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Abstract: Today, enterprises are forced to continuously optimize their businegslas
as service processes. In this context the process-centered aligyfriméormation sys-
tems is crucial. The use of business process intelligence (BPI) toots pifemising
perspectives in this respect. However, when using BPI tools one haslyao look
at potential benefits but at costs as well. Therefore, most enterphisding about
the purchase of a BPI solution demand for a business case systematithiiing an
investment'’s benefits and costs. This paper summarizes such a Busiseased on
an evaluation of contemporary BPI tools and practical experiencegr&gent basic
BPI concepts, describe BPI benefits and cost drivers and intradoceost models to
gain insights into BPI economics.

1 Introduction

Nowadays innovative products and services have to be deelonder high cost pressure
and time restrictions. This requires new types of dynamiaboration scenarios within
and between enterprises. Changes, either driven by intreaternal factors [MRBO05b],
force business units to quickly adapt process-orienteatimftion systems [LKO4]. In this
context, the process-oriented alignment of informatiosteys (e.g., enterprise resource
planning systems) is success-critical. However, such igmraknt causes high mainte-
nance costs. Business processes are complex, rigid antdradtd®em to changed needs
typically affects many people. Information systems areckifile as well and very often
implemented with the process logic "hard-wired” in the apgtion code.

Business process intelligen(®PI) tools offer promising perspectives in this contexiIB
applies business intelligence concepts (e.g., analdjgplications) to business processes
[GCCT04]. It is based on the analysis of process execution dateoartie automatic
derivation of (optimized) process models and process pegnce characteristics from



these data. It is implemented as a set of integrated toolsdang features for the analy-
sis, mining, prediction, control, and optimization of pegses. The overall goal of BPI is
to extend an enterprise’s performance management [Hof®Jisiness processes. Enter-
prises more and more realize that gaining knowledge abeutghocesses results in many
benefits, justifying the high costs arising from the introtilon of BPI solutions. In fact,
BPI tools offer several benefits. For example, businessgss®s can be monitored during
their execution, process optimization potentials can b&ek in (nearly) real-time, and
process information can be visualized in an aggregated fardifferent user groups (e.g.,
using dashboards). Besides, the use of BPI tools also caigiesosts. Therefore, it is
important (and often requested in practice) to prove thedddlue of such tools.

The quantification of benefits and costs of BPI tools is a cemask in practice. Costs
cannot be clearly associated to single cost factors, bereefit difficult to evaluate, and
risks are not conceivable. Nevertheless, most enterpdisesnd for business cases sys-
tematically outlining positive and negative impacts of mveistment [Rei02]. In this paper
we develop such a business case for BPI analysing the besreditsosts related to it. Risks
of using BPI (e.g., the availability of a critical mass of pess data) are out of the scope
of this paper and therefore not further analysed here.

Our work is part of a project currently conducted at Daimlen@ler. The overall objec-
tive is to systematically identify and estimate the factbet influence the costs, benefits,
and risks of advanced process technologies. Respectiediagies particularly cope
with business process integration and management issURBQBR]. In this project, we
accomplish case studies, surveys, experiments, and togyadsons to analyse relevant
factors and their impact on costs, benefits and risks.

Section 2 introduces a reference architecture for BPI agmtves. Section 3 describes po-
tential benefits, resulting from the application of BPI cepts. As benefits are always
opposed by costs, Section 4 introduces two BPI specific cosieis. The first one de-
scribes an approach to determine the total costs of owmefHBPI investments. The
second cost model quantifies the positive impact of BPI otwswé development projects.
The paper concludes with a summary and an outlook.

2 Business Process Intelligence

This section sketches basic BPI concepts at a glance.yringlillustrate differences be-
tween BPI and related conceptBusiness activity monitoringnd process performance
monitoring are terms basically addressing the same topic, i.e., thdimga monitoring
and analysis of business processes (neglecting the syitatadavation of process opti-
mizations). By contrastorporate performance managem@KO04] is rather a holistic
approach to harmonize enterprise goals and business pesatsough IT-based planning,
monitoring and controlling efforts.

Before we consider factors determining costs and benef@&®bapproaches, we illustrate
basic BPI concepts by means of a conceptual reference ectini¢. This architecture
comprises three major levels (cf. Fig. 1).



