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Abstract-- Application of the business rules approach is often
argued in research and practice to result in more efficient and
enhanced processes. As the extent of this statement has yet to
be shown, in this paper the process smulation method is
applied to assess the effect of businessrules externalization and
automation on business process performance. A real-world
decision and information intensive process is used here as a
case study. Business process simulation is applied here to
assess process performance difference between asis and
enhanced to-be process. Comparison of the obtained
simulation results of the re-engineered to-be process that
includes automated business rules and the asis process
indicate an increase of process performance measured in time
and costs while attributing this effect to the automation of
identified businessrules.
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l. INTRODUCTION

of effects introduced support by the informatiooht@ology
(IT) will have on the process performance (see 1D

In this paper, the effect of business rules autmmatn
defined process performance indicators is measusedy a
case study: a real-life business process of ahédalid.
Business rules automation implies rule identifizatie.g.,
from software code or expert knowledge, their
externalization, i.e., documentation and descniptit
machine-readable format, and automated executi@n, i
enactment within a business rules management system
rule engine of a workflow management system. This
research is based on the discussion in the aréasifiess
process management stating that IT-supported IBssinges
management enables a better process managememimis t
of maintainability [5] as well as performance arfficeency
[5]. Thus, the research question here is: can nigact of
business rules automation on business processriparice
be captured and if yes, is this impact positive@gative on
pre-defined business process indicators. The reseaethod
applied here is a case study-based simulation refaklife
business process. The effect of business rulesnatitin is
measured by comparing metrics from the as-is ardeto
process that integrates business rules automafitis
research method is used for artifact evaluatiorp@ags in
design science research [6] and business process re
engineering as well as hypothesis or theory testirgpcial
sciences. Here it is applied in the area of assassmof

This paper addresses the question put in [1] on hoWRusiness process automation and thus, re-engigeerin

automation of business rules changes business gsroce

performance and extends its methodology by usimgoee
extensive case study, multiple performance indisasnd
business process simulation.

Business process simulation has gained a lot eftain
in the context of business process re-engineernrtPbOies
as a tool to support managerial decision and ket

potential effects of a newly designed business gs®c

without significant financial effort. Business pess
simulation aims at assisting the process of modeénd
analyzing organizational structures. Use of simoihain the
context of business process re-engineering is basethe
approach to computer-aided analysis expressed imprSi
[2]. He argues that one of the most important usés
computers is “to model complex situations and ferithe
consequences of alternative decisions to overcomneded
human rationality”. Being an operational reseaethhique
simulation has a major advantage as it
experimentation with any element of a businessesyqs]
being used in order to measure, understand andcptbe
metrics of process improvement and quality [4]. §,lane of
the major application areas for simulation is tlkpleration

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-223-3

The remainder of the paper is structured as folldinst

a short introduction into the business rules andinass
process management context is provided. In Se@®ioa
short overview of related work in business process
management is given. Simulation experiment desggwell

as the case study process are described in Sdct®ection

5 provides an overview and discussion of the sitiora
results. Conclusion and outlook finish the paper.

Il.  BUSINESSRULES AND BUSINESSRULES
MANAGEMENT

Business rules are defined by the Business RulespGr
as “constrains [....] that guide or limit the bwese” [7].
Business rules are specific instantiations of raled capture
process and enterprise specific knowledge. Busingss
are often categorized in different types such ag,, e
constraints, derivations or process rules [7-1@nsraints

allowsare statements concerning the enterprise or it®guphy

that need to be always true [7, 11]. Derivationesubre
statements that are derived from other informatiomgiven
facts, e.g., calculations. Process rules deschibeptocess
logic, i.e., sequence of process steps executi@haee often
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known as ECA (event, condition, action) rules. @fe¢he

business rules management system; spreading and

main concerns in business rules management is thdirarmonizing business policies and agreements thmug

extraction and identification from the business cess
context. Here, the process by [12] is described apmlied
for business rules extraction from a business poo®del.

First, the area of analysis, i.e., the scope oiness rules
extraction, needs to be defined. Here, the areeelislimited
being the self-contained business process modethéfu
identifying the goal of analysis helps the evalmtof the
importance of involved potential business objeletd tan be
business rules’ sources or sinks. For the givererxent,
the goal is to capture all business rules invoffaeckfficient
and accurate process execution using the existusinéss
process model. The goal of this process can bdifidenas
providing an optimal care for the patient from noadii
financial and temporal points of view.

