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ABSTRACT
Police data is continuing to grow at a high ratd amwill be doubling every two years; police usesgy
17% of its crime data in crime management today@¢Xe2013). Nicole’s study of 2012 concluded that
Law Enforcement Agencies are data rich but inforomapoor and Uganda Police Force (UPF) is not an
exceptional. Jacob et al. (2015) revealed UgandiadP@rime Case Management System support police
officers in the management of crime cases, stomug retrieval of complainants’ and offenders’
information as well as to follow up the case statnd keep track of information concerning crimeesas
in the Uganda Police Force. Also (Oludele et all3)0revealed that A Real-Time Crime Records
Management System for National Security Agencieaniefficient and effective data analysis tool for
improving the operations of the law enforcementnages. Anil et al. (2013) argued that Crime
Automation and Reporting System would allow theorépg of crimes 24/7 by the victims and witnesses.
Jimoh et al. (2014) argued that a scalable Onlime€&Reporting System would help the police to time
get the information about criminals and their madeoperation and also allows crime reporting with
anonymity. Developing a low cost Business Intelige system for crime data analytics requires lost co
development tools and this is where open sourcendss intelligence tools come to a play. Therefore
there was a need to identify an efficient and effecopen source business intelligence tool for the
implementation of a Business Intelligence Systentfone data analytics. Five Open Source Bl to@s i
Apache Hadoop, Jaspersoft, Pentaho, SpagoBl andlavamere considered. Apache Hadoop is
recommended by this research for crime data analigé&cause it has capabilities which are not faand
other open source tools. Also a Bl system was deeel using Hadoop ecosystem, the system allows
structured, semi structured and unstructured datdios and videos for crime data analytics. Alse th
system is fault tolerant, easy to use and is ecaradiy feasible and it will therefore act as a refece
point by the law enforcement agencies during thplémentation of Bl and Crime analytics systems.
Also four different classification algorithms thé; decision tree (J48), Naive Bayes, Multilayer
Perceptron and Support Vector Machine were comptrdohd the most effective algorithm for crime
prediction. The study used classification modelsegated using Waikato Environment for Knowledge
Analysis (WEKA). The study revealed that the averaagcuracy of J48, Naive bayes, Multilayer
Perceptron and Support Vector Machine (SMO) is agprately 100%, 89.7989%, 100% and 92.6724%,
respectively for both training and test data. Atke execution time in seconds of J48, Naive bayes,
Multilayer Perceptron and SVO is 0.06, 0.14, 9.88 8.66 respectively using windows7 32 bit. Hence,
Decision Tree (J48) out performed Naive bayes, iMyir Perceptron and Support Vector Machine
(SMO) algorithms, and manifested higher performahcgigh J48 had little execution time as compared
to Multilayer Perceptron. The researcher recommehds this project would further be developed by
incorporating real-time Business Intelligence. Thiylies that, Hadoop should be connected to the

information systems and also social media to stidantontent and update dashboards in near nea-ti
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CHAPTER ONE: INTRODUCTION
1.1 Background to the Study

In the developing world, the daily activities ofrhans’ social, political and economic life makesiial

and easy to encounter the phenomenon of crime.eCgman unnecessary evil in the society and for any
economic, social and political activities to runamthly, crime offences must be completely elimidate
from the society and therefore knowledge of crimalgsis is required. According to (Jack, 201690
of the data that exists in the world today has @eated over the last two years alone and crinee ida
not exceptional as it also comes in many formats.,(®ideos, images, audios, satellite data, andase
data). Intelligently analyzed data can assist dmtisiakers to make actionable data driven decisimas
therefore it is a valuable resource in the eraigfdata. It can lead to new insights and, in conufagr

settings, to competitive advantages.

Law enforcement has always relied on intelligemdermation enhanced by analysis to combat all crime
and identify threats; however, the information feen narrowly focused and inconsistently updated or
shared. The rise of digital technologies has madssiple more powerful methods for collecting,
analyzing and sharing information and has fosténedlevelopment of Intelligence-Led Policing. Glloba
business data is becoming an essential componeba¥o Enforcement and Intelligence Agencies which
increasingly rely on Intelligence-Led Policing ([LBtrategies. Commercial business data can help law
enforcement uncover money laundering schemes,dialafiaud, illegal business fronts, and a variety
other criminal activities. Global business dataistsslaw enforcement in proactively assessing and
monitoring threats and exposing businesses anduixes that are involved in nefarious activity (Dun
and Bradstreet, 2012). According to (OSAC Repdi, 73, crimes in Uganda can occur anywhere at any
time. The report shows that there was an increisdrne activity in the central region of Kampalada
the northern region specifically Gulu and lira. $&éncluded both serious and moderate crimes amnd th

was moderate cybercrime.

The proliferation of modern and complex informatioommunication technology (ICT) including the
borderless connectivity of the World Wide Web (wwhgve significantly altered the way nation states
deals with their security, political, economic awtial issues. While the western and developedtdean
have taken advantage of developments in the IGMpoove on their legal and institutional arrangetaen
in crime detection and prevention, Africa have glp$agged behind and have not leveraged on these 2
century tool in addressing its myriad of securitydaother challenges (International Report 2010).
Understandably, this climate of insecurity and anity is now a feature of our modern world, farot
main reasons, first, because of the lowering oheoac and political barriers and secondly becaudse o
the advancement in communications and commercecuimy and criminality generally, is the darker
side of our contemporary world as science and I@Jehprovided the convenience and anonymity with

which crimes may be committed (Etheridge, 2010).
1



According to (Adeola et al. 2014), crime preventfmomotes community safety and contributes to the
sustainable development of countries. Well plancrétie prevention improves the quality of life of al
citizens and it has long-term benefits associatild seduced costs in connection to the formal amihi
justice system, as well as other social costsrégatlt from crime like the facilitation of law emt@ment
agencies. Crime prevention practices offers oppdrés for a humane and more cost-effective apgroac
to the problems of crime and the key benefit oflgpg business intelligence in crime Prevention and
management is that often there are multiple comfaletors which influence crimes to be committed and
Business intelligence tools enables us to analyaset complex factors forexample historical crim&ada
sets and identifying the combination of factorsathire most closely correlated with the past criemes
build a business intelligence model which can assisie analysts and law enforcement decision nsaker
to make data driven actionable decisions which ddauturn lead to crime reduction.

Insecurity and criminality generally, is the dark&de of our contemporary world as science and
Information Communications Technology (ICT) havewded the convenience and anonymity with
which crimes may be committed (Etheridge, 2010) Birth and growth of crime in a community is
based on many characteristics related to the contynaind society. These characteristics are - differ
races in a society , different income groups, difféc age groups, family structure (single, divorced
married, number of kids), level of education, tbeality where people live, number of police offiger
allocated to a locality, number of employed andnupleyed people and etc (Igbal et al. 2013). In mede
businesses, increasing standards, automationeahddlogies have led to vast amounts of data bempmi
available. Data warehouse technologies have saepgsitories to store this data. Improved Extract,
transform, load (ETL) and even recently Enterpdgmplication Integration tools have increased the
speedy collecting of data. OLAP reporting techn@edhave allowed faster generation of new reports
which analyze the data. Business intelligence loas lmecome the art of sifting through large amowrfits
data, extracting pertinent information, and turnthgt information into knowledge upon which actions
can be taken (Ranjan, 2009). The benefits of hawn@usiness Intelligence system cannot be
overemphasized; Law enforcement agencies beingobitiee organizations also require such systems.
Today more and more organizations are turning tdsv8usiness Intelligence for making better business
decisions.

The data for business intelligence system can l&iredd from past records which constitute histdrica

data or data directly obtained from the systemsreml time basis. During the invent of business

intelligence system, the main users used to be rbfepsionals who used very complex queries to
manipulate data from the source to generate firednimgful reports. However, due to advancement the
business intelligence front, better, faster, usenélly and easier to use applications have bewelolged

and increasingly the users of this technologiegmcome business executives and finance praetison



According to (Daniel, 2014), 63% of the prospectigers of Bl software are business professiorals a

opposed to a mere 37% IT professionals (Ipomai6R01

1.2 Problem Statement

An issue of concern in Law Enforcement Agencieossithe world is crime management and public
security. Police data is continuing to grow at ghhiate and it will be doubling every two yearsliqg®
uses only 17% of its crime data in crime manageneday (Xerox, 2013). Nicole's study of 2012
concluded that Law Enforcement Agencies are datalyut information poor and Uganda Police Force
(UPF) is not an exceptional. UPF is facing problémsegards to access to valuable, correct, tirmeig
actionable information for effective crime managemé&JPF Crime Case management system supports
police officers in the management of crime casesage and retrieval of complainants’ and offenders
information as well as to follow up the case statnd keep track of information concerning crimeesas

in the Uganda Police Force (Jacob et al. 2015)aDBsabred and generated from the crime case
management system is basically structured datgpdlite has access to other kinds of data which are
unstructured in nature forexample from emails, alooiedia, and intelligence reports and therefore
consolidating this data to one system is a problefAF needs to optimize resources, foresee new
opportunities and seize them; report accurate rimfgion and in best way possible to government,
sponsors and the public and also to answer crigigastions like what time and location is crimebhjkto
happen amongst others. To successfully addresgitbidem, there should be effective quick responses
requiring access to timely, accurate and actiondbta and this call for police Business Intelligenc
System. Law enforcement agencies especially Pokegl to be given better access to data that viiédr
actionable data driven intelligence decisions aodcentrate on investigating crimes on the frong lin
rather than dealing with time-consuming adminigteatasks behind the scenes like generating reports
and crime patterns. Crime data analytics has thengal to enable the police to achieve a truly
preventative approach towards crime prevention madagement but has not been exploited by law
enforcement agencies in Uganda. Also a well dewslogtate-of-the-art business intelligence and data
analytics system can enable law enforcement agencistay focused on the mission and make more
informed decisions fed by complete, accurate antbtgate data possible but such systems are ladking

law enforcement agencies especially with Uganda®élorce.

