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Abstract—The purpose of this study is two-fold. First, itempts
to explore potential opportunities for utilizing suial interactive
simulations along with Business Intelligence (B§ a decision
support tool for strategic decision making. Secadndkjes to figure
out the essential top-level managerial requiremehtst would
transform strategic decision simulation into aregnal component of
Bl systems. The domain of particular interest wees dpplication of
visual interactive simulation capabilities in theld of supply chains.

A qualitative exploratory method was applied, thgiouhe use of
interviews with two leading companies. The colldctiata was then
analysed to demonstrate the difference between liteeature
perspective and the practical managerial perspeotivthe issue. The
results of the study suggest that although the afssimulation
particularly in managing supply chains is very evitlin literature,
yet, in practice such utilization is still in itefancy, particularly
regarding strategic decisions. Based on the insightrototype of a
simulation based BI-solution-extension was develoged evaluated.

Keywords—Business Intelligence; decision support;
decisions; simulation; SCM

|. INTRODUCTION

of searching for and evaluating various what-ifreges [7].
The second paper by Li et al. discussed the usBl afs a
knowledge engine to drive the simulation and optation
engine used for scheduling purposes [13]. FinZlhang et al.,
described a possible synergy that can be achieetdebn
knowledge management systems and simulation.
explained this by saying that the process of bogdiimulation
models generates organizational knowledge, whichbemefit
from knowledge management systems. They addedner
simulations are run, valuable information is getetawhich
could be fed into Bl systems [24]. Yet, no expli@ference
was made in literature to how visual interactivadations in
particular can be used along with Bl to supportateyic
decisions.

With the research gap recognized, the purposei®fthdy
is to dig into the opportunities of using visualeractive
simulations as a decision support tool in coordamatvith Bl

stratedigy support decisions at the strategic level. Funtioee, the

study attempts to discover the managerial requingsnéhat
would bring about a successful integration of Bt ansual
interactive simulation. The domain of particulatemest was

M ANAGERS are constantly pressured to make economi§cy. The research questions addressed by this atedy
decisions in an efficient and effective way. Such 1y yow can the use of visual interactive simulatidong

decisions vary in their degree of importance anchgexity.

The more complex the problems become, the larger th

number of the variables taken into consideratiomqd he
higher the need to rely not only on intuition anxgerience but
also on more quantitative methods and decisiopatipools.
The field of decision support has been continuoesiylving
since the 1960’s. Advancements have been regutakiyng
place since the origin of Operations Research (@Rj}he
development of Bl. And since decision support isighly
demanding field, more advancements are expectedne.

Reviewing literature has shown that there are Vienited
attempts to make use of Bl capabilities of histridata
analysis along with the capabilities of utilizing RO
technologies such as simulations. Mainly three papeere
found discussing the integration between Bl andukition,
yet the suggested integration purpose was relgtidiglerent
from the intended purpose of this study.

The first paper by Fazlollalhi and Vahidov, dis@ddhe
usage of Genetic Algorithms from the data minirgdfiwith
Monte Carlo probabilistic simulations to improves throcess
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with Bl support strategic decision making?

2) What are the requirements needed to transfaramegic
decision simulation into an integral component bsstems?

This paper is organized into four main parts. Firat
theoretical background covering decision makinggisien

support and simulation will be briefly presentechem, the
empirical research done to arrive at the purposthiefstudy
will be outlined with focus on the research desithe data
collection methods and the selection of study sibje
Afterwards, the results of the empirical researcii e

presented. The third part of this paper will préséme

developed prototypical implementation of a simalatbased
Bl extension. Finally, some concluding remarks abthe

entire study will be given.

