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Abstract. Crime prevention is the initiation and attempting to reduce, deter or 
remove crime and criminals. It includes the anticipation, recognition, and 
appraisal of making the right decision in crime risk. The decision support system 
(DSS) framework for decision making process has been developed to assist the 
decision makers. This research work is one of the efforts in crime prevention. The 
proposed framework contains of the decision making process based on crime 
forecasting interval range results. The Fuzzy alpha cut (FAC) and fuzzy inference 
system (FIS) are used in our proposed DSS framework. The use of expert system 
in the framework becomes a major discussion in this study. The aims are to 
enhance the interval range of crime forecasting and to improve the capabilities of 
DSS in terms of improving the decision making process and selecting the right 
action for crime prevention. 
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Introduction 

The pace of urbanization is rapidly increasing all over the world in recent decades. 
Crime, in truth, is one of the biggest problems in many countries around the world. 
Crime prevention is one of the important component of an overall strategy to reduce 
crime and to streghten public security. There is a wide range of studies on the efforts to 
improve the effectiveness of crime prevention, covering from developmental 
prevention, situational prevention and community preventions [1;  2; 3; 4; 5]. Crime 
prevention is now one of the most important global issues, along with the great 
concern of strengthening public security. Government and community officials are 
making an all-out effort to improve the effectiveness of crime prevention. Numerous 
investigations addressing this problem have generally employed disciplines of 
behavior science, statistics and computer science. 
 

Discussion of crime forecasting for crime prevention has been done by several 
researchers  [1; 2; 3; 4; 5]. Crime forecasting useful for supporting the tactical 
deployment of police resources [6]. The tactical decision making by police such as 
police duty deployment in the right situation and area. For example, in making the right 
decision in order to create a schedule and determine the number of police for duty, 
therefore the right crime forecasting value and right decision method are needed. 
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However, the crime forecasting results usually used for crime mapping.  
Currently, lack of researches done in the used of forecasting results in the selection 

decision process for crime prevention. In this article we discuss the decision support 

system (DSS) framework for decision making process used crime forecasting results. 

Integrating expert system (ES) with a DSS framework can improve the DSS 

capabilities. 
In addition, the integrated techniques of fuzzy alpha cut (FAC) and fuzzy inference 

system (FIS) have been employed in the proposed DSS framework.  
The rest of the paper is organized as follows: Section 1 and section 2 give the 

overview of the DSS and ES. Section 3, briefly discusses FIS. Section 4, illustrates the 
framework and Section 5, highlights several discussions and conclusions. 
 

 

1.  Decision Support System 
 
The objective of decision support system (DSS) is to support the human being who 
makes decisions. The DSS must be designed to communicate its information to its user 
in a manner that is readily understood and useful within the context of the decision 
situation [7]. The computer technology assists to improve the DSS process. A DSS is 
defined as they used by the computer to :[8]  

(a) Assist managers with their decision process in semi structured tasks;   
(b) To support, rather than replace managerial judgment; and  

(c) To improve the effectiveness of decision making rather than its efficiency.   
The definition of framework by Sprague  [9] is helpful in organizing a complex 

subject, identifying the relationship between the parts, and revealing the areas in 
which further developments will be required.  

Several of DSS framework have been proposed in many areas, such as in 
agriculture by  [10] which is involved social-economical, geographic information 
system (GIS), and expert system, human resource (HR) management by  [11]. Those 
applications embedded HR Intelligent DSS framework using hybrid between 

knowledge-based system and machine learning approaches, hazardous materials risk 
management decisions by  [12] which is included a number mathematical models and 
empirical rules in conjunction with the capabilities provided by database systems and 
GIS technologies. The application of e-government by  [13] which proposes the 
integration between e-government framework with DSS framework, and crime 

prevention by  [14] which is used fuzzy logic in their DSS framework. Integration of 
expert systems (ES) into DSS become trending research in this decade, the ultimate 
aims are to enhance the decision making process. This integration could improve the 
DSS capabilities. 
 

 

2.  Expert System in Decision Support System 

 

The integration of the DSS with Expert System (ES) framework could improve the 
DSS capabilities. Turban explained in  [15]. Four basic components of the DSS are: a 
database, a model base, an interface and a user. Addition of ES can be performed on 
each component. The used of ES in DSS as like Artificial Neural Network (ANN) for 
weather forecasting by  [16] and fuzzy logic for human resource appraisal and selection 
by  [17]. One of DSS framework with ES for crime prevention has been presented by 



Li, et.al.  [14]. Fuzzy logic is included in their framework, more details they used fuzzy 
self organizing map network (FSOM) to detect and analyze crime trend patterns to 
uncover hidden causal effect knowledge and reveal the shift around effect. 
 

In this study, we get the information about crime detail, as like series data on 10 
years of amount crime index for each crime type, the knowledge about kinds of crime 
prevention are made for each crime type, from experts in the police department.  

We suggest adding the ES in our proposed DSS framework for crime prevention 
like the use of fuzzy alpha cut (FAC) integrate with an ARIMA model for crime 
forecasting process, and the user of fuzzy inference system (FIS) in the decision 
making process for selecting the right decision based on crime forecasting data. The 
integration of selection decision techniques in FIS, FSOM and rule extraction is to 
discover the crime patterns and visualization, which will provide the information for 
the police management to determine the accuracy of decisions taken. Then, it will 
directly support the crime prevention. Meanwhile, the discussion of the integration 
FAC with ARIMA model we have written in  [18]. The detail information from the 
expert is included in the decision process, to get the appropriate crime prevention in 
every level of crime incident. It will provide the information for the police 
management to determine the accuracy of decisions taken. Then, it will directly 
support the crime prevention. The results can support police in assessing more 
appropriate law enforcement strategies, increasing the accuracy of selection decision, 
as well as improving the use of police duty deployment for crime prevention. 
 

