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Abstract—Most of the SMEs in the batik industry were only
concerned about the price offered and the quality of the raw
materials. Of course, price offered and quality were still the
important criteria, but knowing the location of suppliers who
can provide the desired price and quality were also important
and this can reduce the cost of production. Internet

Geographical Information Systems (GIS), therefore, is a tool of

great inherent potential for SMEs in the batik industry
choosing the supplier of raw material. The spatial modelling
offered by GIS is directly applicable to understanding the

location of each supplier and, and its relationship to cost of

delivery. In this study, the proposed GIS for supplier selection
is developed through the Software Development Life Cycle
(SDLC) methodology; whereas, architecture of information
systems is described in the form of Use-Case Diagram, Context
Diagram, and DFD, and database design is described in the
form of ERD. Thus, alpha test and beta test are conducted in
order to verify that the proposed GIS satisfies the specified
requirements.

Index Terms—cost of production, geographical information
systems, SMEs in batik industry, supplier selection

I. INTRODUCTION

NE of the key essential elements to supply chain

success is an effective purchasing function because it is
can significantly reduce the purchasing costs in
manufacturing firms[1]. Effective purchasing enhances
efficiency and competitiveness among other benefits, but to
realize these benefits, it is imperative to select and maintain
competent suppliers [2]. According to [3], firms cannot
successfully produce low cost, high quality products without
judicious selection and maintenance of a competent group
of suppliers. However, many factors affect a firm’s ability to
choose the right supplier. There is a need for understanding
of the supplier selection criteria. Reference[4] introduced 23
supplier selection criteria in his publication in 1966. The
study was enhanced by [3] by reviewing 74 publications
from 1966 to 1990. Reference [5] compares Dickson and
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Weber study, and summarized new supplier selection
criteria from the study of 49 articles from 1992 to 2003. In
practice, there could be several criteria used by a firm in its
supplier selection decision, such as the price offered, part
quality, on-time delivery, after-sales services, supplier
location and supplier’s financial status. Apparently, supplier
selection is a multi-criteria problem that includes both
quantitative and qualitative factors. It is necessary to make a
trade-off between these tangible and intangible factors while
considering a suitable supplier [6].

This study will focus on one of criterion for supplier
selection, e.g. geographical location of the supplier.
Geographical location is a preferred criterion as it will
decide whether to engage a local or distant supplier which
will ultimately have an impact on purchasing costs of raw
material. Related to the geographical location of suppliers,
SMEs in the batik industry began to realize the impact of the
location of the supplier on the cost of delivery raw
materials. In the past, most of the SMEs in the batik industry
were only concerned about the price offered and the quality
of the raw materials. Of course, price offered and quality
were still the important criteria, but knowing the location of
suppliers who can provide raw material with desired price
and quality were also important and this can reduce the cost
of production [7]. Batik is “wax writing”, a way of
decorating cloth by covering a part of it with a coat of wax
and then dyeing the cloth. It is a technique of covering the
parts of fabric which will not receive the color. The waxed
areas keep their original color and when the wax is removed
the contrast between the dyed and undyed areas forms the
pattern [8].

The purpose of this paper is to develop the application of
Geographical Information Systems (GIS) as a decision
support system in analyzing geospatial data in the supplier
selection in batik industry. These in turn help to identify the
nearest supplier of a particular raw material in a particular
geographic area, so the SMEs can get the minimum cost of
delivery. A GIS is a computer based system capable of
capturing, storing, analyzing, and displaying geographically
referenced information; that identified according to location.
A GIS is used for mapping and analyzing spatial data [9].
More detail, this study aims to: (i) analyze the requirements
of batik industry on information system related to geospatial
information about suppliers of particular material; and (ii)
design, build, and test a geographical information system
that can be used to provide geospatial information about
suppliers of particular material. The rest of the paper is
organized as follows. We give the relevant literature about
GIS and Google Map API. This is followed by methodology
of research which includes the steps of application
development. Then we present the result ofanalyzing the
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requirements of batik industry on GIS and the result of

application development in the next section. Finally, we
conclude the paper with a summary of the findings and
limitation of the study.

II. LITERATURE REVIEW

A. Geographical Information System

Business requirements for information systems are as
diverse as the many types of businesses that exist.
Nevertheless, most organizations use information systems
for one or more of five applications: transaction processing,
operations, inventory control, planning and decision-
making, and internal management and control. Geographical
Information Systems (GIS) can be used for these functions
because this technology possesses capabilities that are
common to traditional a spatial information system. In
addition, GIS also possess characteristics that provide them
with capabilities that are not present in other information
systems [10]. GIS and related geographic information
technologies are increasingly becoming critical tools for
addressing logistic and transportation problems. In this
context, GIS is used both as a platform for supporting
decision modeling activities and as a tool for displaying the
results of these analyses [11].