II. THEORETICAL BACKGROUND
A. Decision Making and Decision Support
Decision making is often viewed as what managersadat
is one of the main managerial functions describgdibnry
Mintzberg. Typically, the decision making procesasges
through three stages which are not necessarily eseigl
These stages are intelligence, design and chaitaligence is
the information gathering stage where a problendappity is
identified. Design is when a set of possible sohsgi are
outlined to address the identified problem or zila possible
opportunity. Finally, choice is when one of the igaed

They
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solutions is selected for implementation [6]. Inddg's
businesses, decisions are being made continuoyspebple
at different levels in the organizational hierarchgd with
different degrees of importance and criticality.isTimplies
that decisions can be classified in terms of twmetisions,
namely, scope and nature. In terms of scope, desisare
either: strategic, tactical or operational, while terms of
nature, decisions can be classified into structurseimi
structured or unstructured decisions [21][14]. Rdess of
which type of decision classification is used, #@shbeen
common to view the decision making style as eitfiring)
rational or intuitive. With lots of controversiesgarding the
usefulness and relevance of each approach, itievbd that a
mixture of both techniques with additional techryital
support for decision making would be most usefdn&eau
explains that rational decisions can be made isamable
amount of time with a combination of experiencealgtical
skills and supporting technological decision suppauls [4].
Moving on to decision support, it is important te&mtion
that although the meaning of decision support ispté and
might seem intuitive, yet, the term usually refeysdifferent
things depending on context and time. These dagsterm is
usually mentioned in the context of data warehoused
Online Analytical Processing (OLAP) [10]. Ten yealier,
decision support was coined with Decision Suppg$t&n
(DSS). Even earlier decision support was used fer te OR
[3]. With DSS as a starting point, Power's catezjog
framework will be shortly presented. This framewaor&ludes
a categorization, which separates between DSSdl lzas¢he

Document-driven DSSs as opposed to data-driven DSSs
utilizes unstructured documents and web pages winaly
entail hypertext documents, images, sound, andovidteis
capable of complex retrieval and analysis of sutstructured
data sources with the use of processing and storage
technologies [16][17]. Moving forward, model-drivéDSSs
are highly dependent on complex algorithms thamfdahe
model component of the DSS [22]. Models used in ehod
driven DSS include: algebraic, decision analytinarcial,
simulation and optimization models. These modele ghe
decision maker the opportunity to manipulate th#edint
parameters, which could be useful for conductingatwh
analysis [17].

Knowledge-driven DSSs can also be referred to
suggestion DSS or management expert system, aptbeigle
recommendations based on a computerized problermgol
expertise in a specific domain [16][17], with theseu of
artificial intelligence or statistical tools [17]Finally,
communication-driven DSS represents a category3f fhat
depends on advancements in communication and iataym
technology for supporting shared decision making].[1
Examples of communication-based DSSs include: releict
white boards, computer-based bulletin boards, tdas, and
email [16].

B. Smulation within SCM

Simulation can be defined as the process of dexigni
models that represent a real system and then coesty
using these models to conduct experiments to gaietter

as

technology component that drives the decision Suppdmderstanding of the modelled situation or for eathg

functionality. It classifies DSSs into five catear which are:
data-driven, document-driven, model-driven, comroation-
driven, and knowledge-driven DSSs [16][17].

Data-driven DSSs provide their functionality thrbuthe
manipulation of huge amounts of data [22]. Typiesamples
of data-driven DSS include: Bl and OLAP [17]. Ore thther

hand, Kopackova and Skrobaekova view Bl as an ufabre

term that includes not only data-driven DSS bub at®odel-
driven, knowledge-driven as well as document-dri28S;

thus excluding only communication-driven DSS froime t

umbrella of Bl [11]. Figure 1 elaborates on thistiea
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Fig. 1 Components of Bl and DSS (adopted from [11])
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various courses of action [8].