Further, a mandatory business vocabulary of theager

used in the analyzed context needs to be estafblishesystems create an

Process- guiding rules can often be identifiedHeyuse of a
gateway in a modeled process flow, which can be asdhe
first step for business rules identification [18uestioning
the implicit (or explicit) pre- and post conditioaka process
steps realization can also provide a indicationbasiness

the enterprise [18-20]. Nevertheless, the claimeaefits of

the business rules approach are rarely empirically
investigated in research. The major part of businetes
management research is focused on structural
operational construction of business rules for eateu
response to changes in business environment [2&]aften
related to complex event processing.

In this paper, process cycle costs and time arbyzeth
aiming at the investigation of the effect of busmeules
automation on process efficiency by comparing perémce
indicator values of the as-is and to-be processréfbre, a
real-life business process in the as-is state dksasewith
automated business rules is simulated using a dmsin
process modeling and simulation software. The apsam
here is that business rules and workflow management
integrated environment for psoces

and

execution.

. RELATED WORK

Vendors of business process and business rules
management solutions often provide case studieghen

rules that are needed to achieve successful awdmatpositive effect of business rules automation basedheir

process execution. For identification of furthertgudial
business rules sources pre- and post-conditionsttfer
process goal achievement can be helpful. Next stethe
process suggests the identification of
stakeholders. Possible restrictions coming from
stakeholders need to be specified and their impacthe
process or analysis goal evaluated. An importantstring
criterion for found business rules candidates igirth
affiliation to the goal of the analysis. Stakehofde
restrictions can be summarized as expectation akimum
transparency (including clear and comprehensiblesibm
guidelines), minimal possible processing time (maxn
possible process automation), maximum benefit (itiolg
clear accordance of requirements and possibilitraaximal
possible accuracy (meaning clear decision guideliaed
clear requirements assessment).

Business rules are especially useful in businessadts
with high decision and policy intensiveness becatinss
enable expressing, managing and updating piedessifiess
knowledge [14]. As the definition of the procespeay
requires significant analysis effort, Levina andiiiann [15]
show a quantitative approach for business procgge t
identification. In the context of business rulesnagement,
information and collaboration intensive processesima the
focus of interest as they would benefit from busteules-
oriented management approach.

The business rules management approach [10, 16]
often seen as a part of business process manag¢h7gnt
and is also intended as an enabler of process ireprent.
Among the main reasons for integration of businesss

customer’s experience (see e.g., [5]). Neverthetbss data
cannot be rigorously evaluated, as these caseestutie
described on an abstract level. Furthermore, daltaction

the procesmethods and analysis are neither discussed, neemes in
thehe corresponding publications. Thus, these casdiest

cannot be considered in full in this state-of-thieraview of
current research on business rules managemensassgs

In the research area of business process management
business process simulation has been widely used fo
business process re-engineering [4, 22, 23] as a=ll
organizational design [3] and quality assessmefitgfhong
other domains. Simulation is furthermore a compoméra
business rules engine, thus, business rules cainheated
to provide a better robustness and validate theegmand
rule design.

Research on business rules often focuses on basiies
description [17], data management aspects and itathn
implementation [21, 25, 26]. Only little researcashbeen
done in the area of business rules capturing atréation
methods [12, 19, 27, 28] as well as evaluatiomefliusiness
process management approach on business process
performance. Levina et al. [1] explore the impddbasiness
rules automation in the e-business domain usingptem
event processing, i.e., event-action/process bssimales.
The indicator used to show the advantage of busindss in
[12] is process cycle time. The case study alsades on a
ghort business process that involves only few te@s

In this paper, a case study that requires extepdatkss
knowledge as well as frequent decision taking ialyaed.
The effects of business rules automation are medsausing

management following business domains are cited bgrocess costs and time indicators. Next sectioorites the

practitioners and researchers: decision automatioeduce
process complexity and transaction costs of andsidec
errors within a process task; process flexibiliyedo the
ability to update or extend the business logic gism
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experiment design.
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IV. EXPERIMENTDESIGN

To assess the business rules automation effect,
simulation of a business process from a Germantéaaid
has been performed. The process was elcited usi
interviews and modeled using Business Process el
Notation (BPMN) as well
information on its organizational, temporal andafinial
structure. This proceeding provided a way to achien
understanding about the current and future potedésign
of organizational processes without the risk ofugiion to
the real system itself.