GIS a promising branch of Information Systems (IS)
[12].The use of GIS has recently become popular [13], [14],
[15], [16], [17]. The first definition of the term GIS as a
decision support system was made by Cowen [18]. A GIS is

a decision support system involving the integration of

spatially referenced data in a problem-solving environment
[18]. Another definition made by Christiansen ten years
later was like a synthesis of older definitions. A GIS is a
system, consisting of hardware, software, data, procedures
and a proper organizational context which compiles, stores,
manipulates, analyses, models and visualizes, spatial data, to
solve planning and management problems [19].
Fundamentally, a GIS is a tool for linking attribute
databases with digital maps. GIS also provides users with
advanced modeling functions, tools for design and planning,
and advanced imaging capabilities. While many of these
capabilities also exist in other types of systems, such as
visualization and virtual reality systems, GIS is unique
because of their emphasis on providing users with a
representation of objects in a cartographically accurate
spatial system and on supporting analysis and decision-
making [20].

Typically, GIS datasets come as layers —there can be a
layer for rivers, a layer for roads, and a layer for zip codes —
all within a particular geographical boundary. A layer may
consist of one or more features, which include points, lines,
or boundaries. The various layers are superimposed to
create a meaningful map. Each GIS layer has two views: a
map view and a data view. The map acts as a visual
representation of data, and a particular attribute of the
dataset can be displayed on the map. The data view can be
used to create a smaller dataset (or map) from a large dataset
using a query tool [21].

B. Google Map API

According to [22], since the emergence of the internet in
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the 1990s, there has been a paradigmatic shift in all aspects
of GIS. Internet GIS is a research and application area that
utilizes the internet to facilitate the access, processing, and
distribution of geographic data and spatial analysis
knowledge. The internet has affected GIS in three major
areas: GIS data access, spatial information dissemination
and GIS modelling/processing [23]. It has increasingly been
recognized that future developments in GIS will canter on
internet GIS [24], [23]. Access to and transfer of spatial data
over the internet are the first steps toward true internet GIS
and the use of Google Maps API (Application Programming
Interfaces) has been shown to have great potential as GIS
software for developing Internet GIS solutions [22]. The
GIS software is a fundamental and critical part of any
operational GIS. The GIS employed in a GIS project has a
controlling impact on the type of studies that can be
undertaken and the results that can be obtained. There are
also far reaching implications for user productivity and
project costs [25].

Google Maps is a free web map server application and
technology provided by Google that powers many map-
based services. The user can also control the map with the
arrow keys to move to the desired location. To allow for
quick movement, the "+" and "-" keys can be used to control
the zoom level. Users may enter an address, intersection or
general area to quickly find it on the map. Google Maps
offers three viewing modes by default: Map (Street map
views), Satellite (satellite and high-resolution aerial
photographs) and Hybrid (Street maps overlaid on satellite
and high-resolution aerial photographs) [26]. To use Google
maps, the first step is doing registration to get the API key
from Google that will be used in the program code.
Registration can be done through http:/www.google.com/
apis/maps/signup.html. It would be better if a programmer
has to know web programminglanguage, such as HTML,
XML, and Java Script because JavaScript is the native
language of Google Maps and Google Maps is built of
XHTML (Extensible HTML), formatted with CSS
(Cascading Style Sheet) [27].

III. METHODOLOGY OF THE APPLICATION’S DEVELOPMENT

A software development methodology is a collection of
procedures, techniques, tools and documentation aids which
will help the systems developers in their efforts to
implement a new information system [28]. The software
development lifecycle is part of the software development
methodology. The Software Development Lifecycle
(SDLC) is a process that involves the building of a software
product. It describes the life of the product from its
conception to its implementation, delivery, use, and
maintenance” [29]. With this SDLC model, the process of
software development is made in increments, through a
series of different releases. When the product is launched,
when it has its first increment, it is ready for consumer use.
Then, according to the clients’ response to the software,
new increments are made to improve the product. The
increments will continue to be added, until the completion
of the final product [30]. SDLC methodology or process
is divided into some phases such as  Requirement
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Analysis, Design, Coding, Testing, and Maintenance [31,
32].