There are various reasons for using simulation.u&itions
can help in decisions making on strategic, tacta=sawell as
operational levels. Some of the application ardasnoulation
that were found in literature include the followirfive
categories. First, optimization, where there isatempt to
figure out the situation that yields the minimummaximum
value of a certain variable. Second, decision amlywhere
two or more courses of action are compared quénéty to
determine which (if any) is most suitable; to fotata a go/no-
go decision. Third, diagnostic evaluation, whererg¢his an
attempt to figure out the causes for certain récgmproblems.
Fourth, risk management, where the use of simulatiay
help in designing risk mitigation plans [9]. Finallproject
planning, through searching for the best mannemfdement
a project in a way that minimizes costs and righd adheres
to time schedules [12]. Furthermore, Kellner et ladted
another six application areas of simulation whiokt &trategic
management, Planning, Process improvement and diegyn
adoption, control and operational management, taleting
and training and learning [9]. Having presented eam@aneric
application areas for simulation, it is essentiademonstrate
the strong link between simulation and SCM that feasd in
literature. It has been stated that “simulationften regarded
as the proper means for supporting decision masingupply
chain design” [23].
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There are some typical supply-chain related questions that No Simulation Simulation-driven Decisions
can be answered using simulation, i.e. [5] : . /\\
o Which supplier policy is achieving best delivery Al . - s F \
performance under a given demand pattern? B | coeseeth | to-be |
o0 Which supplier policy is most robust under deman date | 57\ opportunities ‘
fluctuation? QPN sources /T 7 \\
o Which is the most cost saving inventory policy unde ‘ TR
given demand pattern? e o
o How would profit be_ meacted by adding xx B s i e
ercentage more capacity? .
o] \F/)Vhat is %he trade-o?‘f bgtween delivery performance Fig. 2 Research Framework
and inventory cost when building more inventories? In light of the presented framework, it was detereai that
o What is the impact of information accuracy on thehis study should be dependent on action desigrarel [19].

manufacturing performance? (e.g. cycle time, ofitler
rate)

As a matter of fact, the combination of strategecigion
support and simulation is not sufficient addressgtt now.
As the empirical study will show, strategic decisidike the
selection of logistic service providers or the deobf hiring
warehouses (locations and amount) which regartisstorical
data like orders and customer locations and nontaoneeak
factors like strategic alignments, could be besapported
with the aid of simulation based Bl tools.Yet, irder to be
able to provide answers to the above mentionedtiguss
there is a set of requirements and features tlmtidte made
available. Most important are the ones related h® tiser
interface. It has been stated that the user imterfaf the
simulation tool should allow for the active and npi
participation of the parties involved in the deais making.
Furthermore, this interface should be simple whéne
decision variables are represented in a way thagalp to the
imagination of the decisions makers which are ia tases
considered primarily managers. In other wordsel@ments of
the models should be visible, clear and understadada the
end users [23].

To answer the research questions previously meadioit
was essential to establish an empirical framewbek guides
the research process and sets focus on the aspacteed to
be investigated. Figure 2 outlines the researcimdieork in
use. The figure reflects the key areas that théysntended to
examine to arrive at answers to the research gqusstiThis
includes critical understanding of the current rodthin use
(represented by the “as-is” bubble in the figuréhen
eventually understanding the possible opportunitied may
arise from using simulations for strategic decisgupport
(represented in the to-be bubble in the figure) &indlly
investigating the transitional path of moving frahe current
as-is situation to the to-be situation with focus essential
requirements as well as possible barriers. Furtbermthe
framework sets a scope restricting the types ofpaomies that
will be addressed by this study to those large @mngs with
dispersed locations, that are highly dependent agistics
which has been identified as a typical applicatamea of
simulation.

RESEARCHDESIGN

Therefore in a first step a requirements analysisedd on
qualitative methods was carried out. The dependemte
gualitative methods was driven by the nature ofpteblem at
hand, which requires exploring aspects such as ropptes
and requirements which are more suitably gathered
qualitatively with focus on analysing words, contsgpand
ideas rather than numbers. In a second step thendis are
transformed into a prototypically implementation @f
simulation based Bl extension. The third step efsb called
design oriented research is the evaluation, whiatonducted
with presentations and discussions of the protoagevell as
with peer reviewed publications [2].