1.3 Objectives of the study

1.3.1 General Objective of the study

The main aim of conducting this project was to d@vea Business Intelligence system for Law
Enforcement Agencies in Uganda using open souads taking a case of Uganda Police Force.



1.3.2 Specific Objectives of the study
i. To investigate appropriate open source tools fer ithplementation of Business Intelligence
systems.
i. Toinvestigate the appropriate Bl algorithms fome prediction.
iii. To design the relevant Bl system components to aupm crime management in law
enforcement agencies.
iv.  To develop the Bl system to support in crime manage in law enforcement agencies.

v.  To perform analytics pertaining crime data in lavioecement agencies in Uganda.

1.4 The Significance of the study

Through the process of business intelligence, Lafof€ement Agencies can leverage or understand the
hidden information in its data, uncovering assaure, patterns, and trends that can lead to impgpvi
security and reduce crimes. In the execution of froject, the following was beneficial both to the
developers and scholars in the Bl community: Thalstrevealed the current tools and approaches
towards implementing Business Intelligence systetig, study will act as a reference point for the
implementation of Business Intelligence projectd @malso added to the knowledge base, the differen
techniques and methods of developing optimal Basinatelligence Systems for Law Enforcement
Agencies. The study also opened new insights @&ares areas that can improve Bl implementation in

organizations.

1.5 Scope of the study

This project was intended to develop a Businesslliggnce system based on the typical business
processes of the Uganda Police Force. The main édlethe project was crime management using

business intelligence system. The information geteer after implementing business intelligence aan b

helpful for both the police, policy makers, neighimod watch as well as the general public.

1.6 Definition of Key Terms
Some terms had been used to clearly bring oubitie of this research and were elaborated as fellow
» Business intelligenceBusiness intelligence, or Bl, is an umbrella tehattrefers to a variety of
software applications used to analyze an orgawigatiaw data. Bl as a discipline is made up of
several related activities, including data minirapline analytical processing, querying and
reporting.
* Business intelligence systemsThese are systems that process, store and prowdeulu
information to users who need it and when they rieed



Business intelligence toolThis is defined as a type of application softwagsigned to retrieve,
analyze, transform and report data for businesdligtnce. The tool can be used for querying
and reporting, online analytical processing (OLA®Rta mining, or dash-boarding, among others.
Crime: This refers to a behavior disorder that is an integragsuilt of social, economical and
environmental factors. Crimes are a social nuisanckecost our society dearly in several ways.
Law: This refers to a system of rules that are enfotbedugh social institutions to govern
behavior. Laws can be made by a collective legistabr by a single legislator, resulting in
statutes, by the executive through decrees andlatemus, or by judges through binding
precedent, normally in common law jurisdictions.

Law Enforcement: This refers to any system by which some members ofegocict in an
organized manner to enforce the law by discovedetgrring, rehabilitating, or punishing people
who violate the rules and norms governing thatetgci

Law Enforcement Agencies (LEA): This refers to any agency which enforces the law. This
may be a special, local, or state police, fedeg#dnaies such as the Federal Bureau of
Investigation (FBI) or the Drug Enforcement Admtragion (DEA).

Performance: This refers to an action or process of carrying ouaccomplishing an action,

task, or function.



CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction
This section surveyed the past studies on Bl inegdn Hadoop Bl methodologies/implementation
frameworks, open source Bl tools, advanced datinmiechniques that are used in crime predictiah an
the Bl implementation approach (conceptual framéjvproposed in this project.

2.2 Introduction to Business Intelligence (BI)

Business Intelligence is defined as a set of taats techniques for the acquisition and transforonadif
raw data into meaningful and useful informationdata driven decision making (Turner, 2016). Tarba
et al. (2011) noted that Business Intelligence fose Decision Support Systems. Also (Turban et al.
2011) further noted that the term Business Intelie has its roots in (MIS) Management Information
Systems of the 1970s and (EIS) Executive Infornma8gstems of the 1980s. Also (Negash, 2G@4jed
that by 2003usiness Intelligence systems had analytical sudpactions and artificial intelligence by
2005. Business intelligence systems are capablbaofiling large amounts of data in all formats
(structured, semi structured and unstructured)xtorele video, audio, image, satellite data, sedata
and Bl systems helps to create new strategic bssiogportunities and actionable decision making Th
goal of Bl is to allow for the easy interpretatiohthese large volumes of data. Also (Rud and @livi
2009) stated that Analytics and Business Intelligehelps to identify new opportunities from theadat
and their successful implementation can providésd®at makers with long term stability and competti

advantage.

According to (Negash, 2004), research about Busitmslligence Systems is limited although theyehav
been widely used in businesses. Also (Olszak amun@a, 2007) stated that Business Intelligence
Systems support decision making at all levels efdlganization’s management and therefore it's very
important to understand their value. Due to sigaift changes in information technology, existing
information systems have not met decision makexjseetations such as monitoring competition and
making decisions under time pressure (Olszak aathZa, 2007). Also (Power, 2001) stated that inrorde
for organizations to quickly react quickly to chasghat take place on the market, they should ma&e

of over increasing data and therefore need systirats can handle and make use of such data.
Understanding business intelligence systems inrganization is very important because it makeastye

for data analysts to transform data into informatithen into knowledge and finally knowledge helps

organizations decision makers to make data drieersins.

The figure 1 below shows how Business Intelliger®ystems evolved from the already existing
convolutional information systems. Bl systems haveentral data repository called Data warehouse

which stores data from all the departments in tlyamization and also from external sources andit's



this data where variety of operations are done diki#t up, drill down, Data mining, online analysit
processing (OLAP), standard and adhoc queries,ivatiite and multidimensional data analysis. All

these operations help decision makers at diffdesels to make quick data driven decisions.

Data mining, OLAP,
Data warehouse

Reporting, Data
visualization
ES Reasoning bases,
Knowledge bases
Data models,
Interfaces
Databases, Algorithms

MI5 of processing

¥

Figure 1. Development of Business Intelligence Syrsis. Source: (Olszak & Ziemba, 2007)

2.3 Reasons for Business Intelligence

In this era of Big Data, Business Intelligence 8ys are very important because they help decision
makersmake data driven decisions under time pressurengrdtor competition(Ranjan, 2004).

By utilizing past data, accurate forecasts aboutréutrends or economic conditions is easy andilpless
using Business Intelligence Systems. Improvemetit@dliness and quality of information is the ultite
goal of Bl systems. Vitt et al. (2002) noted that®stems enables organizations to make fasteerbett
decisions, generate information from large voluroésaw data and they also provide an effective
approach to management. Business Intelligence salstechniques also help organizations in making

better and faster decisions (Pirttimaki and Hanr20@3).

2.4 Business Intelligence Cycle

The first phase of Business Intelligence processlasning; in this phase decision makers’ needs are
clearly identified. This phase allows decision maki® iron out their business needs from theirteela
problems, questions and prevailing working condgioThis is followed by data collection which igth
second phase in Bl cycle, Data is gathered fromotiganization’s internal sources or external othbot
sources, which can be primary or secondary (Piakim2007). The collected data is entered in data
warehouse (Watson and Wixom, 2007). The third pliegeaalysis and production phase where data is

analyzed carefully by employing analytic methodsl daols. The result of this phase is actionable
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information which enables strategic decisions totdlen. Another phase is the Dissemination phase
which enables the knowledge and intelligence ttest generated from the Analysis and production phase
to be made available using reports, newslettegrrial databases or intranet (Pirttimaki, 2007),ciwhs
understandable for actionable decisions by decisiakers (Thomas, 2001). This cycle continue again
the need arise. There are four major groups of hursource that are required at each stage of 8sssin
Intelligence cycle that are critical for the progeshese are; library-acquire, organize and store
information; collectors-gather intelligence for byst; analyst-perform analysis; and users-make afse

discovered knowledge and intelligence (Herring,8)9%he figure2 shows the Bl cycle.

Planning &
jﬂiy' Directiun x
Data
Intelligence Users Collection
& Decision
Makers I

I Information

Dissemination Processing &
Storage
Production
Other Users

Figure 2: The Business Intelligence Cycle. SOURCHiomas (2001)
2.5 Business Intelligence Tools
Golfareli's research of 2009 suggests that closetl @mmercial tools were dominating the Bl market
with only limited adoption of open source tools.wwéwver there has been an increasing use of openesour
tools to develop Business Intelligence Systemsalsd (Wise, 2012) noted that open source Business
Intelligence tools have more benefits over traddélocommercial software ranging from offering lower
initial costs to more flexible support and integratoptions.

2.6.1 Selected Open source business intelligencelso

2.6.1.1 Apache Hadoop

According to (Apache Hadoop, 2017), Apache Hadmopcalable, reliable and distributed computing

software. It has a library framework that allowstdbuted processing of large data sets acrostectusf

computers using simple programming models. Apachdodp was designed to scale up from single

servers to thousands of machines each providirgj Eiorage and computation. The software framework
8



was designed to detect and handle failures atghlication layer thereby if an individual clusteaahine
or server fails, the system continues to work dreddata on the failed cluster is not lost sinceddad

replicates the data and distributes it to threfedift clusters on the distributed system.

2.6.1.3 JasperReport

According to (Jaspersoft, 2017), Jaspersoft hals bpén source and commercial versions. It is thetmo
popular and widely used open source Bl tool. The#ture which includes ETL, OLAP and server
components makes it easier to integrate Jaspevihfthe already existing IT systems of organizasio
Jaspersoft runs on Windows, Linux, and Mac; itsoasupported by wiki, excellent documentation and

additional resources.

2.6.1.4 Pentaho

According to (Pentaho, 2017), Pentaho is an opemceoBl tool with several features ranging from
reporting to data mining and it also contains tlemtBho Bl Server. Pentaho has support from many
community resources such as documentation, wild, @thers. It also runs on (JEE) Java Enterprise

Edition and it can be used on Windows, Linux, aratM

2.6.1.5 SpagoBI
According to (SpagoBl, 2017), SpagoBI has the c#ipalbo integrate with other tools like KeyRock
identity manager, Orion Context Broker, and CKAlagoBI also has features which include reporting,

charts, cockpits, data-mining, ETL.