Level 1is responsible for the extraction of process execution ftata the information
systems supporting (fragments of) the monitored businessepses. Typically, the im-
plementation of a particular business process is scattsmdheterogeneous information
systems each of them using a different representation forgss log files. While some
information system provide event-based execution logdi{dails) with detailed infor-
mation [zM04], others maintain only simple process logser€Efore, the syntactical and
semantic integration of these log data is a challenging thslpractice, very often mes-
sage brokers and "extract transform load” (ETL) module®kmfrom data warehousing)
are used for this purpose. Furthermore, a cemapbsitory(process warehoujestores
collected control and application data generated duriajpecess executions. Besides,
estimated reference values (e.g., derived from processlaions) can be stored in the
process warehouse as well to allow for delta analyses {fie.comparison of estimated
reference and real process data).
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Figure 1: BPI Reference Architecture.

Level 2 of our reference architecture (cf. Fig. 1) implements B&k functionsIn order
to measure and evaluate process performanceprieessing unibggregates and calcu-
lateskey performance indicatoré<Pl) (e.g.,process cycle timer number of processes



completed within a given period of tilnkased on the data provided by the process ware-
house. In order to be able to quickly react to critical preaagents (e.g., lack of resources
needed to complete a process step)nbfication componerrovides functions to send
messages to relevant persons (e.g., the process admaor)streo deal with confidential
data, asecurity componergrovides functions to control the access on (aggregated) pr
cess data (e.g., through generated process views). Sisslaes are known from data
warehousing [HWO05]. Th@rocess mining componer# responsible for the automated
derivation of (optimized) process models from logged ekeoulata [vdAWO04]. For this

it provides algorithms and tools. Thereby, the correct atidun of process models depends
on the completeness and quality of available process lay dbally, theadministration
componenprovides typical support functions (e.g., for the manag#roéuser data).

Level 3 (cf. Fig. 1) is responsible for theisualizationof processes and aggregated pro-
cess information (i.e., information about a collection ofgess instances) [Lof02]. The
visualization componeri$ providing a library of presentation elements (e.qg. fizdights

or bar charts) for the design of user-specific presentationg (dashboards).

The reference architecture can be applied using contemp8ial tools. Examples of
such tools includ&Vebsphere Business Integration MoniftBMO03], ARIS Process Per-
formance ManagefSch04] andBizTalk Server Business Activity Monitoring Framework
[Mic04]. All of them assume the availability of event-bagacess execution data (e.g.,
related to the start and completion of process activitiesesources needed by a process
activity). Contemporary BPI tools however do not cover appects of the described archi-
tecture (e.g., data integration). Therefore, other sofvt@ols (e.g., message broker) have
to be taken into account.

Process instances may produce a mass of data that has tddmterhlstored and analysed
in real-time. Processing that data must not negativelycaffee performance of the oper-
ational systems. Another challenge arises from the useaytag process management
technology [RRDO04]. Here, the increasing number of varyimgress instances is directly
correlated with an increasing amount of process executaa (e.g., information about
the type, reason or frequency of process changes). It isat@lgar how such data is used.

Independently of the number and maturity of features pexioly a specific BPI tool, most
enterprises that want to invest into such a tool demand farsinbss case systematically
outlining the investment’s benefits and costs. As a first sieprds such a business case,
BPI benefits are presented in the following.

3 BPI Benefits

Enterprises are aiming at continuous optimizations of thesiness processes. An impor-
tant factor in this context is the availability of adequatetrits. In 1983 DeMarco stated:
"You can't manage what you can't control, and you can'’t cohtvhat you can’t measure”
[DeM83]. This also applies for business processes. In daleffectively manage them,
process logic has to be explicitly defined at build-time anotpss instances have to be
flexibly controlled during run-time (e.g. using process agement systems). Comput-



erized business process support provides the basis foegg@erformance measurement
(e.g., using appropriate process metrics). As BPI is buddnumeasurable process at-
tributes, thus it is based on a foundation of real processutixan data, it offers interesting
perspectives in this respect.

Examples of quantifiable process data used by BPI tools are:

e Process Time

— start and completion times of processes/process activities
— average duration to complete a process/process activity
— waiting and idle times of processes/process activities

e Process Resources

— resources needed to execute processes/process activitiescferg), a
— input and output data to execute processes/process activities
— size of work queues of resources

e Process Quality

— percentage of failed processes/process activities
— percentage of successful processes/process activities
— percentage of processes/process activities missing a defined qualyvade

