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Abstract— The widespread adoption of sensor-enabled and 
mobile ubiquitous devices has caused an avalanche of big data that is 
mostly geospatially tagged. Most cloud-based big data processing 
systems are designed for general-purpose workloads, neglecting 
spatial-characteristics. However, interesting analytics often seek 
answers for proximity-alike queries. We fill this gap by providing 
custom geospatial service layer atop of Apache Spark. To be more 
specific, we leverage Spark to design a custom spatial-aware 
partitioning method to boost geospatial query performances. Our 
results show that our patches outperform state-of-the-art 
implementations by significant fractions. 

Keywords—spatial data; smart city; boundary spatial objects; 
co-locality mining, density-based clustering. 

I. INTRODUCTION 

The last two decades or so have witnessed an accumulation 
of smart city and Industry 4.0 big data that are mostly geo-
referenced. This mass of data is better known as big spatial 
data and is exploited for wide spectrum of applications, 
including participatory healthcare [1] and city planning [2]. 
Batch-processing systems are not designed to process this data 
avalanche. A point that has motivated the emergence of parallel 
computing ecosystems such as MapReduce [3] (and its 
variations) and MongoDB [4] for big data storage management 
(but including processing capabilities). Two entwined aspects 
that stand out in this context are data partitioning and query 
processing. Those are interlinked in such a way that query 
processing (as an access pattern) heavily depends on the way 
data is partitioned within the underlying parallel computing 
environment. Partitioning can be loosely defined as dispatching 
data loads to various cloud computing elements in a manner 
that respects some predefined constraints such as sending 
roughly equal data subsets to each processing element which is 
better known as load balancing in the relevant literature. While 
this works typically well for general-purpose non-geotagged 
workloads, it might perform worse for spatial workloads 
because spatial data loads can be highly skewed, where spatial 
objects tend to reside in densities in real geometries [5, 6]. One 
of the most common partitioning strategies for such workloads 
that can be traced in the literature is the Fixed Grid Partitioning, 
which (FGP) [7], which divides the search space into fixed-
sized grids, thus sending data contained in each grid to a 
specific partition for parallel processing. 

However, one of the intuitive challenges that this method 
induces when applied to spatial workloads is a phenomenon 
that we term as boundary spatial objects (BSO), which are the 

objects that resides exactly on the borders between grid cells 
that is especially time-consuming for complex proximity-alike 
queries such as geodata clustering algorithms. Processing those 
stragglers impose a challenge as to which processing element 
those should be sent to. Some works in the literature mitigate 
this effect by an approach we refer to as replicate-and-
postprocess, where BSOs are replicated between neighboring 
partitions, thereafter a postprocessing step is applied to 
eliminate replications [8] which significantly takes a huge toll 
on system performance, sometimes intuitively causing the 
system to come into a halt. Another important spatial 
characteristic is co-locality, where spatial objects normally 
share natural pairwise relationship in such way that 
geometrically co-located spatial objects share some other 
characteristics. For example, two friends gather in a bar for a 
coffee. As more and more smart city and Industry 4.0 
applications are seeking answers for proximity and co-location 
alike queries, it seems interesting to preserve such spatial 
characteristic while disseminating spatial workloads to cloud 
computing elements, thus avoiding costly shuffling that may 
heavily tax the processing system and challenge its capacities.  

However, current cloud-based ecosystems do not offer 
adequate solutions for those challenges because although those 
are domain-specific fixes and patches, they normally do not 
adequately trade-off partitioning challenges mentioned above. 
To overcome those limitations, our contribution is twofold. 
First, we fill this void by designing a spatial-characteristics-
aware adaptive partitioning method that adequately trade-off 
BSOs, spatial co-locality and load balancing. Second, we adapt 
our partitioning method in a manner that better exploit its 
overarching traits for density-based clustering [9] with the 
ability to integrate spatial queries. 

The rest of the paper is divided as follows. First, we provide 
a background covering spatial aware data partitioning 
challenges and most interesting spatial queries. We then 
introduce our framework describing the general architecture 
including patches we have provided. We then comprehensively 
explain the working mechanism of our spatial aware 
partitioning method. We then show results of our method and 
its application in a complex spatial analytics scenario, and then 
we conclude the paper providing some future research frontiers. 