The research design used in the empirical study avas
survey with multiple semi-structured, face-to-faneerviews.
Since the study does not attempt to provide annskte
analysis of a unique case in particular, it hasnbaecided to
depend on surveys rather than case studies. Timnaelon
interviews rather than questionnaires is justifatilecause
although interviews tend to be more time consumimg,the
two-way interaction enabled by the nature of inems was
needed to acquire in-depth knowledge about theestilgjrea.
This need was driven by the exploratory naturéefdtudy.

Furthermore, the choice of face-to-face rather thhone
interviews was based on the fact that usually faemce
interviews tend to have higher response rates {hlaone
interviews [15]. The interviews were semi-structuvéth a set
of prepared open-ended questions that gave direttiothe
interview without restricting the smooth flow of megersation,
where interviewees were given the chance to elédarere
and reflect on their own experiences. The questiva in
line with the framework presented above.

A.  Selection of Sudy Subjects

This section presents the rationale behind thectefe of
the study subjects, by listing the criteria for lsuselection.
Then, it presents some background information akbat
selected companies as well as the intervieweesw¥itbh the
interviews were conducted, while keeping the ide#i of
those companies and individuals anonymous
confidentiality reasons.

The choice of study subjects was mainly driven twp t
factors, namely relevance and accessibility. Releeamplies
a fit to the research questions as well as theicgijan field

for
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which is supply chains / management. Candidate eorep
who were considered relevant were required to lzasgong
reliance on logistics in their business, thus tbgidtics
function should be either their core line of bussmer a major
department that is a major contributor to the sssagf the
company. Furthermore, it was
companies would be large companies with disperseatibns;

a characteristic that would make their decision intakrocess
-as regards to logistics in particular- much mosenplex and
thus increasing the possibility of their need famwdation

capabilities. As for the factor of accessibilithjst means that
the researcher would be granted access to enterothpany
and personally meet a high-position representdiiom the

logistics function to conduct a face-to-face onarhiaterview.

Furthermore, due to limitation in time and
accessibility also
companies would have locations inside Germany.

After considering factors of relevance and accdggibtwo
companies were selected for conducting the semnitstred
interviews. Given that this study does not (by angans)
attempt to generalize the results and that thdteeare subject
to future verification/falsification by future reseh, the use of
two companies was sufficient for the purpose arakifde
within the resources available for the researcher.

The first company is an international
quartered in Germany. It is considered a marketdein the
field of banknotes (as a supplier of paper as wasglbrinting
services). The complexity of the company’s operstis not
only due to its diverse activities but also dueitto global
orientation as it has subsidiaries and joint vesguacross
thirty countries all over the globe. The interviengom the
first company was the senior logistics manageharge of the
global logistics of banknote processing at the camyp He
was positioned at the third level from the top dfet
organizational hierarchy thus his position refldctés major
concern with strategic decisions as regards tauipgly chain.
His current department highly appreciates the eiiatvalue
that the logistics function can bring to their camp, yet
according to the interviewee, this paradigm of titdthas only
been there for almost a year, when a new unit utidename
of “Strategic Supply Chain Unit” has been estaladish

The second company that was selected to be intezdigs
also head quartered in a German city, which sasisthe
accessibility criterion. It is considered a logisti service
provider that helps other companies managing thepply
chain(s), allowing those companies to focus onrtlere
business. In addition to its great relevance tostiqgply chain
and logistics industry, the company satisfied trezosd
relevance criterion by having thirty four locatiotlsoughout
Europe with nearly two thousand employees. Thavigeee
from the second company was the manager of thérehécs
business unit. He has a good mix of InformationhPetogy
(IT) and business knowledge. This is due to thetfat he has
a strong background in computer science and agahe time
has been working in various positions that supportee

resosyce
imposed the need that the canelid started by briefly introducing the topic of the djuand then

enhancement of his managerial skills including Wwizk as
project lead and worldwide consultant prior to wogkas the
manager of the electronics business unit at hisrentir
company. His IT background was reflected in higriest in
introducing innovative solutions into his departmgérat may

required that candidafacilitate its work as well as increase its efficig and

effectiveness.