2.6.1.10 Summary of open source Bl systems

The researcher after analyzing variety of open@®usiness Intelligence and reporting tools, htedo
that majority of the open source Bl tools have fightures which can be customized for enterprise us
The researcher further noted that Bl systems dpeetoshould also make a thorough comparison of the

open source tools so that they can make a bestechbthe tool that best suits their needs.

2.7 Big Data and Hadoop

Devakunchari's 2014 study (as cited in Rohan e2@15) suggests the widespread usage of the Hadoop
MapReduce framework by businesses and others mpedidiums to precisely organize sets of data.
Hadoop MapReduce is a software framework whichwallaisers to easily script applications which
process massive datasets in parallel. It utilines main functions: map and reduce. The map funstion
apply functions to datasets, consequently produéimtner lists containing its output results. Regluc
accepts big data and outputs a single value. Famsctised conjoined with the reduce function muge ha

the ability to combine two pieces of data into otien insert another piece of data, combining, and



repeating until there is only one value. To optinike Hadoop experience, technologies such as Apach
Mahout, Pig, Hive, and Sqoop have been developerkdent decades. These tools are targeted for
specific purposes and may work conjoined with onetlaer to ease the workings of Hadoop. These
technologies have the ability to aid distributetbdarocessing, commonly needed in the techsavvidwor
(Rohan et al. 2015).

Krishnan (2015) contends to the primary purposessifiblishing distributed data processing. This
purpose is to copy the database management systarmaster slave configuration and process the data
across the multiple instances. As Hadoop is agiatffor storing big data, it does not allow thensfer

of other smaller and unstructured data that couly pital role in the process of analyzing the
information for necessary purposes (Yang et al520Consequently, in order to transfer the datevben

the Hadoop system and RDBMS, Sqoop has been degtlspa junction which, stated by Krishnan, was
one of the primary design goals of Sqoop when f firat introduced (Krishnan, 2015).While Sqoomis
significant tool regarding the management of BigaDaany other tools have been developed which are

necessary for the smooth functionality of Hadooph@h et al.2015).

a. Mahout

Mahout is a component of apache Hadoop that is fssadachine learning functions. It carries ougethr
machine learning techniques which include recommatons, classification, and clustering. Using
recommendation, the user utilizes the already dtgast information and the public information to
determine the likelihood of a user liking somethitsing classification, the known data is used to
determine which category that new data will beldhgises the already existing groups to sort thg ne
data into the existing categories. Also mahoutsisduto implement clustering technique that sorta da
into groups that didn’t previously exist. This ta@jue is very important especially when no categufry
data existed before where the new data can beRolgah et al.2015).

b. Pig

Initially Pig was developed to analyze large datase timely and efficient manner. This component
includes Pig Latin which is a programming langudiget runs data through transformations, loads the
data from HDFS and stores or dumps the data. Usilsgcomponent, big datum can be analyzed that
efficiently utilizes high level languages than wrif MapReduce functions (Rohan et al.2015).

c. Hive
Hive is a component of apache Hadoop that hashhigyaof distributed storage. It uses HiveQL which
allows the user to query large datasets. It previifferent types of storage and reduced semahtckc

time. Other components of Hive include metadataagi® indexing and compression of data stored in
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Hadoop. It also utilizes MapReduce programs toaustom mappers and reducers which helps to easily
direct the software without HiveQL (Rohan et al12p

d. Spark

This is a component of apache Hadoop that allovessuto perform analytics on large datasets on
clustered computers. It can process data fromrdiftesources including HDFS, SQL and Hive. It has i
own memory storage that enables it to enhance npeafice as long as the data being analyzed can fit i
that memory otherwise it uses computer’'s storagéiak a fault tolerance system RDD (Resilient
Distributed Datasets), is much more efficient thdapReduce method of copying every single bit of
information because it only restores the part tes lost, freeing up a significant amount of memamy
therefore it provides more efficient and fastenfeavork than MapReduce (Rohan et al. 2015).

2.8 Comparison of Bl systems and conventional systes

According to (Laudon and Laudon, 2000), informatisystems depending on which level of the
organization they serve; the first level of the amigation is operational level which is comprised o
mainly OLTP (online transactional processing sysesupports the activities that are performed iat th
level like material flow, payroll processing an@gessing of orders in an organization. Knowledgekwo
systems are used at the knowledge level which eaghe knowledge is created and integrated into the
organization. The MIS (Management information syste supports the managers with reports,
performance management and historical records. AMSS (Decision support systems) supports
managers to make decisions very fast. The ESS gxesupport systems) is used at the strategigl lev
to support senior managers to make long term aessiAccording to (Datta and Thomas, 1999; Power,
2002; Ponniah, 2001), information systems takes famwns which are OLAP (online analytical
processing) and OLTP (online transactional proogdsiystems. According to (Turban et al. 2007)ranli
transactional processing systems focuses on riepegihd routine activities by processing large neamb
of transactions while online analytical processsggtems provide managers and executives with decisi
support. According to (Gray, 2003; Olszak and Ziam®006), Business Intelligence Systems provides
multivariate analysis, multidimensional data préston and they have central repository of datéedal
Data Warehouse. Also according to (Olszak and Z&rB03), Business Intelligence Systems supports

decision making at all the levels of the organ@atind various stake holders.

2.9 Crime Management in Uganda

According to the 2015 report from Uganda bureastafistics (UBOS), crimes in Uganda have been
increasing every year. From the same report,dtvshthat crimes in Uganda increases every each year
and the year 2017 registered a tremendous incieasember of crimes including women killings,

robbery and others. The Figure 3 below shows timeesrthat were reported, investigated and prosdcute
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There was a gradual increase in number of crinma #2011 to 2014 but the same trend continued up to
2017.
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Figure 3: Crime category (‘000s): source: UBOS rap@015

2.9.1 Investigated Crimes in Uganda

Crimes committed in Uganda are categorized by Ugdtalice as serious and non serious. According to
that category, serious crimes include defilemeuntglary, child trafficking, rape, aggravated robpand
homicides. In Uganda, crimes have been increase 2@l1 up to date according to the 2015 report from
Uganda bureau of statistics (UBOS) but the samerteghows that Uganda Police Force has tried to
make investigations and curbing the crimes as shiythe table 1 below.

Table 1: Investigated Crimes from 2011 to 2014

Type of Serious Crimes 2011 2012 2013 2014
Defilement 3,957 3935 9,508 12077
Burglary 2067 1,842 3,846 3668
Homicides 1,049 759 2306 2421
Aggravated Robbery 646 559 1,005 985
Rape 259 257 1,042 1,099
Child stealing 78 55 164 7
Child Trafficking 24 9 67 78
Total 8,105 7416 18,048 90,475

The UBOS 2015 report further recommended that kngwCrime statistics is useful for the law

enforcement agencies and particularly police ireaffe implementation of excellent strategies of
12



fighting crimes. The researcher therefore sugghstisimplementation of a business intelligenceesyst

to support crime management would be the best mopince the system has features like dashboard
which provides insights and actionable informataiout the situation at hand, data analysis and data
visualization like plots, charts and graphs.

2.9.2 Performance of Uganda Police Force in crimeanagement

According to Ugandan news paper report (daily mavniBunday march 19 2017), Uganda Police Force
(UPF) failed to investigate in four years over 4000rder cases only. The news paper further reported
that only 2 percent of murder cases were fully gtigated and disposed of in the last five yeare Th
researcher also found out that it was not only mumhses which were not fully investigated to the
maximum but also other serious crimes. The researébund out that the low performance on
investigations, disposing of and preventing crimes attributed to several factors which include low
technology, lack of expertise and understaffinge Tiesearcher therefore believes that a business
intelligence system to support crime managemeatrieng the required resources by the police to curb
the ever increasing crime in the country becausadllitassist the police to make proactive decisivasy

fast and provide the necessary reports to the neaneigt and sponsors on time.

2.10 Fighting crime with big data analytics

According to (Sergio, 2015), big data analytics befp law enforcement agencies especially police to
keep their communities safe by proactively fightihg crimes before they happen. By analyzing data
from police reports, live camera feeds and othercas can help the police to anticipate, predict an
prevent crimes. Crime data analytics can help pdiicidentify crime patterns and proactively preaven
crimes from happening; this also helps to effetyivespond to crimes once they occur. In this draig
data, police has overwhelmingly amount of informatfrom past police reports to security cameras to
social media to bystander’s cell phones; Once edjaplies analytics to this crime data, it getssesut

of the data which can help them to make fast tindelgisions and thereby proactively preventing csime
from happening or effectively respond to the crirtiet had already occurred (Sergio, 2015).

2.11 BI Predictive Classification Models

Predictive modeling uses the data sets that onediexted so as to derive a mathematical modethvhi
will be used to predict outcomes of crime detectibime main goal of a predictive model is that b
be very accurate in its results as they are useltdision making for potential users. Predictivedeis

can be built using different approaches which (kr&2011) defines some of them as stated below.
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Table 2: Description of Selected Bl Classificatioflgorithms

Algorithm Descriptiot

J4a8 This is a Bl Predictive Model generates decisioge tiusing C4.5
algorithm which an extension of ID3 algorithm ansl used for
classification.

Multilayered Perceptron Frank (1961) defined a Multilayer Perceptron (MlaR)a feed forward
artificial neural network model that uses back @gation which is a
supervised learning technique and it consists ofelanumber of
neurons joined together in a pattern of connecti@ybenko (1989
noted that multilayer Perceptron is considered epdeeural networl
because it consists of three or more layers of ineafly-activating

nodes.