II. BACKGROUND 

Performance shortcomings of batch-processing systems has 
led to the birth of parallel-based systems, from which we select 



Apache Spark [10] (thereafter, Spark for short) as a 
representative because it has established itself as a de facto 
standard for big data processing workloads. Spark works 
mainly by distributing a working set (known as RDD [11]) into 
the volatile memory of processing elements directly after the 
Map phase and just before the Reduce phase following the 
MapReduce [3] paradigm. In the following, we provide 
background about Spark and its current support of big spatial 
data partitioning and querying. 

A. Big spatial data partitioning 

Data partitioning can be loosely defined as dispatching big 
data loads to processing elements of a parallel computing 
network, aiming at distributing the workload thus improving 
the throughput [12]. Traditionally, strategies include range and 
hash partitioning that are designed for handling general-
purpose workloads, which was beneficial before smart cities 
turn into a trend. In the last decade, initiatives such as smart 
cities and Industry 4.0 changes the way data is collected such 
that mostly all objects are tagged with location. The current 
shape of data makes it better termed as big spatio-temporal 
data, thus rendering the application of classical partitioning 
methods unsuitable. Perhaps most significantly is the fact that 
spatial analytics request answers that seek co-location or the so-
called proximity-alike analysis. In a cloud computing context, 
this means that not respecting data co-locality while 
partitioning cause a costly shuffling between elements, thus 
heavily taxing the underlying ecosystem. This led to the 
emergence of spatial-aware partitioning methods, including 
quadtrees [13] and  space-filling-curves (SFC) [14](examples 
include, Hilbert-curves [15] and Z-curves [16]), which aim at 
dimensionality reduction thus converting a planar 
multidimensional space into single dimension. Off-the-shelf, 
Spark does not support these spatial-aware methods, which 
motivated the birth of Spark-based frameworks that provide 
support for such methods. As a representative, GeoSpark [17] 
supports FGP and Hilbert-curves. Despite the fact those 
methods preserve co-locality to some good extent, they leave 
the cluster unbalanced, where some elements acquire more 
loads than others, thus turning them into stragglers that soon 
may become performance bottlenecks. In addition, BSOs 
effects are not considered. To fill those voids, we provide a 
custom method that is a hybrid of some of those from the 
relevant literature, aiming at a weighted balance between 
BSOs, spatial co-location and load balancing. 

B. Big spatial data querying 

Spatial data partitioning is a mean-to-an-end, where the 
goal is improving query performance. The main computing 
task of parallelly-executed queries is scanning appropriate 
elements for result sets. In a traditional parallel computing 
framework, this often means shuffling datasets among elements 
so as to offer subset copies locally for algorithms to achieve 
their designated tasks. This shuffling however is specifically 
challenging, especially if subsets to be shuffled constitute a 
huge fraction of the whole dataset. Query optimizers work by 
enhancing all factors that slow down query processing. In a 
distributed context, this involves many activities spanning from 
the baseline partitioning and including query profiling among 
many other solutions, thus collectively aiming at providing a 

better quality of service (QoS) of latency and throughput by 
pruning the search space. 

Basic spatial queries include; i) range (containment) that 
returns objects surrounding a specific spatial object (radius or 
circumference measures, also known as Minimum Bounding 
Rectangle (MBR)). ii) proximity-alike (for example, nearest 
neighbor (NN) query) that finds objects geo- co-located with a 
specific object or set of objects (the case of kNN) such as 
finding nearest hospitals to an accident location. iii) spatial join 
query, joining two spatial subsets. In this paper, we concentrate 
on testing the performance of two spatial query types: range 
and join. Complex spatial queries are composable of some of 
those basics.  

