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Abstract— In the previous work we developed the web-based
OLAP (On-line Analytical Processing) integrated with the data
warehouse for hotspot data in Indonesia. This work aims to
develop a visualization module for hotspot clusters resulted from
OLAP operations including roll up and drill down. The data
warchouse consists of hotspot data represented in
multidimensional model with two dimensions: fime and location.
In the dimension time, the ordered sequence of elements from the
higher-level of hierarchy to the lowest is from year, quarter, to
month. Whereas, the sequence in the dimension location is from
island, province, to district. The clustering algorithm we applied
was K-means in which the best clustering was obtained for the
size of cluster 4 with average value of SSE (sum of square error)
0.2944 for combinations of elements in the dimension trime and
location. Hotspot clusters are visualized in form of maps in
addition to crosstabs and graphics built in the previous work.
The map module in the web-based OLAP can be used to better
organize and analyze the hotspot data as one of indicators for
forest fires occurrence in Indonesia.

Keywords— Web-based OLAP; Data Warehouse; Clustering;
K-Means; Hotspot.

I.  INTRODUCTION

orest fires in Indonesia is considered as regional and

global disaster. This phenomenon causes many negative

effects in various aspects of life such as natural
environment, economic, and health. In order to minimize the
damage due to forest fire an early warning system as one of
the activities in fire prevention needs to be developed. In the
previous work the web-based OLAP (On-line Analytical
Processing) integrated with the data warehouse was developed
to manage hotspot data as one of indicators of fire occurrences
in Indonesia. Data warehousing is a collection of decision
support technologies, aimed ut enabling the knowledge worker
(executive, manager. analyst) to make better and faster
decisions [2). Data warchouses support decision making in
which historical, summarized and consolidated data is more
important than detailed, individual records. To facilitate
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data analyses, summarization, and visualization, data
warchouses are usually integrated with OLAP applications.
OLAP applications are different from those of the on-line
transaction processing (OLTP) applications traditionally
supported by the operational databases. OLAP applications
can support decision makers in analysis of enterprise data.
The effectiveness of this analysis is related to the ability to
describe and manipulate data according to different and often
independent perspectives or “dimensions” [2]. OLAP
technology provides interactive graphical user interface that
allow the user 1o summarize and to view data. The integration
of data warehouse and OLAP technology can better organize
and analysis the massive data and provide a basis decision-
making supporting.

The web-based OLAP for hotspot distribution in Indonesia
provides summary for hotspot data. Information concerning
hotspot as one of indicators of fire occurrences will be
available for the users for strategic decisions in forest fire
control. The users can perform the OLAP operations such as
drill-down and roll-up via a web browser. The system has
some features [5]:

* The system can be applied to other databases, data

cubes, and dimensions, not limited to hotspot data,

*  Crosstabs and graphs in form of bar plots and pie plots
allow the users to analyze the hotspot distribution data
in regions in Indonesia for a period of time such as
yearly, quarterly, and monthly.

*  The users can explore the data in diffcrent hierarchies
on dimension time and location by executing OLAP
operations roll-up and drill-down.

¢ The system has the dimension filter to select elements
of dimension that will be displayed in the x-axis and
the y-uxis.

The web-based OLAP adopts the star scheme [4] in
developing the data warehouse. The data warchouse contains
one fact table, two dimensions: location and time, and the
measure is number of hotspot. The hierarchy on the



dimension location is district = province > island. The
hierarchy on the dimension time is month = year. The data
warchouse is then integrated to the OLAP application [5].

In this work, we develop a new additional module to
visualize the clustering results of OLAP operations in form of
maps, The module will be integruted to complete crosstabs
and graphs that are available in the system.

I K-MEANS CLUSTERING

Clustering is a process of grouping data into classes or
clusters, such that objects within a cluster have high similarity
in comparison to one another but are very dissimilar to objects
in other clusters [4]. Clusters similarity and dissimilarity
measures are assessed based on the attribute values describing
the objects. K-Means is a partitional-clustering algorithm that
assigns data objects into non-overlap clusters in which each
object is exactly in one cluster. Square-error, also called
within-cluster variation, 1s a common used criterion in
partitional-clustering. The squared error for a clustering £ of

4 pattern set A [xy, ... X, ) (containing K clusters) is
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where x{" is the i* pattern beloging to the j* cluster and ¢;is the
centroid of the j* cluster [6]. The K-means is the simplest and
most commonly used algorithm employing a squared error
criterion. Figure 1 gives the steps in K-Means algorithm [10].
Each center of clusters is represented by the mean value of
objects in the cluster.