There are some tools used for design the application, i.e.
Use-Case Diagram, Context Diagram, Data Flow Diagrams,
and Entity Relationship Diagrams. A Use-Case Diagram is

derived from use-case study scenarios. It is an overview of

use cases, actors, and their relationships of communication
to demonstrate how the system reacts to requests from
external users. It is used to capture system requirements
[33]. The Use-Case diagrams separate the system into actors
and use cases. Actors represent roles of the users of the
system. These users can be humans, other software systems,
other computers or pieces of hardware. The Use—Case

Diagram is a very useful tool for describing the behavior of
the system. This behavior is described in a textual manner

[34].
A Context Diagram is a data flow diagram of an
organizational system that shows the system boundaries,

external entities that interact with the system and the major

information flows between the entities and the system [35].
The context diagram shows the overall business process as
just one process and shows the data flows to and from
external entities. The context diagram is further decomposed
into the lower-level, and each process on the level can be
decomposed into more explicit Data Flow Diagrams (DFDs)
[36].

DFDs is a tool that uses various symbols to show how
data moves through an information system but does not
show program logic or processing steps [37]. According to
[38] they are often used in the preliminary design stages to
provide an overview of the system. A set of DFDs provides
a logical model of what a system does. When it comes to
conveying how data flows through system and how that data

is transformed into the process, DFDs are the method of

choice over technical descriptions for three principle
reasons, i.e.: DFDs are easier to understand by technical and
non-technical audiences, DFDs can provide a high level
system overview, complete with boundaries and connections
to other systems, and DFDs can provide a detailed
representation of system components. In process modeling,
the highest-level of data flow diagram is known as the
context diagram [39]. DFDs is composed of various levels,
each elaborates on the level superseding it such as: level 0,
this level is concerned with identifying the source and sink
of data that describes the inputs and outputs of a system at
its entirety; level 1, this level identifies the basic functional
elements of a system and thesequence of their interaction;
level 2, identify the sub-components of each functional
element identified in 1 and their organization; and level n,
identify the building blocks of sub-components defined at
leveln-1[40]. DFD symbols consist of four symbols which
are processes, data flows, data stores and external entities
[41]

Entity Relationship Diagram (ERD) is one of the main
tools used in software design process. This representation
enables software engineers to understand system data
requirements at a more comprehensive level [42]. Entity
relationship diagrams (ERD) are widely used in database
design and systems analysis to represent systems or problem
domains. The ERD was introduced by Chen [43] in early

ISBN: 978-988-19253-4-3
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

1976. Information system designers need to understand the
ERD notations to perform tasks for information system
analysis and design, for schema integration and
manipulation, for reverse engineering, and also for
maintenance of current systems [44], [45]. The basic
components of the ERD are entities, properties of entities
called attributes, and relationships between entities.

IV. RESULT

A. Analyze the Requirements of Batik Industry on
Geographical Information System

The prime concern during any supplier selection
system by SMEs in batik industry is the availability of
the spatial information. Internet GIS which facilitated by
Google Maps can play a key role in this aspect by
providing the shortest location of supplier for raw material.
There is a number information or database needed by
internet GIS which facilitated by Google Maps, i.e.
information about each SME (name of SME, location, type
of batik produced, e-mail address, phone number), raw
material (fabric, dye, wax), information about each supplier
(name of supplier, location, e-mail address, phone number),
delivery costs in accordance with the type of transport that
will be used, as well as the amount of particular materials to
be transported.

Procedures for the supplier selection based on the most
minimal delivery costs can be explained as follows: (i) the
users will see a map of Central Java and Yogyakarta; (ii)
the user determines point of the location as the destination
of delivery of raw materials; (iii) the point of destination can
be selected through the menu if the SMEs has been
registered in the database; (iv) the user selects the type of
raw material and fill the amount of raw materials to be sent;
(v) the users will see the delivery path of each suppliers that
sell ttese types of materials to be purchased; (vi) the system
will display information about the delivery cost of each
supplier based on type transportation which is used to make
deliveries

B. System Design and Coding

Architectures of Information Systems

Architecture of information systems is described n the
form of Use-Case Diagram, Context Diagram, and DFD.
The Use-Case Diagram that depicts the activity of the
system and those who carry out the activity on the system
(or the actors) can be seen in Fig 1 and its descriptions can
be seen in Table 1; thus, the Context Diagram that shows
the system boundaries, external entities that interact with the
system and the major information flows between the entities
and the system can be seen in Fig. 2.

Thus, the context diagram is further decomposed into the
lower-level, and each process on the level can be
decomposed into more explicit Data Flow Diagrams (DFDs)
evel 1, DFDs level 2, and DFDs level 3 (see Fig. 3, Fig.4,
and Fig. 5). DFD level 1 will describe the processes
contained in the GIS of supplier selection of raw material in
batik industry, namely login, management of information,
and the calculation of delivery costs. Thus, DFD level 2 will
describe the details of the process of the management
information contained in the DFD level 1; whereas, DFD
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level 3 will describe the detail process of edit data of SMEs

or suppliers.