Moreover, we aim at providing optimizations for one of the 
most complex operations that spatial big datasets may 
encounter: density-based clustering. In simple terms, density-
based clustering aims at grouping corelated objects into 
subgroups (known as clusters), where dense regions constitute 
clusters, whereas non-dense regions are boundaries. This kind 
of clustering cause a problem we termed as BSOs, which are 
those that reside exactly on-borders. A well-established 
algorithm in this family is DBSCAN that is widely used in the 
smart cities scenarios. However, the vanilla version is not 
designed to run in parallel computing environment. A point that 
has witnessed the birth of alternatives that adapt the classical 
version to work in clouds. From the constellation of works of 
the relevant literature,  MapReduce-DBSCAN (MR-DBSCAN) 
[18] and DBSCAN-MR [9] stand out,  aiming at optimizing 
throughput. DBSCAN requires two parameters; ε and MinPts. 
For any point p, ε is a measure to find the set of all points near 
p within maximum distance of ε (somewhat similar to kNN 
[19]).  

MinPts is used to check the minimum number of 
neighboring points that can be collectively considered as a 
cluster. Despite some disparities, MR-DBSCAN proceeds as 
follows. First, it dispatches datasets to processing nodes, then 
perform a local clustering by applying the vanilla DBSCAN to 
each node independently. The last stage incorporates merging 
local results, aiming at constituting a global clustering result. 
On the vanilla DBSCAN, distance of all points from a focal 
point is calculated, which is not the case in MR-DBSCAN. To 
circumvent this, MR-DBSCAN first sorts the input data and 
then replicates the points located on the edges of adjacent 
partitions, so that they are considered in all relevant partitions, 
thereafter a postprocessing step is required to eliminate 
duplication, which is a resource-intensive process. One inherent 
problem with this design is that it only respects spatial co-
locality while partitioning, thus neglecting the other two spatial 
characteristics (BSOs and load balancing). We have solved 
those in our adaptation for the MR-DBSCAN algorithm herein. 

Out of the box, neither Spark nor GeoSpark supports 
density-based clustering algorithms. We aim to fill this void by 
providing optimization atop GeoSpark that transparently inject 
density-based clustering support. We have adapted MR-
DBSCAN algorithm so that it works atop GeoSpark, which 
constitutes one of our core contributions. 



III. BIG SPATIAL-CHARACTERISTIC PRESERVING DATA 

PROCESSING OPTIMIZERS 

Fig 1. shows a high-level architecture of our spatial-aware 
optimizations. Our patches reside atop GeoSpark (which itself 
sits at the core of Spark) constituting a transparent layer that 
hides implementation details from application layer. Our 
patches include spatial-aware partitioning strategies, basically 
accounting for a better tradeoff of three challenges (load 
balancing, BSOs and spatial co-locality) and adapt DBSCAN-
MR algorithm [20] (which belongs to the co-location data 
mining family[21]) to work atop GeoSpark. 

A. Self-Adaptable Spatial-Aware Partitioner (SASAP) 

This section presents a custom spatial-aware partitioning 
strategy for Spark aimed at improving QoS in parallel 
processing ecosystems. 

Several works from the relevant literature have employed 
Fixed Grid Partitioning (FGP) [7] for partitioning spatial data 
loads in cloud-computing environments. However, the naïve 
implementation of this method creates objects that resides on 
borders between grid cells, which sometimes contributes a huge 
factor of total data percentage, thus imposing a challenge that 
heavily taxes resource capacity. To alleviate this burden, we 
have designed a custom adaptive spatial-aware partitioning 
method that accounts for those BSOs in addition to co-location 
and load balancing. We term our method as self-adaptable 
spatial-aware partitioning method (SASAP for short). Our 
method is adaptable in the sense that for every application 
session, it self-tunes division factors for the benefit of 
subsequent sessions, aiming at balancing loads among 
participating elements while resolving BSOs and co-locality to 
some good degree. In particular, our method works by 
calculating automatically new cutting configurations 
(analogous to vertical partitioning lines in planar geometry) at 
each session (see Fig. 2). It takes running time and cutting 
values (the most recent that each partition takes) as an input, 
performs its computations (mathematical calculations that aim 
basically at minimizing BSOs) and returns new optimized 
cutting configurations. The partitioning factors are values that 
allow to model the partition sizes based on the number of 
points.  In fact, our calculation method is simply a sliding 
mechanism, that moves the cut towards either east or west, 
north or south based on a previous knowledge of processing 
workloads and processing times of all processing elements, 
resulting in approximately similar timing in each of them. 
Running times are collected using one Spark Accumulator. 
This method acts basically as a BOS minimizer, at the same 

time, preserving spatial locality and balancing loads (to some 
good extent).  