B. Data Collection Procedures

The interviews were audio recorded with the perioissf
the interviewees to increase the reliability of dudlected data
and reduce the dependence on the need to recall
interview's data. Yet, notes were also taken topgint
important aspects during the interview as welleagetiuce the
risk of the sole dependence on the recordings. ifiteeview

clearly stating the intended purpose of the intwvi The
interview consisted of five main questions that evar line
with the research questions.

First, the interviewees were asked about the tygitategic
decisions that they take as a part of their jolpoasibility.
This question was intended to reflect their infotiova needs,
the nature of the decisions taken and the degreeraplexity
involved in the addressed tasks. The second quefiaused

company hea@" their current methods of arriving at those dens

focusing on participants in the decision makingcess as well
as on the data that they are working with. Thedtlguestion
was aimed at finding out the problems with the entr
methods in use, with the purpose of checking whettere is

a match between their current problems and the fitene

offered by the use of simulation. The fourth questi
introduced the concept of interactive simulation $trategic
decision support and subsequently focused on findint
specific decisions that the interviewees believghihimake use
of this technology as well as possible barriers fbe
emergence of such technology. The fifth questiors ea
closing question to check the willingness of therviewees to
offer us future support by testing the later on eleped
prototype that allows simulation-based strategiccigien
support for supply chains.

IV. RESULTS

This section will present the results of the tweeiiews,
one at a time by documenting the answers of thenirdwees
to the main interview questions. It is importanhtate that the
sequence of conversation has been slightly adaptdid the

the

logical sequence of documenting the answers. This w

particularly needed because the interview was stmétured
and gave the interviewees the total freedom to cetb;
which frequently led them to discussing topics thate found
more relevant
consistency, the same set of questions was useldotin
interviews.

in covering other questions. To ensur
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A First Interview
When asked about the typical decisions that hestatke

interviewee's answers reflected his major concerith w

performance monitoring, represented in their abild have
the right inventory at the right place and timehaibinimum

loss and damage. This is particularly enabled wjnou

monitoring the service levels of the logistics segvproviders
by ensuring that they are serving them within tlceeated
levels of performance. In addition to performanaenitoring,
the interviewee mentioned location decisions ofrtddferent
warehouses as another concern; especially thathidney four
different types of storage locations differing iizes and
targeted service area.

The second question was then concerned with disicaye

their current methods of addressing the above mesdi
issues. When asked, the interviewee replied thay tare
depending on their own Enterprise Resource Plan(&ipP)
system to acquire data that is combined with dedaiged by
their logistics service providers into a data warede which is
considered the basis for their reporting systemis ltvorth
mentioning that the data sources used by the coyrgoantheir
own ERP systems, their logistics service providegstems,
their suppliers’ inventory systems as well as samernal
transactional inventory system. With these datacssy they
are still having problems with getting all the shignt data into
their own data warehouses.

After spending the first two questions for undendiag the
interviewee’s major decisions areas, their decissoipport
methods, and the problems that his department fabes
concept of visual interactive simulation was bsiéfitroduced.
The interviewee's response reflected his awaremdésthe
existence of many simulation tools in the marketf, yhe
responded by stating that his company is curremit
depending on any visual simulations, particularly the
logistics function. He added by explaining that idiens
requiring simulations are very infrequent in thdepartment.
In such cases, they choose either to depend oergtugvith
strong IT background to perform different spreadshmsed
simulations or in some cases, they seek the assestaf
consultancies.