Naive Bayes Rennie et al. (2003) defined Naive Bayes as a sigger probabilistiq
classifier that uses statistical method for clécatifon and it uses Bayes'
theorem with strong independence assumptions batwes features,
Also (Rennie et al. 2003) further noted that thgoethm is competitive

than advanced methods when appropriate preprogessitone.

Support vector machines This BI predictive alganitis also called Support Vector Networks.
SVM analyzes data by using supervised learning tedderegression
and classification analysis. Given a set of trajremamples, each
marked as belonging to one or the other of twogrates, an SVM
training algorithm builds a model that assigns mesamples to one
category or the other, making it a non-probabdisinary linear
classifier.

2.11.1 Performance analysis of classification algtihms on crime prediction

Igbal et al. (2013) did a comparative analysis efigsion tree and Naive Bayes algorithms on crimta da
and found out that the accuracy of decision tred Baive Bayes algorithms was 83.9519% and
70.8124% respectively and concluded that decisiee performs better than Naive Bayes in crime
predictions. Ahishakiye et al. (2017) also did e&@enance analysis of Bl techniques on crime prgutic
using four classification algorithms in their studg. decision tree (J48), Naive Bayes, Multilayer
Perceptron and support vector machine and foundtiigaaccuracy was 100%, 89.9425%, 100% and
93.6782% respectively with execution time of 0.@59&14sec, 9.26sec and 0.66sec respectively and
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hence they concluded that decision tree out peddriaive Bayes, Multilayer Perceptron and support

vector machine both in accuracy and little timexdécution.

2.12 Review of Existing Crime Management Systems

Jacob et al. (2015) revealed Uganda Police Crinse G&anagement System support police officers in the
management of crime cases, storage and retrievaroplainants’ and offenders’ information as well a
to follow up the case status and keep track ofrmédion concerning crime cases in the Uganda Police
Force. The system captures police constable, detedDC CIID and administrator’'s details, stores
captured complaints/data and enables users to olatépit, Enables users to search for crime cages b
use of station dairy number (unique identificatrmrmbers allocated to cases). Entered data is tafida
and constables are able to categorize crime castep are reported in and allow cross referenoing
cases and criminal records (Jacob et al. 2015h KBudele et al. 2015) stated that A Real-Timax@ri
Records Management System for National Securityndigs is an efficient and effective data analysis
tool for improving the operations of the law enfement agencies. Anil et al. (2013) argued that €rim
Automation and Reporting System would allow theorépg of crimes 24/7 by the victims and witnesses.
Due to improved technology in 2tentury, integrating mobiles with the police syssewould allow easy
reporting of crimes, and enables easy accessibilityime information to police during its investipns
(Aanchal et al. 2015). Jimoh et al. (2014) argueat & scalable Online Crime Reporting System would
help the police to timely get the information aboritminals and their mode of operation and alsovesl

crime reporting with anonymity.

2.13 Gaps to be filled

Despite the fact that Business Intelligence Systeave a vital role in crime management, such system
have not been utilized in Law Enforcement Agenoéspecially the Uganda Police. Most of the
information systems used in law enforcements agsnaie just a collection of crime data with CRUD
(create, read, update and delete) operations.ifitxistime management systems are used to collect an
manage crime data but the data in those systenesr@\been utilized. There is a need for data @sdh
systems to be used in operations like data minimigne predictions, online analysis (OLAP), and
generation of visualizations (graphs, charts angghand these can be achieved by developing a
Business Intelligence System. This study preserBs$ project to generate predictive model for crime
prediction and crime data management and consrBetiprototype for predicting the likelihood of e
happening. Bl improves decisions by supplying timelccurate, valuable, and actionable insights. Bl
solutions are the answer to achieving compreheraiatytics and enabling decision makers to maka dat
driven decisions.

15



2.14 Conceptual Design

The researcher critically analyzed the alreadytiexjsnformation systems to support crime managemen
in Law Enforcement Agencies, after the analysisdemtified the need to have a Business Intelligence
System at Uganda Police. Developing a prototypetlier system was pioneered by identifying the
Business Intelligence Maturity level of the alreakysting system at UPF and followed clear guidsdin
as suggested by researchers (Chamoni and Glucho2@®d) (Williams, 2004b). Then the researcher
designed a model that would extract crime data ftbm already existing system, data from police
archives and from external sources using ETL (Extrdaransform and Load). The extracted data is
subjected to removing outliers, filling the missimata, Smoothening the data and resolving the
inconsistence and then stored at the central dgpasitory called the Data Warehouse. Different
operations can then be performed on the data ircéhéral repository including generation of reports
using standard and adhoc queries, OLAP operati@asg Mining, multidimensional visualizations and
analysis as illustrated in the figure 4 below.
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Figure 4: The conceptual design of a proposed syste

16



CHAPTER THREE: METHODOLOGY
3.1 Overview
This describes the step by step methods that theareher used in the execution of this project. It
includes the how the researcher did the analysi&gd, implementation and testing of the Bl prgety

3.2 Research Design

The description of research design, selected pnaging language and other resources that were nsed i
the implementation of this project is explainedeheFhis contains a summary of the complete research
process that was used in this study. The reseaudaer extreme programming (XP), and all its praeess
were followed as shown in figure 6. It started wiglgjuirements analysis which includes feasibilttydy

(this involved interviews and observation), thenlofwed by software design. The Bl system was
developed using Hadoop ecosystem and after develuppinase, crime data analytics was performed to
find the effectiveness of the system.

3.3 Software construction

Extreme Programming (XP) was selected for the pyptds implementation. The methodology improves
the quality and responsiveness of the softwarepigdly changing the requirements of the customer.
The researcher used all the phases of XP shovheifigure 6 below as explained after the diagram.
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Figure 5: Extreme Programming Implementation Praces
3.3.1 Requirements Analysis
The researcher physically visited Uganda policedofUPF) ICT head office to find out the system
requirements to assist in developing an effectiVsyBtem that can improve law enforcement agencies’
performance on effective crime management. TheareBer used interviews and observation at the UPF
ICT facility headquarters to identify the requirertee and the necessary features to include in the
prototype.
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3.3.2 The study population

This research involved 40 respondents from the Wagapolice Force (UPF). They included the ICT
police staff officers and the police management Thosen respondents were selected because some
were the management of the police facility and tbgt were the ICT officers whom the researcher
thought that they were relevant to this reseanstiyst

3.3.3 The developed system design

The researcher designed the proposed system toitetk@d weaknesses of the current system in use. Th
design also considered extracting and loading ftata the existing system and from external sources
like social media, intelligence reports to the Btalwarehouse where different processes and apesati
were performed on the data like generation of deatds, online data analysis (data visualization),
generation of standard and adhoc reports and alsordining operations. The design of the developed

prototype is shown by figure 8 in chapter four.

3.3.4 System Implementation
Once the data warehouse was modeled, implementaib@meeded. This mainly, consisted of setting up of
host machine (single-node cluster), Hadoop ingtaflaand configuration, setting up of programming

environment, data warehouse development and dashbiEation.

3.3.4.1 Setting up of the Host Machine

The initial step of the implementation is to settiip host machine. The project used Microsoft Winglo
7 64 bit operating system on a core i7 processthh @B of RAM. The machine BIOS setup was
configured to activate virtualization technologyhig followed with an installation of virtual maclein
(VM) called Oracle’s Virtual Box on top of Windowsoperating system. It is this Virtual Box where th

Hadoop cluster was to be configured.
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3.3.4.2 Configuration of Java Environment

Java IDE (Integrated Development Environment) iseaial to be integrated into the developed BI

system because it is used in writing map reducgrpros for processing large chunks of data. Apache
Maven will be used as the project management toolbliilding the source codes and other project
artifacts. The IDE enables testing of MapReducs prid also non-Hadoop Java programs.
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Figure 7: Eclipse IDE Setup
3.3.4.3 Data Warehouse Development
The data warehouse was created using Hue. Saniplevda generated with help of existing data at the
Uganda Police Force. This is due to confidentiafythe data, avoiding using live data. Data was
transferred to Hive data warehouse using Hive Th#éaStores. Pig scripts were also written for some
extraction, transformation and loading proceduHesdoop User Experience (HUE) was configured and
used to develop web portal for accessing the datahouse.

3.3.4.4 Data Visualization and Dashboard Developmén

Different dashboards were created using Apache&arCloudera Search. Analysis of data was carried
out to generate the required reports and also anbu&iness questions and appropriate dashboards
generated using Apache Solr. Hive queries werelwaed to analyze and visualize data and also genera

the required reports.

3.3.4.5 Data Analysis

The developed prototype was integrated with Rsttasil analysis software to assist in advanced erim
data analytics. Also a feature of the system caH&tE has a sub feature called HIVE which allows
generation of reports by executing HIVE Queriegjegation of different types of charts including pie

charts, bar and line graphs and also allows viza@dins of data with geo-coordinate locations.
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3.4 Performance Analysis of predictive algorithms o crime prediction
The performance analysis was done in this studintbthe most effective and appropriate classifarat
algorithm for crime prediction. This is because #ystem was connected with R packages and crime

predictions would be done when need arises.

3.4.1 Classification Algorithms to be used

The BI Predictive algorithms used in this study #re Naive Bayes, J48, Multilayer Perceptron and
Support Vector Machine (SVM). All the algorithmsarsed for classification and they were of intetest
the researcher during this study because he wdat@utentify the most appropriate Bl classification

algorithm for crime prediction.

3.4.2 Sources of Data and the Modeling Tool

The crime data was obtained from two sources. Timgoy data was obtained from UPF and the
secondary data was obtained from UCI machine Iegrmepository website under Crime and
Communities dataset. The researcher partitionedrihee data in the ration of 70%:30% for trainimgla
testing respectively. The researcher also used WBKAikato Environment for Knowledge Analysis)
for modeling which is a popular open source machéaening tool that includes visualization, preidiet

and data analysis techniques easy to use grapliseainterfaces.
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CHAPTER FOUR: SYSTEM ANALYSIS, DESIGN AND IMPLEMENT ATION
4.1 Introduction
This section discussed weakness and strength autient systems, analysis and detailed desigmesssu
design requirements and system functionalitiesadlreliscussed within this chapter. It addresses the
requirements that were necessary for the effedtinetioning of the system, tools that were used lzmal

the system was developed.