B. Co-location query optimization 

One of the most interesting co-location data mining 
algorithms is a class of algorithms better known as density-
based algorithms (DBSCAN)  [20] (with  variants such as 
MapReduce-DBSCAN (MR-DBSCAN) [18] and DBSCAN-
MR [9]. This algorithm intrinsically encapsulates join 
operations, thus we selected it as a complex querying request 
for testing our SASAP partitioning method. We have added a 
patch that programmatically partition spatial data sets using 
SASAP injected within DBSCAN-MR.  

In the partitioning phase, imagining the earth flattened out 
and working recursively, vertical strips are constructed in such 
a way that boundaries are calculated using medians. For 
example, to vertically partition the original dataset, we 
calculate the median of the points within the input RDD. 
Considering epsilon parameter as an input to this method, we 
expand each boundary to equal exactly double epsilon (imagine 
sliding the boundary epsilon to the west and the same to the 
east, where we apply the Haversine formula for calculating 
distance), we term this 2eps. RDD elements falling within 2eps 
are replicated to adjacent partitions. At this stage, each 
identified partition is assigned an identifier, and points are 
mapped to key/pair format injecting partition identifiers as 
keys. Classical DBSCAN is thereafter applied locally to each 
partition independently. This method guarantees the correctness 
of the local results by the fact that BSOs are replicated to 
neighboring partitions, offering a local copy of all spatial 
objects that are at distance epsilon from the focal point.  The 
algorithm now proceeds normally as DBSCAN-MR however, 
this takes a huge toll on system resources. We have 
circumvented this by providing an adaptive step that gradually 
improve cutting configurations to minimize BSOs. The point 
where we collect running time of each partition for the current 
session and feed it back to SASAP for calculating new 
partitioning configurations for the next session. 

IV. EXPERIMENTAL RESULTS 

This section reports a wide selection of tests aimed that 
assess the performance improvement enabled by SASAP. 

 
Fig 1.  Layered spatial-aware in-memory processing optimization 
architecture. 

 
 

Fig 2.  Self-Adaptable Spatial-Aware Partitioner (SASAP). 



A. Experimental Setup 

Our experimental setup here has utilized Amazon AWS 
cloud’s computing services, specifically Amazon’s EC2 
service, where five nodes have been used for deployment (one 
master and four slaves). On each node, Spark 1.6.2 was 
installed. Our input database consisted of 250,000 (a fraction 
from ParticipAct total dataset extracted) spatial objects 
collected through the ParticipAct project. The reason for 
selecting this amount of data is that they are used for clustering 
algorithms, which are costly, hence exceeding this number of 
records means an exponential execution time. 

ParticipAct is a project of the University of Bologna, which 
aims to study the potential, cooperation between citizens, 
leveraging smartphones as a tool for interaction and 
interconnection [22]. The project had achieved a large-scale 
spatial data collection using smartphone’s sensors. a dataset 
extracted from the ParticipAct database containing nearly 
fourteen million records. The database maintains a user's 
location data, detected by smartphones, containing sampling 
timestamps, longitude and latitude, among others. 

B. Results and Discussion 

We first show the gain of SASAP in terms of running time 
at each partition of the cloud. Fig 3 depicts the change in the 
execution times as the cut configurations vary on consecutive 
iterations. We focused on the execution of the costliest 
clustering algorithm (i.e. DBSCAN-MR), which encloses both 
proximity and join queries. And compared the performance 
(applying our GeoSpark support) with MongoDB classical 
strategies to the same dataset. Fig 4 depicts the gain elucidating 
how spark-based support favorably outperforms the storage-
oriented system MongoDB. However, it worth noticing that 
both implementations follow a similar trend where the speedup 
gain degrades as we increase the data size. This is interestingly 
healthy as in a density-based clustering, increasing the data size 
means more clusters, compute-intensive operations and inter-
node shuffling. Also, it is expected that spark-based 
implementation outperforms that of MongoDB counterpart. It 
is a matter of fact that MongoDB is a storage-oriented 
ecosystem that is not intrinsically designed for processing big 
data workloads. It is instead more into big data storage 
management. Also, the fact that it is storage-oriented makes it 

bounded by the limitations of IO overheads during the 
intercourse of a density-based clustering algorithm. 