 

3. Fuzzy Inference System (FIS) 
 
The fuzzy IF-THEN rules are expressions in the form of If A Then B, where A and B 
are labels of fuzzy set characterized by appropriate membership functions  [19]. Fuzzy 
IF-THEN rules form a core part of the fuzzy inference system (FIS)  [20].  

Fuzzy rule-based system or FIS is a system that is used to manage the relationship 
between the input and output variables of a system  [21]. In general, there are 3 types 
of FIS, there are Mamdani FIS  [22], Sugeno fuzzy model, and Tsukamoto fuzzy 
model. In this research, FIS is integrated with fuzzy Mamdani, where this model is 
widely used since due to it is easier to interpret and analyze compared to compared 
with the others  [23]. Basically, a FIS is composed of four functional blocks, as follow  
[21]: 
 

 A knowledge base, containing a number of fuzzy IF-THEN rules, and the 
membership functions of the fuzzy sets used in the fuzzy rules (fuzzy set 
database);   

 A decision-making unit that  transforms the inference operations on the rules;  
 

 A fuzzification interface, which transforms the crisp inputs into degrees of 
match with linguistic values;  

 
 A defuzzification interface, which transforms the fuzzy results of the 

inference into a crisp output.  
 

 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 A general scheme of a fuzzy inference system 

 
The Fig. 1 explains that a knowledge base refers to the rule base and fuzzy set 

database together. The main purpose of the knowledge base is to provide the fuzzy rule 
base that is needed for the fuzzy processor. The fuzzy rule base contains a set of IF-
THEN rules, which is developed by the experiences and knowledge of the experts. The 
fuzzification interface involves measuring the values of input variables. The decision-
making unit (fuzzy inference engine) simulates human decision-making in inferring 
fuzzy control actions based on the rules of inference in fuzzy logic. The defuzzification 
interface produces a fuzzy number for output, otherwise decision makers need a crisp 
number. Therefore, it will be converted the fuzzy output into a crisp output.  

The Mamdani method is a type of fuzzy relational model where each rule is 
represented by an IF-THEN relationship. It is also called a linguistic model because 
both the antecedent and the consequent are fuzzy propositions  [24]. An example of a 
Mamdani model : 

 
a) Single-input single-output  
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b) Two-input single-output 
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4. Integrated Framework of the Crime Prevention Decision Support System 
 
The proposed integrated framework employs the traditional DSS components such as 
model base, user interface and database. However a typical integrated DSS consists of 



five main components which are database, model base, knowledge base, user interface 
and inference engine. In this study, we used Mamdani FIS technique as an inference 
component to assist decision making in crime prevention. On the other hand, this 
framework embedded expert system technique with other DSS component. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 The integrated framework of DSS for decision making for crime prevention 

 

The proposed DSS framework contains three steps as illustrated in Fig. 2: 
 
 The first step is collecting the time series data into crime data index database. We 

sorted the data by monthly basis based on the type and area of crimes. 

 The second step is forecasting process, which is the integration model, ARIMA 

model with Fuzzy Alpha Cut. It has been discussed in our previous research paper 
[18]. This process used crime data index from crime index database. The 
advantages gained from this integration is better crime forecasting interval range. 
The results are stored in the index crime database.  

 
 The third step is clarifying the decision making process used Mamdani FIS, which 

is the input for decision derived from previous step. In this step we determined the 
crime rate index. This determination is purposely to formulate the crime rate 
limits. Subsequently, with IF-THEN rules of Mamdani FIS, it will then, 
established whether the crime forecasting interval range data are within the 
specified crime rate limits. The results obtained will determine the choice of crime 
prevention decision to be taken by authorities. 



5. Discussions and Conclusions 
 
In this research, we proposed DSS framework developed on purpose to assist and 
enhance the decision making process in crime prevention. In order to improve DSS 
framework we added the ES in step 2 and step 3. In step 2, the forecasting process, we 
integrate FAC with ARIMA model to improve the interval range results of crime 
forecasting. The used of Mamdani FIS in step 3 intends to help decision makers select 
the right action for crime prevention based on crime rate limits. As an example the 
value of crime forecasting interval range in the boundary limits, afterward the system 
will be make a selection decision by IF-THEN rules by Mamdani FIS. The integration 
FIS techniques are applied to improve decision making performance in attaining 
optimal results. Mamdani-type inference, as defined for the Fuzzy Logic Toolbox, 
expects the output membership functions to be fuzzy sets. 

As the IF-THEN rules coding example below : 
1. Create a range limit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Using range limit for choosing decision 

 

 

 

 

 

Range 1 : 

 

 

 

Range 2 : 

 

 

 

Range 3 : 

 

 

 

limit1=min; 

limit11=(min+interval)-1; 

limit2=limit11+1; 

limit21=limit11+interval; 

limit3=limit21+1; 

limit31=limit21+interval; 

 

if (forecast>=limit1 AND forecast<=limit11 ) 

THEN 

 Read into database 
Select query 

 Print  "Decision based on Forecast : Low level $dec1 " 

endif 

 



The results and model can support police in assessing more appropriate law 
enforcement strategies, increasing the accuracy of selection decision, as well as 
improving the use of police duty deployment for crime prevention. This research in-
line with one of the Malaysian government agenda as stated in National Key Result 
Area (NKRA), which is to reduce crime. The proposed framework is expected to 
provide an improvement for the police in terms of choosing decisions by using crime 
forecasting data. Further study is needed to amplify this proposed framework by 
detecting and analyzing crime trend patterns and visualization of temporal crime 
activity data. 
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