Derived information as well as the business praess
have been modeled using Adonis® 2.01 communityicedit
software. This open source tool allows BPMN modglas
well as process simulation. To derive the effecbw$iness
rules automation on the business process, the ggduas
been modeled and simulated using two differentates In
the first scenario, the as-is process describeidterviews
has been represented. In the second scenario,ifiielbnt
business rules have been implemented in the mbéetby,
process rules as well as constrain rules have fneeeled as
automated tasks, while rule-centered informatiotheyng
and management have been implemented in the degisio
as manual tasks. Duration of the simulation wasar yn
working days with five working days per week antidirs
per week per day for both scenarios. Duration ¢éraated
tasks has been set corresponding to the valueatetevn
interviews. Activity costs were assigned in accamawith
process actors’ levels of expertise. Activities uieqg

as enriched with detailed

here shows attributes of business rules-intengivegsses as
ell as the potential of automation of its sub-jgsses (see
[15] for business process type definition and idieation).
Thus, the approach for business process simulation

n&lggested by Hlupic and Robinson [22] is adoptedhe

presented research. To derive research resultswialy
steps are performed:

» Define modeling objectives;

»  Decide on model boundaries;

e Collect and analyze data;

»  Develop business process simulation model;

*  Test model;

*  Model experimentation;

*  Analyze output;

*  Provide business process change recommendations.

Hlupic and Robinson [22] suggest this proceeding fo
evaluation and decision support in the context ef r
engineering, thus the last phase is omitted hereause the
goal of the research s exploratory rather than
recommendatory. The case study roots in a buspresess
analysis project where the process under consideraad to
be defined, modeled and explored concerning iterniatls
for automation. The resulting as-is model and pssce
information was used here as input for simulatiesigh.

Thus, the modeling objective is to document andyaea
the as-is as well as to-be processes. The modeidadies
have been set according to the project scopethe patient
management process by health and medical managess.
as-is process model, including execution time apstscof

deeper medical knowledge were assigned higher costie tasks as well as the designed to-be proceselrhasie

comparing to less knowledge intensive activities.
A. Methodology

been discussed and evaluated with process workets a
process manager. As mentioned above, the process fl
have been modeled and task characteristics sudheas

~ A case-based research methodology was chosenheith texecution costs and times have been included tble@niae
aim to provide an example of practice and test th&jmulation of the quantitative characteristics atitlis

proposition that the supporting tools of procesppiveg and
business process simulation can illustrate theeffea rule-
based approach to change in the context of buspresess
management.

Although, a single-site study has obvious limitatiavith
respect to the generalizability of the findings, ¢hse is not
aimed at being representative, but rather exemplEnys,
the simulation results that were retrieved using th
simulation are not exhaustively representative lb§ienilar
situations (same reasoning has been successfugliedpn
[29]). The study is used here to explore the pakeeffects
of business rules externalization and automatiobusiness
process performance. Therefore, it is an explapaeample
and an exploration study which simulation resutidigate
the effect of business rules automation. The pseesed
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performance measurement. After the short process an
simulation set-up descriptions in the following séztions,
the accordant simulation results are presentedimscdssed.

B. Process Description

The process under analysis aims at the provisioa of
suitable control of patient treatment. Process gealo
provide efficient and suitable treatment corresjogdo the
patient's diagnostics for the patient and the hefahd. The
challenge for the health manager at the health fsntb
understand the diagnosis of the patient and tauat@bhich
treatment can be suitable for an efficient recovaityus, a
certain amount of medical knowledge is needed tdegthe
treatment process.
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Client External Consulting ‘

Figure 1. Health fund process

The process presented in Figure 1 starts with sages
or request about the medical case filed by theepttor
treating facility in cases when the patient hatleadelivered
to the hospital or is already under medical treatme&his
case is analyzed by either by the health or mednzalager
with the regard to sufficiency of the included dalfaall
needed information is given, either within the casén the
patient history available at the fund, the case\ualuated
concerning its complexity. If health manager cfssithe
case as clear, he or she supervises further tratitthée or
she doubts whether her or his knowledge is sufficfer
further handling the case, he or she can passabe © a
worker who has an indicated higher medical knowdedg.,
medical manager. In this case, medical manager
responsible to govern the treatment. Thus, medizaiager
often acts in a consulting position for the healthnager or

reworks cases that could not be managed by thehheal

manager.