4.2 Analysis of the Current Information Systems us& by Uganda Police

The researcher analyzed carefully the existingesystised in crime management in Uganda and the
following are its weaknesses; Crime data duplicatidlso the system has poor security features and a
result unauthorized persons can be able to acdess data. Most of the crime data is recorded gem
and this risks being damaged by rodents, bulkytdees difficult in information retrieval and alsoime
information can easily be misplaced. Furthermdre,data being corrected is not being utilized wtre
this era of big data, operations like crime dataing, crime predictions and discovery of crime gats
from the available crime data. If the availabler@idata is utilized, actionable decisions can kertand
this can result into reduction in crimes. Also #wailable crime records management systems asdbtaiit
for structured data, in this error of big data, estructured and unstructured data are also availkatd

the existing systems cannot handle such data. Morgrhen analytics is required, the crime data is
extracted from the crime database and then loaaleddel for possible analytics, these results fime
wastage in performing the required analytics ansb alendering crime information vulnerable to

insecurity.

4.3 Feasibility Study

4.3.1 Technical Feasibility

The researcher together with the ICT technicaf stafied out the technical feasibility and it wasar
that the project was feasible with minimum riskoatlined below.

Table 3: Technical feasibility

Technology required Current availability Risk Action

Hadoop ecosyste Available (Open sourc None N/A

Application serve Available None N/A

Data analysis prograr Available (R None N/A

Access to available crin | Available on authorizatic | Denial of Seek authorizatic

data

authorization

Cluster machine Available May not be enouc Purchasing ul
expensive cluster
computers

Technical manpow Available Not enoug To be traine
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4.3.2 Economic Feasibility

In terms of cost implications, there was no siguaifit cost since all the technologies required \vogen
source. The only cost would result during the mophase where the Bl developer need to be paadysal
for which in this case is a non factor given the&ura of the project. Furthermore, although thers wa
cost in terms of salary, there was an identifiegartunity cost since the time spent on the project

terms of man hours could have been used in othiertiss.

4.3.3 Strategic Feasibility

Because crime data is in different formats; stmartusemi-structured and unstructured, it was diseul
that the proposed system was suitable for all Howve data formats. Therefore the developed systasn w
suitable for the growing challenge of crime bigadanalytics and it was of strategic importancéig éra

of big data and therefore the system was at spoiilighelping decision makers generate insightsftioe

data very fast and with ease for data driven detisiaking.

4.4 Requirements statement

The target users of this system are Law Enforcemigancies, Specifically the Uganda Police force.

The proposed system architecture is compriseddzfta warehouse from which different operations are
performed on the stored data. The operations tieaperformed include data mining using R or python
programming languages, creation of dashboards @Wimgdera search and SOLR, online analysis (Data
visualization), standard and adhoc reports usinge Hpuery Language (HiveQL). All these operations

help to generate insights from the data which tsBidecision making.

4.5 System design

The researcher designed the system to exploit #ekmesses of the current system in use. The design
also considered extracting and loading data fragrettisting system and from external sources likéaso
media, intelligence reports to the Bl data warebowbere different processes and operations will be
performed on the data like generation of dashboaniie data analysis (data visualization), getamna

of standard and adhoc reports and also data magagations.
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1 [
e

Law Enforcement Decision Makers

Figure 8: The system design of a proposed system

4.5.1 The Components of the Designed System

The developed prototype allows data acquisitiomftbe already existing system in use and also from
external data sources using ETL operations. Anotbenponent is called Data Warehouse where data
extracted from different sources is stored. The detrehouse in Hadoop was implemented using Hive
and once data is in the central repository, diffecgerations can be done like generation of reping
both standard and adhoc queries, data visualizaimg graphs, charts and maps. Also the designed
system has a data analysis feature which is a coempchat is executed using R software that was

integrated with the system.
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4.6 System Implementation

The following section discussed how the system desloped in Apache Hadoop and its functionality
and capability. Apache Hadoop is a distributed aating open source Business Intelligence tool for
storing and processing huge datasets of any fodis&ributed across different clusters. Apache Hadoo
using its MapReduce framework breaks up the huge dad distributes it to distributed clusters for
concurrent data analysis. Apache Hadoop platforfaul tolerant in that if an individual cluster ofdane

or server fails, the system continues to work dreddata on the failed cluster is not lost sinceddad
replicates the data and distributes it to thretediht clusters on the distributed system. Apachdddp

is designed to scale up from single servers tosghods of machines, each offering local computatiuh
storage. With Big Data being used extensively t@iage analytics for gaining meaningful insights,
Apache Hadoop is the solution for processing big dehich comes in different formats including text,
video, audio, satellite data, sensor data wheréalkee is not structured. It can also process stoitared
and structured data. Apache Hadoop architectursistsn of various Hadoop components and

technologies that provide capabilities in solvilmgnplex business problems.

4.6.1 System User Interaction

This part describes how a user can extract data flifferent sources into a data warehouse and perfo
complex analytics.

4.6.2 Starting the Hadoop Cluster

In order to start the Hadoop cluster, open theudirBox application, then start Cloudera Virtualdime

(VM) already installed. Remember you can save sthysur VM.

§% Oracle VM VirtualBox Manager . . ¥ oo |

File Machine Help

=] General = preview

Name: Crime managementt and Analytics
Operating System:  Windows 7 (54-bit)

Base Memory: 6114 MB
BootOrder: , Hard Dis)
Acceleration:  VT-x/AMD-V, Nested Paging, Hyper -V Paravirtualization

joudera-quickstart-ym-5.8.0-0-vir tualbox-disk 1.vmdk (Normal, 64.00 GE)
SATA Port 1. [Ontical Drive] Empty

3 Audio

Host Driver:  Windows DirectSound
Controller:  Intel HD Audic

P Network

Adapter 1:  Intel PRO/1000 MT Desktop (Bridaed Adapter, Intel(R) Centrino(R) Advanced-N 6205)
Adapter 2:  Intel PRO/1000 MT Desktop (Host-only Adapter, 'VirtualBox Host-Only Ethernet Adapter’)

& uss

USE Contraller: OHCI
Device Filters: 0 {0 active)

[l Shared folders

EWal, e | olm

Figure 9: Starting the Hadoop Cluster
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4.6.3 User Login
When the system is accessed remotely through tstentrexchine, then login will be required. Otherwise,

user is logged in automatically when the clustestarted. The system can be accessed using the
following links:

i.  Virtual Machine: http://quickstart.cloudera:8888/

ii.  Host Machine: http://localhost:8888/

3] Hue - Welcome to Hue - Mozilla Firefox - B %

#h Hue - Welcome to Hue x | db

T & ||Q search wa U 3 a6 =

€ | @ quickstart.cloudera:8888/accounts/login/

Cloudera elyHue [EjHadoopv [[IHBasev [[impalav [Eisparkv «isolr [oozie Cloudera Manager ~ Getting Started

Welcome to Hue 5
Please sign in to continue

| @ Hue - Welcome to Hue... | = e

Figure 10: The authentication of the system

4.6.4 System Configuration
Once you log in, if you are super user, then yolll lvd directed to system configuration setup page.

case of any errors, then this page will alwayserfiags.

Change desktop appearance and behavior, get help, or log out Hue - Quick Start - Mozilla Firefox - o X
&) Hue - Quick Start x \dE
€@ quickstart.cloudera:5358/about/ ¢ | |Q search il =} + & & =

Cloudera #f)Hue []Hadoop~ [HBasev [Himpalav [ZSparkv Solr " Oozie  Cloudera Manager ' Getting Started

due @« Query Editors ¥ Data Browsers ¥ Workflows ¥ Search Security ¥ E 2 @~ 7 B e

@) About Hue Quick Start  Configuration  Server Logs

Quick Start Wizard - Hue™ 3.10 - The Hadoop UI

Step 1: & Check Configuration Step 2: @ Examples Step 3: & Users Step 4: I Go!

Checking current configuration
Configuration files located in /etc/hue/conf.empry

All OK. Configuration check passed.

[{@ Hue- Quick Start - Mo... (eI =

Figure 11: system configuration



4.6.5 Main System Links
The main system links are:

i.  User Profile: This links to profile of currently logged in userdaalso user management panel.
ii.  Job Browser: This provides access to management of MapReduse job

iii. File Browser: This enables access to HDFS; allowing uploadindgtiey, renaming, moving,
and copying of files and folders, amongst others.
iv.  Security: This enables assignment of roles and privilegeséss of the system.
v.  Workflows: This link provides access to Hadoop workflows,dgample Pig jobs.
vi. ETL: Enables the extraction transformation and loadihdata into the data warehouse. Tools
adopted include Metastore Tables and Sqoop Transfer
Vii. Data Warehouse:This links to data warehouse of the system. Apddive and Impala have
been used to implement the data warehouse. Quamiddive are executed using MapReduce
while Impala has in-built query engine.
viii. Dashboards: This is where users can access various dashbdde#ss can also create new
dashboards based on the business answers theyensagking.