We have calculated the speedup for each session using a 
simple formula, adopted from Amdahl’s Law [23]; TmongoDB 
/TSpark; where TmongoDB is total running time using MongoDB, 
whereas TSpark is the total running time using our partitioning 
and querying strategies based on GeoSpark, which in its turn is 
based on Spark.  

We tested SASAP using two configurations for five 
sessions each, the first uses eps value that is equal to 0.2, MinPt 
value that is equal to 200 as elucidated in Fig. 5, whereas the 
second configuration uses eps value equals to 0.5, MinPt value 
equals 300 as depicted in Fig. 6.  

As noted from the figures, we have obtained a speedup (by 
orders of magnitude) for all sessions with both configurations, 
comparing to MongoDB’s implementation. However, it worth 
noticing that the performance gain tends to incline as we 
increase data size. This is a normal behavior due to the trade-
offs between load balancing, SDL and BSOs, as improving one 
factor may slightly negatively impact others, causing a drop in 
the overall performance gain. Also, as we increase the number 
of input spatial objects, this means more results need to be 
passed to the reducers and it could mean more shuffling for 
performing join operations in the DBSCAN-MR algorithm. 
The sweet spot occurs at the middle, with data value 
approximately equals to 150000, where a balance among trade-
offs occurs. 

V. RELATED WORKS 

Several works in the relevant literature have provided 
various optimizations for spatial-aware in-memory big data 
processing. [24] design a custom density- and spatial-aware big 
data partitioning approach for digital pathology imaging atop 
Hadoop. They mitigate BSOs by neglecting them as statistical 
methods applied in this domain are not affected by BSOs that 
normally constitute a tiny fraction. Their model also balances 
loads by employing a mathematical cost model that calculates 
the data load of each partition so that to balance execution 
times. [25] breaks into the consortium by introducing a 
Hadoop-based model that incorporates a custom spatial-
characteristics-aware partitioning method.  

[26] employs PMR quadtrees and pre-sampling methods for 
load balancing. They further circumvented BSOs by tagging 

 
Fig. 5. DBSCAN-MR processing optimization gain with 

config. Set1  

 
Fig 4. DBSCAN-MR optimization gain. 

 
Fig 3. performance improvement within three consecutive iterations. 



them with multiple indexes, and thereafter applying a 
postprocessing phase to eliminate duplications.  

They further achieved co-locality by spatially ordering the 
input datasets. Along the same lines, LocationSpark [6] 
introduces and transparently injected within Spark layers a 
novel framework that incorporates an adaptable partitioning 
method. Their method acts by simply gathering statistical 
information from each partition including running times of 
previous sessions, thereafter building a cost model and 
repartition accordingly to diminish stragglers. Co-locality is 
preserved by sampling input data, thus building a knowledge 
regarding the real geometrical distribution of objects, thus 
distributing to co-locate geometrically-close objects. It resolves 
BSOs by replicating them to adjacent partitions and filtering 
results thereafter. 

Two limitations found in the literature is the fact that most 
solutions are based on Hadoop, which is much slower than 
Spark. Further, Spark-based solutions do not adapt their custom 
partitioning methods for density-based clustering and 
proximity-alike spatial queries, which render them 
inconvenient for several interesting smart cities and Industry 
4.0 analytics. 