Governance of the treatment is composed of severg|

steps. Diagnostics of the patient needs to be cemepisive
and his or her nursing assessment needs to befieldnt
According to this data a general treatment proceedan be
planed. This proceeding is discussed with the patie
According to the diagnostics a specialist or a tineat
facility, such as a hospital or a rehabilitatiorstitution,
needs to be chosen. The choice depends on theclistef
partner institutions, their availability or agreertebetween
the health fund and medical specialists. Furtheemor
according to the treatment plan, costs of the ieat need
to be reviewed and monitored along the treatmentqss.
External consulting provides support upon requestases
where the diagnosis or treatment activities are alear.
Thus, we can identify following actors involved dnthis
process: patient, treatment facility (that can als® a
medicine or a hospital), external consulting, theerative
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health and medical manager from the health fune gdal
of this process can be identified as: provide dectfe
patient treatment. The term efficiency implies besssible
recovery of the patient and efficient resource mement
(such as costs and time) on the side of the haaith

While in the described as-is process the informatio
collection and decision making have been performed
manually, in the course of to-be process desigisjniess
rules as well as process automation potentials wereed
and implemented into the process model. The gotieofo-
be process was to reduce the process time andfoodtse
health fund while providing the right treatmeng, j.efficient
process for the patient and health fund. This gasal
consistent with the as-is process goal. Therefire, work
load of the medical manager has been reduced asingre
effective decision making and information collentio
Identified business rules were supposed to be redteed in
a business rules management system to reduce prites
The simulation of the as-is and to-be processesois
applied to assess the performance difference battiregtwo
scenarios using process time and cost metrics.

C. Smulation Set- up

Conducted interviews with process workers and
managers were led to capture the process as wetb as
provide information on process times and indicatidar
derivation and constrain business rules. Businekes rthat
are relevant for process execution have been fahtas
mostly being of type constraints and process rindicted
by control flow gateways. Additional business rudeswell
as process rules have been derived using the Ilsgginecess
model (see BPMN rule events in Figure 1) and bissimeles
extraction process described above. Additionallggision
points within the process were identified and theoadant
information has been gathered. Decision points catéi
process stages or tasks that require additionad dat
decision making [30] and are thus potential souroés
Business rules enactment.

Furthermore, the as-is process has been modeled
including the as-is process implementation, i.eanual
information gathering has been represented as rhtaskes.
Tlhis as-is model has been simulated using Adonig® 2
ommunity edition software and the defined perforoea
indicators such as time and estimated costs in ynanés
(MU) of the process have been observed. The prduass
been simulated for a time-span of a year to gatierage
costs and frequencies of the single activitiesywell as to
take into account that a patient recovery needsbdo
accompanied for a longer period of time, that i#tjlthe or
she likely does not need any medical attention tfo
original diagnosis anymore. Thus, monitored fregiesnand
costs of activities represent the real processouwtttbeing
exhaustive and based on simulation rather thamemt¢tual
execution patterns.

In a next step, the as-is process model has bedifiedo
to a to-be process to include identified and autetha
business rules. Thus, constrain rules have beetetteas
information collection points [30], i.e., informati
gathering, as well as constrain estimation has been
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automated. In the actual realization of this autionae.g., a costs of 18.39MU and 35.55 MU. An additional, thbuey
document management or business rules managememather obvious observation, is that the rise ofjdency of
system can be used. Process rules have been mauteledthese activities is accompanied by a nearly propaat rise
automated, by e.g., a workflow management systenin costs (frequency rise of 42% was accompaniedsayof
Subsequentially, this to-be process has also biemnladed the costs by 41.1%). Another effect of businesesul
with the focus on the described performance indisat automation can be observed on the two process tasks
While the as-is process data on time and cost neameigt have been automated: “priorise case” and “pre-nmnag
have been gathered in interviews, data in the tprfoeess case”. Their occurrence frequency remained nebdysame
have been estimated and evaluated using experiamde but their costs were reduced to a fraction of thigirmal
expert interviews. As the result, two of the manpiadcess costs. Hence, the automation of the to-be prooessited,
activities of the as-is process have been fullpmated in among other, in a higher number of activities faalth

the to-be process. manager as well as the supporting information syste
Finally, to be able to compare the performancéeftivo
V. SIMULATION RESULTS processes, their performance quotient has beemlagd.