BPI tools utilize respective metrics to derive (aggregpfedcess information and to gen-
erate status reports. In the following we introduce threeazses for BPI and discuss the
benefits arising in this context (cf. Fig. 2):

e Use Case 1: Information System Alignment BPI can be used to support the development
and maintenance of process-oriented information systems. In partityeovides valuable
information (e.g., about the adequacy of provided business furscfi¢et04]) for aligning
the information systems to the business processes. The use of BPldadlecrease soft-
ware development costs. In particular, Section 4.2 illustrates this edommpact using an
algorithmic cost model.

e Use Case 2: Business Process OptimizatioBPI can be used to identify "critical” scenarios
that may occur during the execution of a business process (e.gavadability of resources,
unnecessary waiting and idle times). Process mining as an importanoBe¥dt (cf. Section
2.1) allows for the continuous derivation of optimized process modéis, i turn, reduces
the total effort necessary for "manual” process analyses. As opgttinizs are based on real
data, their implementation tend to be much more effective than other ahe®oée.g., the
disclosure of optimization potentials by process simulation based on estidattd

e Use Case 3: Process Transparency/Visualization of Process Infoation: Due to the frag-
mented support of business processes, their control is distributedseveral operational
systems, i.e., we cannot always assure that controlled executiomebgomtrol system (e.g.,
process management system) is possible. Nevertheless, when cglibetirespective log



data from the different systems, it becomes possible to provide momjtarid visualization

support for the overall business process. The information to belsdanclude complete
process schemas and process instances (e.g., control and dataafttivity states) as well
as other process-related data (e.g., application data). Most BPI toblslénfeatures to vi-

sualize processes and related aspects. ARIS PPM, for exampls, affetailed tree view to
illustrate the hierarchical relationships between processes and s@sgesc Particularly the
analysis of entire process maps becomes easier using such or ebfegeatures.
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Figure 2: Realization of BPI Benefits.

However, contemporary visualization modules of BPI tools still lack sonpoitant issues:
visualization of processes running on different platforms as well atufes to customize
process visualizations [BRB05]. Regarding the latter, for example, it abgective to better
adjust the process information to be visualized for different purpo&eecess views, for
example, target at providing either context-aware (e.g., visualizatioardrol flow) or user-

aware (e.g., high-level aggregated process data for managecssp information. Providing
such advanced visualization features will further increase the adentighis use case.
In summary, the visualization and monitoring of distributed processesasmalex, though

quite useful BPI use case.

Besides the benefits offered by these three use cases, otimeisipg perspectives arise
from the use of BPI tools:

o Real-time EnterpriseThe ability of organizations to process available enterprise data as fast



as possible is more and more considered to be success-critical [SA034]. BPI tools are
(partially) able to provide and process information in real-time and thexefpable faster
reactions to internal or external events (e.g., responses to criticafisitg).

On-demand PlanningBPI tools do not only enable the continuous monitoring and control
of business processes and their performance, but of the suppioiftingnation systems and
their effectiveness as well. Thus, performance problems (e@reps deadlocks or resource
allocation problems) can be identified and solved earlier.

Reduced Planning Riskés the output of business processes (e.g., of production pegess
can be predicted more precisely using BPItools, planning risks camlbeed (e.g., regarding
sales and distribution efforts).

Effective Guidance of IT and Business InvestmeBB tools can support enterprise invest-
ment decisions as they help to identify bottlenecks that can only be catneetking addi-
tional purchases of software, hardware or expertise.

Better understanding of Critical Success Factofgalysing the execution of business pro-
cesses and the alignment of supporting information systems, BP| taotetiato gain knowl-
edge about success factors and problems of an organization's#Etinfcture.

BPI tools support a broad spectrum of use cases. Howevesutteess of BPI tools in

practice is not yet conceivable, though there is a growirtigrést of both vendors and
customers for the topic. Another important element of ecoinedriven reflections is an

investment’s cost structure. Costs have to be justified bgnastment’s expected benefits.
To be able to balance costs and benefits, cost drivers ofaapinvestment have to be
identified and incorporated in a suitable cost model. Tloeeetthe next section deals with
costs related to the use of BPI.

4 BPI Costs

This section focuses on the analysis of costs related to ¢keofiBPIl. We distinguish
between two different cost scenarios:

1. Cost Model 1: BPI Total Cost of Ownership Section 4.1 presents a cost model

to quantify thetotal costs of ownershiflf CO) of BPI investments. BPI cost drivers
are described and incorporated in an overall cost model.