Suppliers

U Information about
N SMEs/Supplier
User

Edit data of SMEs/

GIS of Supplier Selection of Raw

Material in Batik Industry

Validation

data of SMEs/
Suppliers
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Input data of SMEs/
Suppliers
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Fig. 1. The Use Case Diagram of proposed information systems
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Fig. 3. The DFD Level lof proposed information systems
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Fig. 2. The Context Diagram of proposed information systems

DatabaseDesign

The ERD assists the database designer in identifying the
data and the rules that will be represented and used in a
database. Thus, the ERD of the proposed information
systems can be seen in Fig. 6.
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Fig. 4. The DFD Level 2 of proposed information systems
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Fig. 5. The DFD Level 3 of proposed information systems

Interface Design

The user interface is the aggregate of means by which
people (the users) interact with a particular machine, device,
computer program, or other complex tool (the thing). The
user interface provides (the) means of: Input, allowing the
users to control the system; (and) Output, allowing the
system to inform the users (feedback) [46]. Some display of
user interface belongs to the GIS forsupplier selection in

batik industry can be seenin Fig 7.
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Fig. 6 The ERD of proposed information systems

‘Sestem informas Geogradis industri Batik Jawa Tengah

Fig. 7 The interface for inputting data of location and raw material needed
(type and amount)

C. Software Testing

Software testing is the process of exercising a product to
verify that it satisfies specified requirements or to identify
differences between expected and actual results [46]. This

proposed information system (GIS for supplier selection of

raw material in batik industry) will be tested by alpha and
beta testing. The aims of this testing is to uncover errors that
only the end-user seems able to find. The alpha test is
conducted at the developer's site by a customer. The

software is used in a natural setting with the developer

"looking over the shoulder" of the user and recording errors
and usage problems. Alpha tests are conducted in a
controlled environment. The beta test is conducted at
one or more customer sites by the end-user of the
software. Unlike alpha testing, the developer is generally

not present. Therefore, the beta test is a "live" application of

the software in an environment that cannot be
controlled by the developer. The customer records all
problems (real or imagined) that are encountered during

beta testing and reports these to the developer at regular

intervals. As a result of problems reported during beta
tests, software engineers make modifications and then
prepare for release of the software product to the entire
customer base [47].

Alpha testing will be done using black-box testing. Black
box testing also called behavioral testing, focuses on the
functional requirements of the software. That is, black-
box testing enables the software engineer to derive sets
of input conditions that will fully exercise all functional
requirements for a program [49]. The result of alpha testing
with black-box testing indicates that the all functions
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contained in the GIS for supplier selection of raw material
in batik industry have been running properly, in accordance
with the design. It means, all the functions of the GIS has
been successfully used and did not experience an error; if
there is an error, this is caused by users who do not provide
right input. Functionally, the GIS for supplier selection can
produce output as expected by the user. After beta testing,
the user evaluation results regarding software system
performance were summarized as follows: (i) the proposed
GIS has a good user interface and easy to understand; (ii)
users can easily follow the instruction, i.e. login to the
system, search data in the system; (iii) the system was
capable of generating information required by the users, i.e.
type of raw material provided by suppliers, as well as their
location as shown in the map.

V. CONCLUSION

Development of an internet-based GIS for supplier
selection of raw material in batik industry is presented in
this paper. The spatial modelling offered by GIS is directly
applicable to understanding the location of each supplier
and, and its relationship to cost of delivery.SDLC
methodology is used as a tool for GIS development. Thus,
architecture of information systems of the proposed GIS is
described in the form of Use-Case Diagram, Context
Diagram, and DFD; whereas, database design is described
in the form of ERD. Alpha test and beta test are conducted
in order to verify that the proposed GIS satisfies the
specified requirements. The result of alpha testing with
black-box testing indicates that all functions contained in
the GIS for supplier selection of raw material in batik
industry have been running properly, in accordance with the
design. The result of beta testing was summarized as
follows: (i) the proposed GIS has a good user interface and
easy to understand; (ii) users can easily follow the
instruction, i.e. login to the system, search data in the
system; (iii) the system was capable of generating
information required by the users, i.e. type of raw material
provided by suppliers, as well as their location as shown in
the map.

The major limitation of study on the designof GIS for
supplier selection in batik industry is that this study didn't
consider the road and traffic condition. So, further research
should include the condition of road and traffic as some
factors which have significant impact to lead time of
delivery, which in turn affect the cost of delivery. It is
necessary to make sure that proposed GIS can be used by
SMEs batik. In this case, the government as a regulator,
must encourage the SMEs uses GIS through conduct a
training about using the software and providing some
facilities such as computers and the Internet which can be
used by SMEs to run the software.
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