Input: K: the number of clusters, D: a data set containing n objects.
Output: A set of K clusters that minimizes the square-error criterion.
Method:
(1) arbitrarily choose k objects from D as the initial cluster
centers;

(2) repeat

(3) (re)assign each object to the cluster to which the object
is the most similar, based on the mean value of the
objects in the cluster;

(4) update the cluster means, i.e., calculate the mean value
of the objects for each cluster;

(5) until no change;

Fig. 1. K-Mcans algoithm [ 10],

The clustering algorithm K-means has been widely applied
in many areas including in forestry and agriculture. K-means
has used to cluster village potential data especially those
which related to agriculture in Bogor, West Java in 2006 in
which the clustering results are displayed in form of maps [9].
Prasad and Ramakrishna (2008) in [7] have applied the K-
means, and fuzzy logic in the determination of spots at the risk
of forest fire from spatial data. They proposed a novel system
for identifying forest fires autonomously from digital satellite
images of spatial data. This work formed the fuzzy rule base
for detection of forest fires from spatial data with the presence
of fires. In the work of Akyiirek (2005) fuzzy sets and fuzzy

logic algebra were used in mapping the fire risky areas on a
regional basis for Turkey [1). Three membership functions
were used in the evaluation of the long term forest fire risk.
Forest fire data (burned areas) from 1997 to 2004 was used
for the K-means clustering in order to determine the fuzzy
membership functions. Zammit et. al. (2007) in [11] applied
K-means, K-ncarest neighbors, classical Support Vector
Machines (SVM) and the combination of K-means and SVM
10 discriminate burnt from unbumt areas from fire sawellite
image (SPOTS).

In this work we cluster the result of OLAP operations from
the Hotspot data warehouse. Clustering was performed based
on the queries provided by the users. Users may select the
element of dimension time and location to run the drill-down
or roll-up operations. For example, users need hotspot
distribution in a particular element of dimension time, X, and
element of dimension location, Y. The dataset for clustering is
the crosstab containing number of hotspot in which the
clement X represents row and the element Y represents
column. Number of hotspot were grouped in four clusters:
Cluster0 (low), Cluster] (medium), Cluster2 (high) and
Cluster3 (very high) with random seed (s) 5, 10, 15, 20. The
best clustering was obtained for the size of cluster 4 and
random seed (s) 5 with average value of SSE (sum of square
error) 0.2944 for combinations of clements in the dimension
time and location.

III. CLUSTERING VISUALIZATION IN WEB-BASED OLAP

The work of Hayardisi et. al. (2009) in [5] adopts the
warehousing architecture proposed by Chaudhuri and Dayal
(1997) [3]. We created an additional module in order to
visualize the clustering result of OLAP operations in form of
maps. The system has three layers as shown in Figure 2.

Fig. 2. Architercture of the system.

In the bottom layer, relational databases and Ms. Excel files
are integrated to construct the datu warehouse.  In the middle
layer OLAP server was implemented using Palo 2.0. Other
important modules in this layer are Apache web server and
Map Server that are needed to develop the web-based OLAP
system. Clustering was performed using WEKA versi 3.5.7,
then the results were stored in the top layer. The top layer is a
front-end client layer which provides facilities for
summarization and displaying results of OLAP operations.
The results are visualized in forms of crosstabs graphs, and



maps. The web-based OLAP development was implemented
using PHP, Palo PHP API, and javascript [5]. The system
used an additional library in SDK Palo 2.0 package (version
200801 18_1000) to connect PHP with the OLAP Server Palo
[5). Palo Excel Add-in 2.0 was used to manage the hotspot
data cube. Palo Excel Add-in 2.0 is a cell-related database
that is multidimensional, hierarchical and memory-based [8).
In Palo, a cube is a collection of cells, which are defined by
(wo or more dimensions.