! Crime management and Analytics [Running] - Oracle VM VirtualBox — - =  “S— - .
™ Applications Places System & & satMar1l, 1:01AM cloudera D) N
] Hue - Metastore Manager - Metastore - Mozilla Firefox e

&} Hue - Metastore Man... x | &) Hue - Hadoop UserE... ® @y Bay Area bike share ... x | <&

& | @ | quickstart.cloudera:8888/metastore/table/crime/crime_table @ | |Q Search ¥E 9 3+ A O =

Cloudera #lyHue [ElHadoop~ [EiHBasev [Ellmpalav [ZiSpark Solr Oozie Cloudera Manager Getting Started

aue #  QueryEditors ¥  DataBrowsers ¥  Workliows v Search  Security B =@ &~ B ®»
BB Metastore Manager

& Eorime

Tables § Databases crime crime_table

E5 crime_table
Add a description

Overview  Columns (18)  Sample  Details

Name Type Comment

int Adct a cof

frensenumber int
secode smallint
offen: extension bigint
Ll offensetype string

Ll sumr smallint

S R S NS
E
5

Lt summari; string

@
)& &1 = iR {3 @ @ riohtcyl
oy

W o 1LS9AM

(g =R R )

Figure 12: System main links and table creation

4.6.6 The data warehouse

In Apache Hadoop, you can create as many data waseh as the organization may need. In this
research, crime management data warehouse waedkehich houses all the crime data. This data ware
house contains tables which contains crime infaonatThe analytics are performed on the tables

available in the data warehouse.
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«% Applications Places System % & FriMar31, 1:40AM  cloudera ) E"ﬂ @;‘

) Hue - File Browser - Mozilla Firefox = L

Cloudera Live : Welcom... / @y Hue - File Browser % \ b

€ @ quickstart.cloudera:: ser/ @ || Q search

“ICloudera #fiHue [EJHadoopv~ [EJHBasev [Eimpalav [ESparkv siSolr [F0ozie  Cloudera Manager = Getting Started

diueg #  Query Editors v Data Browsers Workflows v Search  Security v R =2 o« e B ™
B File Browser
Search for file name L Actions v | X Move to trash | @ Upload v @ New v
# Home / user/ cloudera ~ History @ Trash
Name 4 Size User Group Permissions Date
[ hdfs supergroup drwxr-xr-x March 10, 2017 02:17 AM
| cloudera cloudera drwxr-xr-x March 30, 2017 10:43 PM
I CRIME MANAGEMENT cloudera cloudera drwxr-xr-x March 31, 2017 01:37 AM
| crime data cloudera cloudera drwxr-xr-x March 23, 2017 12:13 AM
Show 45 j of 2 items Page 1 jofl M« » M
@ Hue - File Browser - M... | [T @

Figure 13: The data warehouse
4.6.7 Loading data into the Hadoop system
Crime data can be loaded into the HDFS either fiteencrime management systems directly using Sqoop
or data loaded as files (CSV files. Excel filexttiles). After this data is loaded into HDFScdn then
be loaded to Hive where the columns containingrimidion in the files or from the databases turmgd i
tables like in SQL and different operations camthe performed in hive using HiveQL which are more
like SQL statements in relational databases.

Cloudera Live : Welcom... x | @) Hue - File Browser x | 4p

r/cloudera/CRIME MANAGEMENT

€ | @ quickstart.cloudera

c 7‘ | @ search

[“ICloudera #)Hue [JHadoopv~ [JHBase~ [llimpalav~ [fISparkv siSolr [Oozie  Cloudera Manager « Getting Started

diue #  Query Editors ¥ Data Browsers v Workflows ~ Search  Security ¥
B File Browser
arch for file name £ Actians ~ X Move to trash v @ Upload v © New v
# Home / user/ cloudera/ CRIME MANAGEMENT v History @ Trash
1 Name 4 size User Group Permissions Date
[ cloudera cloudera drwxr-xr-x March 30, 2017 10:43 PM
[ cloudera cloudera drwxr-xr-x March 31, 2017 01:37 AM
@ 201icrimes.csv 36.4 KB cloudera cloudera AW—T— March 31, 2017 01:37 AM
@ 2012crimes.csv 349 KB cloudera cloudera W= March 31, 2017 01:37 AM
4 2013crimes.csv 48.2 KB cloudera cloudera T~ March 31, 2017 01:37 AM =
[ 2014crimes.csv 86.8 KB cloudera cloudera TWH—T— March 31, 2017 01:37 AM
Show 45 j of 7 items Page of 1 M € M
~

@ Hue - File Browser- M... \

Figure 14: The loaded crime data in Hadoop system
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4.6.8 The Meta store manager

This is a functionality of the system that manatiesinformation stored. Using this functionalityguy
can manage the data warehouse and the table®\sadtthe list of the tables in the active dataetmuse

is displayed on the left end of the Metastore managhen you select one of the displayed tablss, it
relevant information is displayed like when it wasated, the file size and its location. Also tie ¢an

be downloaded.

] Hue - Metastore Manager - Metastore - Mozilla Firefox =S

Cloudera Live : Welcom... x | &) Hue - Metastore Man... x | ¢

€ @ quickstart.cloudera

@ ||Q search wAa U3 ae =

“|Cloudera #yHue [EjHadoopv [EIHBasev [Ellmpalav [ElSparkv «zSolr [30ozie Cloudera Manager Getting Started

(=] # QueryEditors ¥  DataBrowsers ¥  Workflows ¥ Search  Security > B = o8~ @ = »
BB Metastore Manager

£ = crime_management

Tables o Databases crime_management crime_2013
E5crime_2011
it Add a des crption.
EHcrime_
EHcrime_2013
EHcrime_2014 Overview Columns (9) Sample Detalls k
E5crime_2015
Bianime, 2015 PROPERTIES STATS 2
EHcrime_2017
& Table = Location
& cloudera ] 1 files
© Thu Mar 30 23:11:53 PDT 2017 = 49311 bytes
[} text B Not compressed
COLUMNS (9)
Name Type Comment
3 a1 e St it ey
| @ Hue - Metastore Mana... = | @

Figure 15: The Metastore manager
4.6.9 Reports
Using HiveQL which are more like SQL of the relatd databases, the information in the crime
management data warehouse is queried and the edqaformation is extracted in form of reports whic
can be analyzed directly, printed or saved in HEd¥3ater use.

3] Hue - Metastore Manager - Metastore - Mozilla Firefox —

Cloudera Live : Welcom... x | @y Hue - Metastore Man... x | 4=

€ ) @ | quickstart.cloudera tcrime_2013 ¢ ||Q search ¥ B + H & =

[“ICloudera #l*Hue [EiHadoop~ [EiHBasev [ilmpalav [[dSpark~ «.iSolr [ Oozie Cloudera Manager = Getting Started

shue A  QueryEditors ¥  DataBrowsers ¥  Workflows ¥  Search  Security v E DT €& @ B ®

BB Metastore Manager

¢ = crime_management 4 |crime_z013.offensecode ~ crime_z0l13.offence  crime_2013.datereported ~ crime_2013.0ccurreddate — crime_2013.diswrict  crime_2013.zone  crime_2013
Tabies 1 |em HOMICIDE 12/31/2013 11:10:00 PM 12/31/2013 11:09:00 PM F Fz 11402.20117
i crime_2011 2 |91z HOMICIDE 12/14/2013 12:27:00 PM 12/13/2013 11:00:00 PM F F1 10702.1015¢
Herime_2012 3 999 HOMICIDE 05/28/2013 07:06:00 PM 05/28/2013 07:06:00 PM G G3 9000.10058¢
Ferime_2013 4 |oo9 HOMICIDE 07-02-13 5:16 07-01-135:16 o 02 9300.30761:
Fcrime_2014
arine, 2618 5 |1202 ROBBERY 05/28/2013 06:02:00 PM 05i28/2013 06:02:00 PM R R2 9400.30871(
Eer e, 2B 6 |1203 ROBBERY 0U/31/2013 03:03:00 PM 01/3172013 02:31:00 PM M M3 8200.10058¢
5 crime_2017 7 |1208 ROBBERY 04/19/2013 01:35:00 AM 04/18/2013 10:26:00 PM c c1 6100.20019¢
8 |1205 ROBBERY 04/19/2013 01:35:00 AM 04/18/2013 10:26:00 PM C cL 6100.20019¢
9 |1208 ROBBERY [wﬁzou 01:35:00 AM 04/18/2013 10:26:00 PM o c1 6100.20019¢
10 |1208 ROBBERY 11/25/2013 0B:46:00 PM 11/25/2013 08:46:00 PM u uz 5302.20018¢
1 |1208 ROBBERY 04/19/2013 01:35:00 AM 04/18/2013 10:26:00 PM (S cL 6100.20018¢
12 | 1208 ROBBERY 11/25/2013 08:46:00 PM 11/25/2013 08:46:00 PM U uz 5302.20019¢
13 |1205 ROBBERY 11/25/2013 08:46:00 PM 11/25/2013 08:46:00 PM U uz 5302.20019¢
124 1208 enRRERY 0773012012 08:90:00 AM 0713012012 08-20-00 A1 IS E3 11300.1005¢
| @ Hue - Metastore Mana... | [ L |

Figure 16: Information Reports
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4.6.10 The HiveQL

This is SQL like commands that are used to extregtired information in form of reports from crime
management data warehouse. HiveQL was developédisatprofessionals in the field who use SQL on
their every day job does not get difficulties whesing Hadoop. These commands are used in Hive which

is obtained when Hue is launched. The figure belemonstrates the use of HiveQL in Hadoop.