VI. CONCLUSIONS AND ONGOING WORKS 

Smart city and Industry 4.0 initiatives have new 
requirements for complex analytics. An avalanche of data is 
gathered every day, specifically spatially and temporally 
tagged, thus paving the way for more interesting co-location 
data mining and proximity analytics. Today, after nearly a 
decade of optimizations and tuning, big data in-memory and 
batch-processing systems lack the ability to consider spatial 
traits that normally appear as pairwise relationships among 
spatial objects. For example, two persons coexist in city center 
for a coffee and chatting. Not respecting those characteristics 
while distributing data loads in cloud computing domains is 
detrimental to query performance health therein. Thus, 
optimizations are necessary that consider three conflicting 
requirements regarding spatial attributes. Those are the 
classical load balancing in addition to BSOs and co-locality 
preservation. Those are contradicting in a manner that 
exaggeratively optimizing one of them may negatively 
counteracts the benefits of others. 

Depending on the case at hand, the problem may render 
NP-hard and intractable in some contexts, thus we recommend 
seeking a weighted balance that better trade-off those 
depending on the ad-hoc requirements. 

We have designed a custom partitioning method that 
outperforms state-of-the-art methods by orders of magnitude 
when applied in density-based clustering. 

One of our works that is underway aims at designing 
spatial-aware custom partitioning methods that works on fast 
arriving data streams and adaptable for burst workloads. This 
depends mainly on a cost model we are developing that can 
predict the arrival of burst and react conveniently to 
accommodate the change in a tweakable manner. 

ACKNOWLEDGMENTS 

This research was supported by the SACHER (Smart 
Architecture for Cultural Heritage in Emilia Romagna) project 
funded by the POR-FESR 2014-20 (no. J32I16000120009) 
through CIRI. 

REFERENCES 
[1] C. R. D. Rolt, R. Montanari, M. L. Brocardo, L. Foschini, and J. d. S. 

Dias, "COLLEGA middleware for the management of participatory 
Mobile Health Communities," in 2016 IEEE Symposium on Computers 
and Communication (ISCC), 2016, pp. 999-1005. 

[2] E. Gomes, M. A. R. Dantas, D. D. J. d. Macedo, C. D. Rolt, M. L. 
Brocardo, and L. Foschini, "Towards an Infrastructure to Support Big 
Data for a Smart City Project," in 2016 IEEE 25th International 
Conference on Enabling Technologies: Infrastructure for Collaborative 
Enterprises (WETICE), 2016, pp. 107-112. 

[3] J. Dean and S. Ghemawat, "MapReduce: simplified data processing on 
large clusters," Commun. ACM, vol. 51, pp. 107-113, 2008. 

[4] K. Banker, MongoDB in Action: Manning, 2012. 
[5] F. Wang, A. Aji, and H. Vo, "High performance spatial queries for 

spatial big data: from medical imaging to GIS," SIGSPATIAL Special, 
vol. 6, pp. 11-18, 2015. 

[6] M. Tang, Y. Yu, Q. M. Malluhi, M. Ouzzani, and W. G. Aref, 
"LocationSpark: a distributed in-memory data management system for 
big spatial data," Proc. VLDB Endow., vol. 9, pp. 1565-1568, 2016. 

[7] J. M. Patel and D. J. DeWitt, "Partition based spatial-merge join," 
SIGMOD Rec., vol. 25, pp. 259-270, 1996. 

[8] A. Aji, F. Wang, H. Vo, R. Lee, Q. Liu, X. Zhang, et al., "Hadoop GIS: 
a high performance spatial data warehousing system over mapreduce," 
Proc. VLDB Endow., vol. 6, pp. 1009-1020, 2013. 

 
Fig 6. DBSCAN-MR processing optimization gain with config. Set2. 

 
Fig. 5. DBSCAN-MR processing gain with config. Set1. 



[9] B. R. Dai and I. C. Lin, "Efficient Map/Reduce-Based DBSCAN 
Algorithm with Optimized Data Partition," in 2012 IEEE Fifth 
International Conference on Cloud Computing, 2012, pp. 59-66. 

[10] M. Zaharia, M. Chowdhury, M. J. Franklin, S. Shenker, and I. Stoica, 
"Spark: cluster computing with working sets," presented at the 
Proceedings of the 2nd USENIX conference on Hot topics in cloud 
computing, Boston, MA, 2010. 