. Cost Model 2: Impact of BPI on Software Development Efforts Section 4.2
does not present a cost model for BPI itself. Instead, itctlet the idea of a cost
model to quantify the impacts of BPI on software developnaffurts. To estimate
such efforts, various approaches are proposed in thetlirerfBoe81]:algorithmic
cost modelsexpert judgementsstimations by analogyand pricing-to-win We
decided to extend algorithmic cost models to take into actthe impact of BPI
on software development. Using algorithmic cost modelsnseasonable as they
represent the most systematic, although not necessagilmntst accurate approach
for software cost estimation.



4.1 BPI Total Costs of Ownership

Analysing the total costs of ownership of BPI investments,distinguish betweedirect
andindirect costs (cf. Fig. 3). While direct costs (cf. Section 4.1.1) bantypically
qguantified comparatively easy, this is difficult to achiewe ihdirect costs (cf. Section
4.1.2). However, both direct and indirect costs of BPI itrents are analysed in more
detail in the following.

Direct Costs Indirect Costs
BPI BPI BPI BPI End User
Software Hardware Support Customizing Costs
BPI Tool (incl. BPI BPI User Customizing of User Self
Upgrades) Server Training BPI Solution Support
Data Inte- Database Solution Ad- Maintenance of Informal
gration Tools Server ministration BPI Solution Learning

Process User Personal
Warehouse Helpdesk Customizing

Figure 3: Overview: Cost Driver that quantify BPI Investments.

4.1.1 Direct Costs

Regarding direct costs of BPI investments, four major castgories (each of them uni-
fying additional cost drivers) can be identifid@lP| software BPI hardware BPI support
andBPI customizingAll cost categories are illustrated in more detail in thibofwing:

e Cost Category 1 (BPI Software BPI software is the dominant cost factor regarding
BPI investments. We distinguish three cost drivers withis area:

— Cost Driver 1-a (BPI Tools)BPI tools (cf. Section 2) are the basic fundament of every
BPI solution. Therefore, they constitute a major cost driver for eB&tlysolution. De-
pending on the organization’s requirements, it may be necessarydogagradditional
tools covering specific BPI aspects.

— Cost Driver 1-b (Data Integration Tools)BPI tools assume the availability of event-
driven process execution data. As business processes typicallgesgmal information
systems, the requested data is fragmented. This, in turn, causes alditists for
integrating both the information systems into the BPI solution and for integrtiang
process data into the process warehouse. While the former requiresshimtense
implementation of customized adapters, the latter requires investmentscialzgel
data integration and middleware tools.

— Cost Driver 1-c (Process WarehouseéJhe storage of process execution data causes
additional costs. The process warehouse has to be realized on toatftase man-
agement system. ARIS PPM, for example, is using an Oracle databesalife the
process warehouse.



e Cost Category 2 (BPI Hardware) Introducing BPI yields costs for additional
hardware as well. We distinguish two cost drivers:

— Cost Driver 2-a (BPI ServerBPI tools are typically executed on dedicated BPI servers
that have to fullfil advanced performance requirements. IBM’s WRInitbr, for ex-
ample, requires an IBM eServer zSeries 900 or S/390 system if usezhjanction
with OS/390 or z/OS.

— Cost Driver 2-b (Database Serveilany BPI tools rely on advanced database technol-
ogy to realize the process warehouse. Advanced database techredoggs capable
hardware components too.

e Cost Category 3 (BPI Support) Purchasing BPI software and hardware is only the
first step. As any other IT-based solution, additional castsaused. We distinguish
three cost drivers within this area:

— Cost Driver 3-a (BPI User Training)Software developers, process analysts, IT man-
agers and any other personnel using a BPI solution have to be trainsohgtbe BPI
solution. This is necassary to bring the amount of available BPI functiortalityll
evolvement.

— Cost Driver 3-b (Solution Administration)rhe administration of a BPI environment
(through dedicated BPI administrators) implies costs as well. For exampliztes
have to be installed periodically or adapters have to be adopted to chafg®@addtion
system interfaces.

— Cost Driver 3-c (BPI User Helpdesk)Jsers of a BPI solution have to be supported
in using the provided features. This requires the implementation of a fipediaser
helpdesk which causes additional costs.

e Cost Category 4 (BPI Customizing) BPI tools support a broad spectrum of use
cases (cf. Sections 2 and 3). However, every organizatisrithawn focal points.
Therefore, BPI solutions are typically customized to fldfi organization’s require-
ments before it goes live:

— Cost Driver 4-a (Customizing of BPI Solutionfhe initial customizing of a standard
BPI solution causes high efforts (and therefore costs). Organizgfiecific key per-
formance indicators and business ratios [Kue03] have to be definkad®ouate dash-
boards have to be configured.