Hue - Editor - Mozilla Firefox

about:sessionrestore % | @y Hue - Editor x | d8

ebook/editorzeditor=14 c | |Q search | Tl +¥ i & =

& @ quickstart.cloudera 85

“Icloudera #iHue [JHadoopv [EIHBasev [Eimpalav [Esparkv ~Solr  Oozie ' Cloudera Manager  Getting Started

d$ue # QueryEditors v  DataBrowsers ¥  Workflows v Search  Security ¥ E =2 &v @ »
s> Hive 9D Addaname.. Addadescription.. o« o e
{ Ecrime
Tables

1 select crime_table.offensecode,

E crime_table 2 crime table.summarizedoffensedescription,
3 crime table.datereported,
4 crime_table.districtsector,

5 crime table.zonebeat from crime table; 3
>
Results
4 crime_table. crime_table. i (i crime_table. crime_table.distri crime_table.zor
1 2305 CAR PROWL 01/24/2012 10:07:00 AM G G1
2 2303 SHOPLIFTING 05/26/2012 08:20:00 PM Q Q3
3 |2399 OTHER PROPERTY 06/24/2012 05:29:00 PM Q Q3
4 |2404 VEHICLE THEFT 03-08-14 6:57 K K1
5 2202 BURGLARY 04-08-14 15:59 L LL
| @ Hue - Editor - Mozilla F. . | @ Desktop | = e 1

Figure 17: The HiveQL for Generating Reports
4.6.11 Analytics on crime data in the crime management data warehouse
Different visualizations are very easy to obtaimgghe data in the crime management data warehouse
by just a click. The data visualizations which t&nobtained from the crime management data warehous
include bar charts, line plots, pie charts, maps.t#ese can be obtained depending on the needs of

decision makers.

w* Applications Places System @& @& Fri Mar 31, 12:08 AM  cloudera @) e I
] Hue - Editor - Mozilla Firefox e Gl

Cloudera Live : Welcom... x | & Hue - Editor x |\ dk

ok/editorzeditor=35 ¢ | [Q search % e + 4 ® =

€ )@  192.168.56.101:8888/T
[“lCloudera #yHue [EjHadoopv [EIHBasev [Elimpalav [ESparkv .:Solr [E}0ozie Cloudera Manager ' Getting Started
Sue #A QueryEditors ¥  DataBrowsers ¥  Workflows ¥ Search  Security ¥ E & o e o
s> Hive @ Addaname.. Adda description.. o O W

€ = crime_management .

Tables
B crime._2011
merime_2012 Query Histor Juer Resuits
offensecode (smallint) & pp— . |
P R 2305 ®Grouped O Stacke! crime_2011.month
datereported (string) f 1. ™ 2,3050n8
occl € (siring) - il O Zpag
i o)
2 o 4
il 1500
s " | crime_2011 offens:
s ) crime_2011.census €
manth (s a - 1,000
year (smallint) [ erime_2011.month
EHcrime_2013 [] erime_2011 year 500
offensecode (smallini) )
offence (string)
datereporied (string) SORTING 0
= N |

Figure 18: The bar chart visualization
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4.6.12 Benchmarking the developed system with oth&tate-of-Art Open Source Bl Systems

The seven (7) most common open source Bl platf@arasActuate, JasperSoft, OpenBl, Palo, Pentaho,
SpagoBIl and Vanilla (Bernardino & Figueiredo, 2Q1#) this section a comparison is carried to
benchmark the system with some of the state-of&drtplatforms. Bernardino & Tereso (2012)
(Bernardino & Figueiredo, 2014), Jorge (2011) awicttpr et al 2011) used the following features to

compare open source and commercial Bl tools, andéhwehat was used in the benchmarking.

Table 4: Comparison of the developed system with @ér State-of-Art Systems

Features Developed system| Jaspersoft Pentaho agpBI Vanilla
Reports yes yes yes yes yes
Graphics yes yes yes yes yes
Dashboard: yes yes yes yes yes
OLAP yes yes yes yes yes
ETL yes yes yes yes yes
Data mining yes yes yes yes yes
KPIs yes No yes yes yes
Data expor yes yes yes yes yes
GEO/GIS yes yes yes yes No
Adhoc querie yes yes yes yes yes
Linux yes yes yes yes yes
Windows yes yes yes yes yes
Unix yes No yes yes yes
Mac yes yes yes yes yes
Java yes yes yes yes No
Distributed storage ¢ yes No No No No
Processing

Fault toleranc yes No No No No
Scalability yes No No No No

The system was developed using Apache Hadoop ametited all the features of the platform as
discussed in section 5.2.1 in chapter five. Apantnfthe above features, this system was custontizbd
used in a law enforcement agencies setup with mdgoa warehouse schema already done. It was
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intended to be used in by police with less modifizes or configurations. This system took into
consideration the nature of data sizes and withodpdHDFS, it is believed that the system if
implemented on physical server clusters may perfoetter without any hardware issues. Running on
MapReduce ensures fault-free operations.
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CHAPTER FIVE: RESULTS AND DISCUSSIONS
5.1 Introduction
This chapter discussed the results of the resedutly based on the research objectives in chapter o
Also the comparison of the developed system wighaineady existing Business Intelligence Tools open

source tools was done.

5.2 Presentation of Results based on the Researchjéctives
As discussed in chapter one, the following sectimtussed the results of the research objectives in

chronological order.

5.2.1 Evaluation of the open source Bl tools used this study
The researcher did an evaluation of the most apiatepopen source business intelligence tool fer th
implementation of the proposed system. The re$ilteoevaluation is shown in table 1 below.

5.2.1.1 Criteria used for evaluation
The criteria used for the comparative study ofgbkected Bl tools are the features they have thable
them to perform the business intelligence taskshkd the open source Bl tool was studied to ddategm
the most tool for crime data analytics. This ciitarsed have been used by other researchers (Bermar
& Figueiredo, 2014), Jorge (2011), (Victetr al.,2011) and the features considered took into addben
available crime data which is in different form@ssructured, semi structured and unstructured crime
data). The following are the Business Intelligehmmicators/ Features that were considered in thidys

* Reports

» Dashboards

e OLAP — Online Analytical Processing

e ETL - Extraction, transformation and loading

« Data Mining

» KPIs — Key Performance Indicators

* GEO/ GIS — Geo Information System

* Ad-Hoc Queries

e Linux

* Windows

e Unix
e Mac
e Java

» Distributed storage & Processing
* Fault tolerance

e Scalability
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Based on the above Business Intelligence Indicatbes researcher made a comparison of five open
source Bl tools (Apache Hadoop, Jaspersoft, PenegoBl and Vanilla) to determine the appropriate
tool for the implementation of a low cost Bl systéan Law Enforcement Agencies. Apache Hadoop had
more features as compared to Jaspersoft, PentglagoBl and Vanilla as shown in table 4 below.
Therefore the researcher identified Apache Hadedb@most appropriate open source Bl tool to lee us
in this study for the implementation of a Businég®lligence System to support crime management in
law enforcement agencies.

Table 5: Open Source Business Intelligence Platforsr-eatures

Features Apache Hadoop Jaspersoft Pentaho Spd&jo | Vanilla
Reports v v v v v
Graphics 4 4 v v v
Dashboard: 4 4 v v v
OLAP v v v v v
ETL v v v v v
Data mining v X v v v
KPls v X v v v
Data expor v v v v v
GEO/GI< v v v v X
Adhoc querie 4 v 4 v v
Linux 4 v v v v
Windows 4 4 v v v
Unix 4 X v v v
Mac v v v v v
Java v v v v X
Distributed storage ¢ v X X X X
Processing

Fault toleranc v X X X X
Scalability v X X X X

5.2.1.2 How this study will help BI system developg and consumers
This study will act as a guide to both the big datstem developers and consumers as it will aatraad
map in selection of the best and most efficientnog@urce Bl tool for crime data analytics. The ciida

of the tool to use will depend on the problem atch&éo be solved but the researchers believe tligt th
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study will help the developers and consumers iningatheir decisions on which open source Bl tool to

use in their data analytics.

5.2.2 Performance Analysis of Bl algorithms on Crire Prediction

The second objective was to investigate the apatgpBl algorithm for crime prediction. The resdwec
considered classification algorithms which inclu#, Naive Bayes, Multilayer Perceptron and SVM.
The researcher used data from two data sourcegrittmary data was got from Uganda Police and the
secondary data was got from UCI machine learnindpsite. The researcher then carried out a
performance analysis of the above algorithms aed thhe accuracy of the algorithms was compared

based on the two data sources as explained imtlbgaing sections.

5.2.2.1 Performance Analysis of Bl Algorithms usingrime data from UCI machine learning

repository website

The researcher used WEKA machine learning tool.résearchers then applied 10 folds cross validation
on the crime data set identified above and the ageeraccuracy of J48, Naive Bayes, Multilayer

Perceptron and SVM was 100%, 89.7989%, 98.5632%92r8l/ 24%, respectively. Also the average

execution time of the algorithms was 0.06, 0.126%nd 0.66 seconds for J48, Naive Bayes, Muliilaye

Perceptron and SVM respectively.

Table 6: Comparison of the algorithms on training cime data

Algorithm Execttion time in | Accuracy Incorrectly | Precisior | Recall | F
seconds using classified measure
windows 7 32 bit instances

Jat 0.06se 100% 0% 100% 100% | 100%

Naive Baye | 0.14se 89.94259 10.05759 90.4% 89.9% | 90.1%

Multilayer 9.26se 100% 0% 100% 100% | 100%

Perceptron

SVM 0.66se 93.67829 6.3218% 93.5% 93.7% | 93.4%

Table 7: Comparison of the algorithms on testing ath validation crime data

Algorithm Execution | Accuracy Incorrectly Precision Recall F measur
time in classified
seconds instances
Jat 0.1se 100% 0% 100% 100% 100%
Naive Baye | 0.103se 89.61049 10.38969 89.4% 89.6% 89.3%
Multilayer 9.21se 100% 0% 100% 100% 100%
Perceptron
SVM 0.28se 92.20789% 7.79229 91.9% 92.2% 92.8%
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Based on the above results from tables 6 & 7, J4BMultilayer Perceptron have the best accuracy,
precision, recall and F measure of 100% but thewgi@n time of J48 and Multilayer Perceptron ark O.
and 9.21 seconds respectively. This means thatdd&redict accurately crime data within a shortest
time period than Multilayer Perceptron. Also Sugipdector Machine is the third in this comparison. |
has the accuracy of approximately 92% which cadyme relatively very good results when dealing with
crime prediction. Naive Bayes has relatively goodusacy when compared to Support Vector Machine
but it executes in relatively little time when coaned with Support Vector Machine. Therefore whea on
requires very good accurate predictions, decigiem (J48) and Multilayer Perceptron are the bebop

but when the execution time is a factor to consiep, then decision tree (J48) can work best. In
conclusion, the researcher noted that J48 perfaenarbetter than all other algorithms.