[11] M. Zaharia, M. Chowdhury, T. Das, A. Dave, J. Ma, M. McCauley, et 
al., "Resilient distributed datasets: a fault-tolerant abstraction for in-
memory cluster computing," presented at the Proceedings of the 9th 
USENIX conference on Networked Systems Design and 
Implementation, San Jose, CA, 2012. 

[12] M. T. Özsu and P. Valduriez, "Distributed Database Design," in 
Principles of Distributed Database Systems, Third Edition, ed New 
York, NY: Springer New York, 2011, pp. 71-129. 

[13] R. A. Finkel and J. L. Bentley, "Quad trees a data structure for retrieval 
on composite keys," Acta Inf., vol. 4, pp. 1-9, 1974. 

[14] T. Asano, D. Ranjan, T. Roos, E. Welzl, and P. Widmayer, "Space-
filling curves and their use in the design of geometric data structures," 
Theoretical Computer Science, vol. 181, pp. 3-15, 1997/07/15/ 1997. 

[15] I. Kamel and C. Faloutsos, "Hilbert R-tree: An Improved R-tree using 
Fractals," presented at the Proceedings of the 20th International 
Conference on Very Large Data Bases, 1994. 

[16] G. M. Morton, "A computer oriented geodetic data base and a new 
technique in file sequencing," Ottawa, Canada, IBM1996. 

[17] J. Yu, J. Wu, and M. Sarwat, "GeoSpark: a cluster computing 
framework for processing large-scale spatial data," presented at the 
Proceedings of the 23rd SIGSPATIAL International Conference on 
Advances in Geographic Information Systems, Seattle, Washington, 
2015. 

[18] Y. He, H. Tan, W. Luo, S. Feng, and J. Fan, "MR-DBSCAN: a scalable 
MapReduce-based DBSCAN algorithm for heavily skewed data," 
Frontiers of Computer Science, vol. 8, pp. 83-99, 2014. 

[19] G. Nam, D. Kim, J. Lee, H. Y. Youn, and U.-M. Kim, "Efficient batch 
processing of proximity queries with MapReduce," presented at the 
Proceedings of the 9th International Conference on Ubiquitous 
Information Management and Communication, Bali, Indonesia, 2015. 

[20] M. Ester, H.-P. Kriegel, r. Sander, and X. Xu, "A density-based 
algorithm for discovering clusters a density-based algorithm for 
discovering clusters in large spatial databases with noise," presented at 
the Proceedings of the Second International Conference on Knowledge 
Discovery and Data Mining, Portland, Oregon, 1996. 

[21] A. Garaeva, F. Makhmutova, I. Anikin, and K. U. Sattler, "A 
framework for co-location patterns mining in big spatial data," in 2017 
XX IEEE International Conference on Soft Computing and 
Measurements (SCM), 2017, pp. 477-480. 

[22] G. Cardone, A. Corradi, L. Foschini, and R. Ianniello, "ParticipAct: A 
Large-Scale Crowdsensing Platform," IEEE Transactions on Emerging 
Topics in Computing, vol. 4, pp. 21-32, 2016. 

[23] J. L. Hennessy and D. A. Patterson, Computer Architecture, Fifth 
Edition: A Quantitative Approach: Morgan Kaufmann Publishers Inc., 
2011. 

[24] A. Aji, F. Wang, and J. H. Saltz, "Towards building a high performance 
spatial query system for large scale medical imaging data," presented at 
the Proceedings of the 20th International Conference on Advances in 
Geographic Information Systems, Redondo Beach, California, 2012. 

[25] R. T. Whitman, M. B. Park, S. M. Ambrose, and E. G. Hoel, "Spatial 
indexing and analytics on Hadoop," presented at the Proceedings of the 
22nd ACM SIGSPATIAL International Conference on Advances in 
Geographic Information Systems, Dallas, Texas, 2014. 

[26] R. C. Nelson and H. Samet, "A consistent hierarchical representation 
for vector data," SIGGRAPH Comput. Graph., vol. 20, pp. 197-206, 
1986. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