The interviewee first did not see the value norntked to
invest in a simulation tool. Yet, later on in thd@earview he
mentioned that there may be cases where simuldtiols
could be useful, yet costs as well as the complesitthe
simulation tools act as inhibiting factors. Finalas a closing
question, the interviewee was asked about hisdutterest in
testing a prototype that may illustrate more thefulsess of
using visual interactive simulations for supportisgpply
chain-related decisions and he responded positiwély his
interest to try it and provide feed-back.

B. Second Interview

In the second interview with the electronics businenit
manager of a logistics service provider, the follmgywvere the

a need to address issues such as whether theentgapacity
and work flow structure is capable of handling fetdemands
or not. For the interviewer, these are critical ahallenging

guestions. In spite of the fact that these questiare not
necessary typically strategic, yet it can be arghed capacity
planning is a tactical decision with a strategicpauct. In

elaboration to that point of view, the interviewstated that the
work environment is very dynamic with continuousacfes
and very demanding customers. Those customers, a0
continuously in search for optimizing their supphains.

In answer to the second question that was inquiaingut
their current methods of addressing the above meed
issues, he stated that they are using a sepamitdide data
warehouse (or a data mart) in which they storeticsl data.
Then, using spreadsheets, they try to forecast caficulate
some values that may help them in planning. Sdr thain
dependence is on reports and spreadsheet calogla¥et the
interviewee stated that he is not satisfied wite tturrent
methods as they are only dependant on basic cttnga
Furthermore, another negative aspect is that thgistics data
warehouse is not integrated with the financial degé@aehouse
that is in use.

As for the data preparation, the interviewee stalbed the
IT department is the main entity responsible fas thsk. This
is because there is no easy way to extract datatdpr
managers themselves, thus there is a need to depentre
technical-oriented people to do that task. The ruevee
pointed out that he considers this one of the waaikts of
their current methods, because despite the fadtttea IT
people are doing a great job, yet, it still conssmaluable
decision making time which could have been savethédfe
was an easy one-click, drag and drop way for mantgeo
the job by themselves.

Throughout the interview, the interview has beemiiy
out possible opportunities for applying simulati@ his
department. These opportunities mainly fall undecision
support in operations, but also some strategicsi®ts were
mentioned. In reference to the question of whatlvowake or
break such a simulation tool, the interviewee stateat a
barrier for adopting simulation at his departmeribi convince
a warehouse manager who has spent twenty yearns ijoth
that there is a better way of doing it. In orderdtw so, there
should be a clear added-value from using simulatizst
justifies to such managers the need for changeomtinuation
to what could make-or break a simulation tool, ititerviewee
stated that the number one requirement for theesscof a
simulation tool at his company is the ease of Heeexplained
that the ease of use is not only restricted tddbg but also to
the metadata that would describe what is reallylede¢o make
decisions and which kind of information a manageeds to
make a decision. He went on by saying that althdbghe is a
common assumption that the general managers dbkeato
use tools to get the results and information otir ten, it is
important to point out that if the manager was shdkat he

interviewee's answers. When asked about the sicategan drill down to the results he needs within sesoithen he

decisions that he encounters, he stated that Soe®there is
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would be willing to use such a tool. What the gaher managerial nature of the respondents being interde

managers really would like is to do the simulatiams their
own and not to ask the financial manager to dorittfiem and
get the results one day later, when it will notuseful to them
anymore. But, he added that if there is a needtfmga lesson
to learn how the tool works, then it will not beeds Finally,
when closing the interview, the interviewee waseaskbout
his willingness to test and give feedback on aqiype that
attempts to utilize visual interactive simulatidos supporting
supply chain- related decisions, he respondedawtés.

V. FINDINGS AND LIMITATIONS

The findings of the study suggest that the userofilgtion
for supporting supply chain related strategic denssis still in
its infancy. In spite of the fact that in literagurit has been
explicitly stated that “simulation is often regaddas the
proper means for supporting decision making on lsugipain
design” [23], yet in practice, the use of simulatiparticularly
visual interactive simulation is still not commoneither for
operational nor for strategic tasks. Nevertheldsse are a lot
of foreseen opportunities for successful utilizatioof
simulation in the field of SCM, as well as someuiegments
that managers believe are essential for the suamfessing
simulation as a decision support tool. During theot
conducted interviews, one strategic scenario wastified as
possible opportunity for the use of simulation, ethis the
SCM configuration planning.