5.2.2.2 Performance Evaluation of Bl Algorithms usig crime data from Uganda Police Force

The researcher used WEKA machine learning tool.r€searchers then applied 10 folds cross validation
on the crime data set identified above and the ameeraccuracy of J48, Naive Bayes, Multilayer
Perceptron and SVM was 96%, 88.9425%, 97.2% an@6782%, respectively. Also the average
execution time of the algorithms was 2.06, 2.14262nd 3.66 seconds for J48, Naive Bayes, Mudtilay
Perceptron and SVM respectively.

Table 8: Comparison of the algorithms on training c¢ime data from UPF

Algorithm Execution time ir | Accuracy Incorrectly | Precisior | Recall | F
seconds using classified measure
windows 7 32 bit instances

Jat 2.06se 96% 4% 96.1% 96.5% | 96.6%

Naive Baye | 2.14se 88.9425Y% 9.0575% 83.4% 88.9% | 89.1%

Multilayer 12.26se 97.2% 2.8% 97.4% 97.8% | 97.3%

Perceptron

SVM 3.66se 92.6782% 6.3218% 92.5% 92.7% | 92.4%

Table 9: Comparison of the algorithms on testing aah validation crime data from UPF

Algorithm Execution | Accuracy Incorrectly Precision Recall F measur
time in classified
seconds instances
Jat 2.1sei 96.2% 3.7% 96.1% 96.0%% | 96.2%
Naive Baye | 2.103se 88.6104Y 9.3896Y 88.4% 88.6% 88.3%
Multilayer 12.21se 97% 3% 96.8% 97% 97.2%
Perceptron
SVM 3.28se 91.2078% 8.7922% 90.9% 91.2% 91.8%

Based on the above results from tables 8 & 9, Mykir Perceptron performed better with good results

(high accuracy) as compared to J48, Naive BayesSafid though it takes long time to execute as
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compared to the rest. J84 has also a very goodamclevel performance after Multilayer Perceptron
and with minimum execution time as compared totladl three. SVM had the third best accuracy

performance and the last was Naive Bayes.

5.2.2.3 Comparison of the Results of Crime Data fddCL Dataset and UPF Dataset

According to the results from tables 6, 7, 8 & 88 And Multilayer Perceptron algorithms dominated
with very good accuracy level. In general accurddyltilayer Perceptron performed better than J48 fo
both datasets from UCI machine learning repositeepsite and from Uganda Police crime data. On
execution time, J48 Algorithm has a very short eXea time as compared to Multilayer Perceptron,
Naive Bayes and SVM. Support Vector Machine hadthivel best performance in both accuracy and
execution time. Lastly, Naive Bayes had the leagioppmance accuracy though with minimum execution
time as compared to Multilayer Perceptron. Theeefoased on this study, the researcher recommends
both J48 and Multilayer Perceptron algorithms fdme prediction. Multilayer Perceptron had the leigh

accuracy than J48 and the later also had very iaewgion time.

5.3 Comparison of the developed system with otherg@n Source Bl Systems

The third and fourth was to design and develop ainess intelligence system to support crime
management for law enforcement agencies. The sys@snimplemented as described in section 4.6 in
chapter four. A comparison of the developed system the other existing state of art was done in
section 4.12 of chapter four. Apart from the feasudiscussed in section 4.12, the developed systsm
customized to be used in a law enforcement ageseiep with major data warehouse schema already
done. It was intended to be used in by police Vs modifications or configurations. This systemkt

into consideration the nature of data sizes anth Wiadoop HDFS, it is believed that the system if
implemented on physical server clusters may perfbetter without any hardware issues. Running on

MapReduce ensures fault-free operations.

5.4 Hadoop Framework Opportunities in Bl

Hadoop framework has shown great opportunity ferdbvelopment and implementation of low cost BI
systems. This is because of the power to storenaaipulate large datasets on commodity servers.
Hadoop is mainly composed of two components; theyHadoop File System (HDFS) and MapReduce.
HDFS enables the storage of larger data sets thamah file systems can handle. This is achieved by
breaking down the large data into smaller unita@et of nodes. MapReduce allows the manipulation o
data on each node and consequently the overallljud programming model of MapReduce has opened
up opportunities for other Hadoop projects whichkesaeasy development of Hadoop systems. They
provide tools that can be plugged into various esses required in the implementation of Hadoop BI

systems.
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5.5 Big Data Analytics in Police to Curb Crimes

The researcher noted from literature that crima dapolice agencies is increasing and also theepiee

of big data in the other sectors of the economy, éaforcement agencies especially police in Uganda
have not been left out. Increased use of informagigstems, social media and other unstructuredidata
the law enforcement agencies, has resulted int@hle@omenon of “Big Data”. The term “Big Data” is
described by the 4Vs; Volume, Velocity, Variety aneracity; meaning data that is huge, growing fast,

all sorts of formats, and which is uncertain. Amiakyaround this kind of data is seen to pick maoimen
Possible analytics around big data in the law eeforent agencies is distribution of crime in giveniqd

of time to determine pattern, crime prediction.

5.6 Data Analysis using R Software

R statistical software was integrated to Hadooacttieve the transfer of data stored in the Hadhogiar

to R environment for analysis. Once data is in Rhevorking space, several statistical analyses @n b
carried out. With the various integration optiongaitable as discussed above, R computational
capabilities are brought right into Hadoop. Althbudadoop has analytics capabilities, R being a reatu
open source statistical software, has natural vedydata analysis. R has inbuilt algorithms for data

mining and prediction.

5.7 Hadoop and python

Even though the Hadoop framework is written in jguagrams for Hadoop are not necessarily coded in
java but can also be developed in other languagegithon or C++. Python language can be used to
develop map reduce programs which are the key énutiilization of data in HDFS. Therefore the

developed system allows the users to perform cdata analysis and write map reduce programs using
python.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
It has been shown that Hadoop provides a greatrappty to developers who aspire to implement
solutions dealing with large amounts of data tyibjceermed as “Big Data”. Law enforcement agencies
should take a lead to incorporate this low-costihetogy into their information systems so as teabl
take advantage of Business Intelligence. R is ptsmerful and can work well with Hadoop to analyze
data for further insights. Developers can takeaathge of these open source tools especially Hadoop
framework and implement sophisticated solutionst than improve organization’s performance.
However, Hadoop technology is still developing andre research is required to make it mature for
development of enterprise systems. The challenggdfan this project was that Hadoop framework has a
long learning curve and most developers in orgdioiza especially in Law enforcement agencies may

find it a bit challenging to incorporate it in th@irojects.

Based on the findings of this study, the study teofed that in adoption of a technology, key dedcisio
maker characteristics, user characteristics andir@maental characteristics were very essential
components for adoption of Bl. User characteristiegsh as users’ education level and computer diyera
determined the speed of adoption of a technologyth@ other hand, environmental characteristict suc
as competitive pressure also influence the leveldafption of innovation. The intensity of competitiin

a market affects firm incentives to improve in afipects hence the need for technological adoption.
Finally, key decision makers of the organizatiorkenthe final decision on whether to adopt a tectap!

or not. Therefore, decision makers’ level of conapigducation and innovativeness plays a key role in

adoption of a technology.

The researchers recommended Apache Hadoop forebelappment of a Bl System to support crime
management because it has some functionalitieshwdrie not found to other open source tools which
includes but not limited to distributed storage anacessing of big data sets, Ability to store process
huge amounts of any kind of data quickly, fast cotimg power, Fault tolerance, Flexibility (processe
structured, semi structured and un structured data) Scalability which are key to handle the ever
increasing data which is in different forms (sturetd, semi structured and unstructured data). Hadoo

represent an increasingly important approach fta-ggensive computing.

6.2 Challenges and Limitations

The following challenges were faced in the resegrofect:

1. Data complexity — Use of data obtained onlinevjgled a great challenge as it included a lot of
information including irrelevant columns, thus reing time to cleanup and contextualize the datthéo

local scenarios.
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2. Time - the time available to conduct this reskaxas constrained by its due date. More time would
have been needed to expand the prototype withiadaitfunctionality that would demonstrate the powe

of analytics and Bl, allowing for the inclusionsdme of the requirements noted in the survey.

6.3 Contributions of the study

The study helped the researcher to identify thetrappropriate open source Bl tool suitable for the
development and implementation of a low cost Bltays not only for law enforcement agencies
especially police but also to other sectors likaltme education, finance. The researcher noted that
Hadoop framework as the most appropriate tool far development and implementation of the Bl
System to support crime management in law enforoeragencies and crime data mining due to its
robustness, fault tolerance, easy to use, abditwdrk with other data analysis tools like R andhiey
programming languages (Chapter five sections 5:52.1.2, 5.6, 5.7). The study also helped totiflen
the most appropriate Bl classification predictidgoaithm for crime predictions. Decision tree (J48)
algorithm was considered the best classificatiaqyorihm for crime prediction after a performance
analysis was done on Naive Bayes, Support vectaehiMa, ANN (Multilayer Perceptron) and Decision
tree (J48). It was found out that both Decisior tf&18) and ANN (Multilayer Perceptron) had the sam
best accuracy but Decision tree (J48) has the estoelxecution time, hence this research considered
Decision tree (J48) as the best algorithm (Chdptersections 5.2.2 — 5.2.2.3, tables 6, 7, 8 &®™ally,

this study acts as the benchmark for the implentientaof business intelligence systems for law
enforcement agencies especially the police. A®wifit crime activities are on increase and witbt af
data in different formats (images, audio, strudumenstructured and semi structured), law enforceme

agencies need to counteract such challenges ancki@arch acts as a reference.

6.4 Recommendations

The researcher recommends that this project woulthdr be developed by incorporating real-time
Business Intelligence. This implies that, Hadoopuith be connected to the information systems asal al
social media to stream live content and updatelitssils in near real-time. Other Hadoop projects lik
Apache Flume are heading in this direction. Develsran take advantage of social media unstructured
content and aggregate to structured data of infoomaystems so as to improve analytics in the Law

Enforcement Agencies.
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