— Cost Driver 4-b (Maintenance of BPI SolutiorBesides initial customizing activities,
further maintenance efforts have to be incorporated (e.g., for thgratien of addi-
tional data sources, adaptations of existing connectors).

4.1.2 Indirect Costs

Indirect costs of BPI investments are difficult to quantijevertheless, they have to be
taken into account as well. Generally, indirect costs tésw decreased productivity. Im-
portant indirect cost driver regarding the use of BPI aresel&ésupport of usersnformal
learning activitiesand thepersonal customizingf BPI features accessible within a user’s
personal scope. Regarding the quantification of thesedadiosts we refer to approaches
discussed before (e.g., at [Inc03]) as their quantificasamutside the scope of this paper.



4.1.3 Quantifying the Complexity of the BPI Scenario

Besides the mentioned cost drivers another source of castiea has to be taken into
account. Practical experiences indicate that the contglekithe BPI scenario to be re-
alized is a significant source of exponential cost variatido consider this thesis, we
introduce an exponential scale fac@omplexity BPI scenario WEf. Fig. 4). W accounts
for the relative economies or diseconomies of scale whenlas&hario increases in its
complexity. Economies and diseconomies of scale refer canomic property of pro-
duction and describe what happens to costs if the quantigll afiput factors increases.
If costs increase proportionately, there are no econonfigsale. If costs increase by a
greater amount, there are diseconomies of scale. If cagtsdge by a lesser amount, there
are positive economies of scale. By means of our cost modehtbBans that itV < 1,
the BPI complexity is high and a BPI investment exhibits exoies of scale. If the BPI
scenario’s complexity is doubled, the BPI investment castésmore than doubledV = 1
describes a standard BPI scenario with economies and disedes of scale in balance.
If W > 1, BPI complexity is low and a BPI investment exhibits disemmies of scale.

Process Scale Factor W:  Complexity of the BPI Scenario

Q1: Number of Business Processes to be supported? <3 37| >7

Q2: Number of Information Systems to be integrated? <3 37| >7

Q3: Experience in using BPI tools good some no
1 2 3

Preliminary Rating

i =SUM Q)

s 3 4-6 7-9 N
—— —>

W >=1 :High Business Process
low complexity of the standard complexity of high complexity of the Complexity and Size Negative
monitoring scenario the monitoring scenario monitoring scenario Impact on BPI Costs
(few information (some information (many information
systems to integrate systems to integrate and systems to integrate
and few business some business and many business Process Complexity and Size
processes to monitor) processes to monitor) processes to monitor) Nominal Impact on BPI Costs

W =1 : Standard Business

W <=1 :Low Business Process

low nominal high
C and Size Positive
4—1}1+} 1—1} Impact on BPI Costs
< >
\ /
Final W Rating

Complexity_BPI_Scenario

Figure 4: Cost Model to quantify BPI Investments.

To determine the complexity of a BPI scenarios, i.e., to @&fif), we use an approach
based on three attributes (cf. Fig. 4): thember of business procesgese monitored,

the number of information systenis be integrated (as data sources), and the experience
of the users of the BPI solution. Estimations fdrcan be derived from these factors (cf.
Fig. 4), though we cannot yet provide calibrated refereradeasW. Such a calibration is
based on real project data and necessary to be able to defigestimations.

In summary, Figure 5 shows the cost model that can be usedatifyuthe total costs of
ownership (TCO) of BPI. Besides the BPI total costs of ownigxsthere is another cost-
related effect that we assume based on practical expeself promises to positively
affect software development efforts. This thesis is ilatgd in the following section.



costs = (BPI piect costs + BP!jngirect costs )

TCOy,, = (costs) ‘i’

w = ,Complexity of BPI Scenario®

Figure 5: Quantifying the Total Costs of Ownership of BPI Investments.

4.2 Quantifying the impact of BPI on Software Development Pojects

This section sketches a conceptual extension of algorittomst models to quantify the
impact of BPI on software development efforts. The propasddnsion is based on the
rationale that the use of BPI helps to better align infororatiystem to business processes.