There was a match between the study findings aedqurs
findings as regards to possible application ardasnaulation
for decision support. Broadly speaking, in all srés,
advanced planning was a common objective. Thusrdicep
to Chang and Makatsoris, using simulations couldfdued
useful as there is a possibility to test and evaluthe
performance of different plans prior to their attagecution
[5]. In addition to the relevance of the mentiorsegnarios to
planning as a broad umbrella term, when comparimg
interview results with the reviewed literature, thgportunities
described in both interviews greatly match some thod
opportunities explicity mentioned in literaturepeifically,
there was a reference in literature to optimizatiera possible
use of simulation, where there is an attempt tarégout the
environment configuration that yields a minimumnaaximum
value for a certain variable [12].

Moving on to analysing the requirements gathered
ensuring successful use of visual interactive sithuhs with
Bl for decision support, there were mainly two icet
requirements referred to in the second intervievhese
requirements are namely, ease of use as well &sspiged of
performance. The ease of use requirement matahgisgds in
literature where there was a focus on interfacekiity as a
focal feature in judging simulation tools [20].

It is is important to note that compared to somethedf
requirements and feature lists found in literatuhes results
were very broad, looking at technology as a blawk Without
going into technical details. This was particuladiye to the

Moving on to the combined utilization of Bl capatids along
with simulation capabilities, it is worth mentioginthat
throughout the interviews, no explicit referencehe term Bl
was made. This was intended so as to avoid theofise
buzzwords that could be interpreted differently different
contexts and by different people. Thus it was leftthe
researcher to carefully interpret the interviewsnscripts to
find out whether the use Bl was possible in coatiom with
simulation. This was noted in the second intervielen the
interviewee referred to the use of historical dpaaticularly
from their data warehouses to support long ternulsitions.
Reference to the data warehouse and historical dais
considered an implicit reference to Bl since actwydto
Balaceanu, the data warehouse is the core of the BI
environment [1].

The major limitation of this study is the inabilitjo
generalize the findings to a broader populations Timitation
is caused by many reasons inherited in the research
methodology. First, the number of interviewed mamagvas
limited only to two due to restrictions on the agsibility to
information as well as limited time span. A secoadson for
the limits on generalizability of this study is tfect that the
study was qualitative, thus, it cannot be extenttedarger
populations with a high degree of certainty asaswot tested
statistically to prove its significance. Furthermpas regards
to the collected data, there were some limitatighat
restricted the ability to draw more detail-rich ctusions. First
of which was that in spite of the fact that both thie
interviewed managers had some foundational technica
background, with the second one more oriented tdsvar
computer science, the ability to collect techniejuirements
was not possible, that is why the study focusedopnlevel,
abstract, managerial requirements.

¢ VI.

This section presents the development of a sinidiased
Bl-extension as the second step of this researtierevthe
findings from the literature review as well as frothe
empirical study are used to design a prototypical
implementation. The goal of the prototype is to destrate
the feasibility of such an approach as well as valuate
further research areas in this area.

fo As shown above, there is a need for strategic iecis
support in supply chain configuration with the adaf
simulation. The prototype is built to demonstréte teasibility
of supporting the decision making process of supgigin
managers, concentrating on the following two qoesti

- number of warehouses from cost and strategiqpetive

- location of warehouses from cost and strategic
perspective

Therefore the following scenario is assumed: thpplu
chain manager works at a manufacturing companyctwhi
produces goods at only one location. All goods #ren
delivered to customers by third party service pievs.