The clustering visualization module adopts the system
developed by Sitanggang et. al. (2008) in [9]. The system
presented K-Means clustering results on agriculture potential
data for villages in Bogor using Map Server For Windows
(msdw) 2.3.1, Chameleon 2.4.1 as the framework, the map file
as the configuration, php modules and html files as the
template [9]. The Map file saves the configuration of the
application consisting of map size, map color, shp file path,
dbf file path, type and format of the letter used. Template
stored in html files contains some components provided by
Chameleon for visualization purposes. They are mapDHTML,
KeyMap, ZoomIn, ZoomOut, PanMap, Recenter,
ZoomAllLayers, Extent, Query, The php module is used to
view clustering results for each cluster.

There are some components in the visualization page i.e.
maps representing clusters in different color, legend, map
navigation lools and clustering information. Map navigation
tools are zoom in, zoom out, recenter, pan, map unit, left
extent, right extent, top extent, and botrom exteni. Mouse x and
mouse y indicate pointer location on the map.

The visualization module was integrated with the web-
based OLAP system by connecting web server Apache and
Map Server [5]. We modified the module olapCrosstab.php
and index.php in the system by adding facilities for the
dimension rime and location selection [5). Users may select
the element of time including Year, Quarter, and Month. The
elements of location are limited to Island and District,

In addition to features in the previous system the
visualization module provides the following facilities:

1. Time and location filter for visualization

2. Clustering hotspot data resulted from OLAP operations

3, Map and data detail to display clustering results

developed based on the work of Sitanggang et. al
(2008) in [9].

IV, OLAP OPERATIONS

The OLAP operations that available in the system are roll-
up and drill-down. Hotspots distribution in various locations
and time are presented to users in form of crosstab, graph, and
maps. The main page of the system is shown in Figure 3.
The users may select the cube containing hotspot data. The
dimension time and location are selected for a particular
hierarchy level as a row or a column of the crosstab. The
filter menu facilitates the users to display the summary or
graphs for an element of selected dimension.

Ulap Tools for Hotspot Data
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Fig. 3. Main page of the web-based OLAP.

The crosstab in Figure 3 displays number of hotspot for all
islands and the period 2000 ~ 2004. Users may select bar and
pie plots to view the summary of hotspot data. For cxample,
Figure 4 shows the pie plot for the hotspot distribution for all
istand in 2000. In addition to crosstab and graphs, maps are
available to users to visualize the clustering results of hotspot
data. Figure 5 presents the map for hotspot clusters for all
provinces in Indonesia in 2000, The drill-down operation on
the dimension location can be performed to view hotspot
clusters for Kalimantan Island in 2000. The such map is
presented in Figure 6.  Figure 7 shows the bar graph for the
result of drill-down operation, where the clement of dimension
time is the year 2000 and the element of dimension location is
the Kalimantan Island.
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Fig. 4. Pie plot for hotspot distribution for all island in Indonesia in 2000.

d

g'l.. LR

.

T

S - - -
el - 0 . o
A -y AT L hbiien

Fig. 5. Map for clustering results of hotspot data for all provinces in
Indonesia in 2000
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Fig. 6. Map for clustering result of hotspot data for Kalimantan Island in
Indonesia in 2000.

Fig. 7. Bar graph for hotspot distribution in the Kalimantan Island in 2000.

The dimension fime can be further drilled down to the level
Quarter | in 2000 as shown in Figure 8,
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V. CONCLUSION

The web-based OLAP for hotspot distribution in Indonesia
integrated with the hotspot data warehouse provides the users
hotspot summary and visualization for decision making related
to the forest fires. Users may explore the hotspot data in
different hierarchies on both dimension time and location by
applying roll-up and dnll-down operation. The results are
represented in crosstabs and graphs (bar plots and pie plots).
In addition to crosstabs and graphs, the system also visualize
hotspot clusters for some combinations of elements in the
dimension time and location in form of map. K-means was
applied to group the hotspot data. The best clustering was
obtained for the size of cluster 4 with average value of SSE
(sum of square error) 0.2944. The map module in the web-
based OLAP can be used to better organize and analyze the
hotspot data as one of indicators for forest fires occurrence in
Indonesia,
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