4.2.1 Algorithmic Cost Models

Algorithmic cost models are based on mathematical formtdagredict the effects of
software technology improvements on software life cycltgand schedules. Respective
models (e.g., Boehm’sonstructive cost mod¢Boe81] or Putnam'software life cycle
managemenfPM91]) rely on estimations of various software developtremocess and
product attributes (e.g., software size or number and expegs of software engineers
involved). Algorithmic cost models unify exponential amaear scaling approaches into
one rating-driven model:

effort (person months) = A * (siz8 * EM

A is an organisation-dependant constant and not furtheridenesl in the following. A
software system’'sizecan be measured imes of codefunctions pointor object points

B is an exponential scale factor to account for the relatiemies or diseconomies of
scale encountered as a software project increases itsesize through communication
overhead of large teamdEM typically unifies a set of additional lineaffort multipliers
EM;j (with EM = SUM(EM;j)). These usually combine attributes to further adjust the e
timate obtained from calculating only with a project’'s sa®d exponential scale factors.
EM,; typically coverproduct attributege.g., constraints and requirements placed upon the
project),platform attributege.g., limitations caused by the hardware and operatirgsys
being used)personnel attributege.g., level of skills possessed by the project personnel),
and project attributes(e.g., constraints and conditions under which project ldgveent
takes place).

4.2.2 Quantifying the impact of BPI

Existing algorithmic cost models cover a broad spectrunofifvare projects. One prob-
lem, however, is that the possible impact of BPI is not regméed by these models. There-



fore, we propose an additional effort multipliEMpp; to take BPI aspects into consider-
ation as well. This idea is based on the rationale that a so#typroject’s development
productivity depends - among other things - on the amountPIif fenctions used in a
software project. While some software project’s rely on ositpple BPI features (e.g.,
standard process visualization functions), others useramhd BPI functions (e.g., process
mining) to gain valuable information for the alignment ofdrmation systems to business
processes (cf. Section 3). The proposed effort multiplietylsj can be used with any
algorithmic cost model, though it has to be calibrated smpér for each used model.

The extension with an additional effort multipliEMppj (rather than to develop a new cost
model from the scratch) seems to be reasonable as this albtesfocus on the impacts of
BPI specific cost drivers. Traditional software estima@spects can be further addressed
by using existing cost models. Using the current version eétBn’sconstructive cost
modelas baseline [BABO0O], for example, would mean that cost calculations aredase
17 instead of 16 cost drivers.

Expert
Judgement
no explicit efforts estimation of nominal . use of process
. use of audit trails to . :
regarding the values and accom- monitoring tools (e.g., implementation of a
o : collect and store additional use of
monitoring, storage plishment of delta ARIS PPM) to collect full Business
execution data; no process mining
and analysis of either analyses with rudi- process data; Process Intelligence
systematic analysis of techniques
specified or actual mentarily documented this data systematic analysis of Architecture
process data actual values this data
very low low nominal high very high extra high
12-11 1,1-10 1 1,0-0,9 09-0,8 0,8-0,7
Final EM bpi Rating

Figure 6: Business Process Intelligence Cost Driver Ratings.

To derive a value for EMpi. an approach based on expert judgements seems suitable. The
use of BPI features used within a software development gr@gerated fronvery lowto

extra high(cf. Fig. 6) and a corresponding value for fg)y|. The assumed values shown

in Figure 6 orientate oneself at reference values provigethé constructive cost model

for effort multipliers and are not yet validated and calterh An overall EMypj rating less

than 1 denotes a factor that can decrease the schedule artd &ff EMppj rating equal

to 1 does neither extend nor decrease the schedule and &6l rating greater than

1 denotes a factor that extends the schedule or effort.

Figure 7 illustrates two "what-if” scenarios focusing om tmpact of the effort multiplier
EMppi using Boehm'’s constructive cost model as calculation beeseExtra highrated
BPI results in a decreased effort, whilery lowrated BPI results in an increased effort.
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Figure 7: Cocomo 2-based What-If Scenarios.

5 Summary and Future Work

This paper sketches basic BPI concepts (including a conakpPI reference architecture
and a short overview of contemporary BPI tools). Based anlihtkground information,
benefits of BPI are described in more detail. As BPI impliesamdy benefits, but causes
significant costs as well, we introduce two cost models aiadytwo different cost aspects
related to BPI. The first cost model describes an approacitito&te the total cost of own-
ership of BPI investments. Thereby, we distinguish betwa#eect and indirect costs, and
additionally introduce an exponential scale factor "Coenjtly of BPI Scenario”. Based
on a second cost model we sketch the idea of quantifying fieetsfof BPI on software
development efforts (by extending algorithmic cost modeith a new effort multiplier
EMppi)-

We are aware of the problem that our cost models are not yitate and calibrated.
However, both models and especially the assumed expohsedia factors will be subject
to further analyses. Anyhow, both cost models and their dyidg assumptions are based
on practical experiences and provide first insights into &®@nomics.
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