PROTOTYPICALIMPLEMENTATION
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Therefore yearly contracts are negotiated on thee lmd a
weight — distance matrix. This means that servicevigers
offer shipments calculated by weight and distahtaddition,
the company has service level agreements withuissomers
which guarantee a 24 hour shipment. The company l&@s
the possibility to rent warehouses for yearly rggas initial
costs) at different locations. With these warehspuste
company could possibly save money by sending ombied
shipment to the warehouse and distribute this antmmber of
smaller shipments to nearby customers. The optiroast of

such a supply chain configuration would have to be

determined by trying out various possible setupking into

account the number of warehouses, the short distdelivery
costs, the long distance warehouse supply cosiebhas the
warehouse rental costs. Therefore the input datattie

prototype are customer locations, the orders, vtelgtance-
cost tables from the service provider as well aseheuse
costs (rent and initial costs). The historical ordita is
provided by the business intelligence environmé&igure 3

(top) shows the prototypical implementation of tata. Part
of this screen also shows the chosen number ofhwases as
well as the calculated costs (total/year). It labe mentioned
that the prototype calculates the locations ofwheeshouse by
a K-Means Clustering Algorithm. The
customers and the optimal locations of the wared®ase also

displayed on a map (cf. Figure 3 bottom).

The next version of the prototype will contain ateractive
surface which allows the manager to drag and draRouses
at particular locations, given strategic consideret Also the
manager would have the opportunity to simula&enados,
like increasing the importance of certain regiomsswategic
motivated locations for warehouses. The major beagsuch
an interactive simulation environment is that thgpartunity
costs can always be compared to the optimal costs.

First reactions to the current prototype show thitkind of
decision support seems to be very welcomed by nesaghe
next step is an evaluation including a larger numbégé
companies. Thereby the generalizability of the aequ
results, with a particular focus on logistic seevigroviders,
should be improved. Furthermore, a more diversepkam
should be included in testing this future prototyweh a
combination of representatives from IT departmeastsvell as
management.

location of the

{3 Warehouse Costs Calculation
Drder History Information
Browse the customess” oides history v, cv lomall

C:\databbestelungen cov

Browse

Selecl enpected demand size
© Low demand @ Average demand ) High demand
Curstomer Locations
Browse the customess® locations fle (i .csv format]
Ci\data\nachhageotts cev

.....

Defvedy Coste Information

pice sheet of [ .c3v format)

Ch\data\priceShest cav

‘Waishouses
Numbet of dested warehouses. 3

Calculatsd Costs
Weekly costs with no warehouses: 12416.1550236692
Weeklycosts wilh 3 warehousels] 10522,6740583708

Annual warchoure costs (initial setup + weekly rent) 69300

Anusl cost savings (il 3 warehousels] were used) 26561 0101643150

Calculsle

SR KT 0K NN
O, I

Europe 7Countrias-

Fig. 3 Prototypical implementation

VIl. CONCLUSION

The complexity and dynamism in today’'s business
environment is continuously increasing at a vesf face, that
is driven by the increasingly fierce competitiontive global
world. This demanding environment has created al riee
innovative solutions that would support decisionkera in
their increasingly challenging tasks. Using visugkractive
decision simulation as a decision support tool wiltie
utilization of historical data analysis from Bl wasen as an
attractive solution that can present valuable opmities to
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decisions makers. Thus, the purpose of this stualy w dig
into these possible opportunities and eventualycdefor the
essential features that would ensure the succasssadttempt.
However, the results of this study have revealat tising
visual interactive simulations is still under-deséd and
requires efforts from both the IT and managemerdrier to
allow for successful utilization. Thus, regardledsthe fact
that literature is rich in examples of possible appnities of
using simulations for supporting decision makingignagers,
more practical demonstrations should be provideddoagers
so that they can visualize and experience the bentfat
simulations can bring about, where constructivedifeek

could be collected from both management and teahnic

representatives that would eventually enable ssfdes
introduction of simulations as an integral part 8f
applications in the market.
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