Simulation of the as-is process resulted in anamger The performance quotient of the process has betnede
time for the case support (in working days) of §dand here as the relation of the process cycle cost/{#) and
approx. 7 hours with estimated costs of 69.62 M (Bable  process cycle time (in minutes). As the resulhdf ainalysis,

1). As the most frequent activities in the proctsanage the to-be process performance increased by 24.65%
case” activity performed by the health manager ai as ~ comparing to the as-is process performance. Tégsaan be
“prioritize case”, “gather information” and “managatient” attributed to the business rules automation reggrdhe

by the medical manager have been identified. “managexperiment design and simulation results.

patient” was identified as the activity with theghéest costs
(25.2 MU) as well as with a rather high averagegudency of V1.~ CONCLUSION ANDOUTLOOK

execution in a process cycle (0.84). In this paper, simulation-based experiment andetsign

Simulation of the to-be process resulted in a reduc for the assessment of the effects of business auigsnation
process time by 37.5% as well as reduced estintatetd by  on business process performance has been illubinateg a
17.3%. Although, in the to-be process the number oprocess modeling and simulation software. The faduhis
activities for health manager increased, his orviarkload  business rules simulation was put on constrain e &
is now more focused on the efficient case procgssind his process rules as they provide the highest process
or her area of expertise. “manage case” activityn@sv  enhancement potential when realized using IT-supgor
performed with a lower frequency while health maragjso  execution. Experiment results show that the process
performs “manage patient” activity. This fact iss@al performance of a to-be process involving automatibthe
beneficial for process efficiency as the time of thedical business rules that were identified and externdilfrem the
manager is more expensive comparing to the tim¢éhef as-is process using a systematic approach wasagente
health manager due to their different levels in iwed This performance rise is attributed here to thertass rules
knowledge. In the to-be process medical managdess externalization and automation.

involved in the support of health (frequency of tkapport Applied research approach can be used as a basis fo
case management” activity is decreased), while goeinestimation of the business rules automation benefine
slightly more involved in patient management. major limitation of the presented results thoughthie fact
that the experiment design takes neither the invest, nor
TABLE I. SIMULATION RESULTS the implementation costs for business process asthéss
Indicator Asisvalues | Tobevalues rules automation mfrast_ructure into account. _Ald(_imlly a
Processtime 8d 6h47min | 5d 7h 22min general limitation of business process simulatfothat each
Process costs 69.62 MU 59.37 MU modeled scenario represents only one possible mgt@nd
Performance Quotient | 0.00584 0.00775 over long periods of time these outcomes could reatty
(MU/min) _ different to actual performance. It is thereforsesgial to
?f"anage <9 patient | 0.89;25.20 1.19;35.55 undertake a series of experiments and judge thstiséy of
reguency; costs) g : S
Gaiher information | 0842520 0,92 18.39 model _re;ult; to changes in input factprs. Thl$ pribvide
: some indication of how useful the simulation resudire
(freguency; costs) . .
Support case management | 0.43; 6.5 0.21.3.15 likely to be. Nevertheless, this paper assessec sunthe
Priories case (frequency; | 0.84;8.4 0.8;1.6 claimed benefits of the business rules managenpgmbach.
costs) Here, its effects on process improvement or efficyehave
Pre-manage cae | 0.4;2 0.4;0.8 been addressed.

(frequency; codts) This paper illustrated that the performance ofuée(and

In the to-be process activities “gather informatiamd
“manage patient” are the most frequent and expensi
activities performed by medical manager. They aoatine”
activities for the medical manager with frequena&$.92
and 1.19 respectively, as well as respectively iremuthe

information intensive) business process can be redth
Vconsidering the indicators time and cost usingriess rules
automation. Considering business rules in this ggsalso
resulted in a process workload and responsibilifisthe
process actors that are now more fitted to thedgseription.
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This fact needs to be examined in future reseastit may
provide an indication towards a measurable effépsgcho-
social dimensions such as higher job satisfactioprocess
performance. Further research directions are tdoexghe
effects of business rules management approach asess

and data maintenance costs, compliance, updat¢edela

efforts as well as decision accuracy.
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