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ABSTRACT 

This computer aided decisions system for court cases aims at enhancing the court system 

in Saudi Arabia. The legal system of Saudi Arabia is based on Sharia and Islamic law derived 

from the Qur’an and the Sunnah. Judges in court rely on manually reading through previous 

cases that seem to be close to the ongoing case and base his or her decision the references found. 

This causes an amount of uncertainty in the scope and content of the country's laws.  

The project will make use of data mining, natural language processing and clustering 

concepts to produce a piece of software capable of helping judges to fast search previous cases 

and get the closest cases to the one ongoing as well as get similar references from the Quran and 

Hadith that are closest to the references used in any case. The final outcome of the project is a 

java based desktop application that serves as a prototype in favor of this cause.  



 

4 
 

 

1.  INTRODUCTION 

The legal system of Saudi Arabia is based on Sharia and Islamic law derived from the 

Qur’an and the Sunnah (the traditions) of the Islamic prophet Muhammad. The sources of Sharia 

also include Islamic scholarly consensus developed after prophet Muhammad's death. Uniquely 

in the Muslim world, Sharia has been adopted by Saudi Arabia in an uncodified form. 

 This, and the lack of judicial precedent, has resulted in considerable uncertainty in the 

scope and content of the country's laws. Nevertheless, Sharia remains the primary source of law, 

especially in areas such as criminal, family, commercial and contract law, and the Qu'ran and the 

Sunnah are declared to be the country's constitution. This project aims to reduce the uncertainty 

in the country's law by implementing a platform that leverages Natural Language Processing 

techniques and data mining concepts to achieve a system that helps judges make better and 

accurate decisions on judicial cases. 

Before we move on, I would like to mention that this project is a team based project. The 

model generation, similarity measures, classification, and clustering algorithms are worked on by 

graduate student Malika Mediouni as part of her master thesis. My part on the other hand 

concerned putting together the parts of the intelligence, the interaction between functions, data 

management, memory performance and creation of the user interface. 
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2. STEEPLE ANALYSIS 

The Social, Technological, Economic, Environmental, Political, Legal and Ethical aspects of this 

project were taken into consideration: 

 

Societal:  

Justice is a crucial aspect in society. This application aims at improving the decision 

making and reducing the uncertainty during law cases. 

 

Technical:  

The system is going to leverage natural language processing algorithms and data mining 

techniques to extract meaningful information from the large data already available. The goal of 

the project is going to be achieved through the use of various APIs. Additionally, the design of 

the interfaces will be based on User Experience improvement techniques. 

 

Environmental: 

One of the motivations of this system is to reduce the amount of paper involved in the 

process of retrieving information from previous documents. Thus, making the process as 

paperless as possible. 

 

Ethical:  

Data used during the process of information retrieval is highly confidential and only 

accessible to authorized parties only. 

 

Political & Legal:  

This project falls in line with the current laws of Saudi Arabia as the country aims at 

codifying Shari'a and this system shares the same motivation. 

 

Economic:  

The project does not have any direct impacts on the economy of the country.  
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3. METHODOLOGY 

The computer aided decisions for court cases purpose is to facilitate the decision making 

process in courts in Saudi Arabia. Thus, all test cases have been carefully managed in order to 

produce a prototype of what the final piece of software is. Due to the time limitations, the 

prototype of the application resides on a desktop environment only.  

The software engineering process to approach this application is the prototyping model 

approach [7] because our system is more algorithm heavy. A more popular software engineering 

process such as the waterfall model take more time in every phase of the process and would not 

suit this project given the time constraint of this capstone project. 

The first step of the development of the platform is studying the needs gathering 

requirements of the system. Following the requirements specifications, technology enablers were 

chosen accordingly. Since this is a project following the prototyping model, multiple prototypes 

were developed with additional changes and improvements on previous prototypes. The last step 

is to fix minor bug issues and make small changes to the UI for enhanced usability through clean 

and interactive/ responsive interface. 
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4. BACKGROUND 

As previously stated, the platform we are trying to achieve makes use of various concepts 

from machine learning and natural language processing techniques. The aim of this section is to 

cover basic knowledge for the reader to grasp the various concepts and there according 

terminology.  

 

4.1. Natural Language Processing for Arabic 

The prime data our application uses is written in Arabic language. And for it to be used in the 

model generation mechanism, it needs to be preprocessed. That means, the Arabic texts will go 

through various stages of the preprocessing pipeline: Normalization, Stemming and finally 

removal of unnecessary words. Every step is explained and illustrated through an example. The 

following sentence will be used for illustration. 

Original sentence:  منذ أربعة أشهر، بدأت أدرس اللغة العربية 

 

4.1.1. Normalization 

Text Normalization refers to converting an expression into a standard form [2]. A standard 

form would be any conventional form that facilitates word’s retrieval. Normalizing text written 

in English for instance consists mainly of words’ tokenization (i.e. separating text into 

comprehensive words, based on specific delimiters). While we could find several words’ 

delimiters in Latin Languages (e.g. space, apostrophes etc.), the only words’ delimiter in Arabic 

is space. Therefore, Arabic text tokenization is pretty much straightforward.  

 

4.1.2. Stemming 

Stemming refers to the act of reducing a morphologically transformed word to its root. 

Arabic stemming methods usually consist of removing the words’ affixes. Stemming of the word 

 There is a variety of stemming algorithms that .”سأل“ would result in the tri-literal root ”سألتمونها“

were specifically tailored for Arabic. The two most widely cited, and consequently most used, 

Arabic stemmers are Khoja and Light Stemmers. Alongside these two, we preprocessed our 

Arabic texts using three other stemmers, namely Motaz, Tashaphyne and Isri Stemmers. All of 

them are provided by the SAAFAR API, which we will discuss in details in other sections. 
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4.1.3. Unnecessary Words 

Unnecessary words are words that are not helpful to making models more accurate. In fact, 

they don’t add any meaning to computer models and they are referred to as text noise. Also, 

these words exist in two main categories: 

 

 stop words: such as transition words are words that are present in every text and are 

meaningless to the computer model no matter the context of the text is. 

 

 special words: are words which do not contain important significance to be used in in the 

model depending on the context. For example, personal names, countries, currencies etc. 

Thus, there is no universal set of special words; every context may require a different set 

of special words. 

 

4.1.4. Illustration of Arabic preprocessing 

The table below is an example of the various stages of preprocessing Arabic text using the 

following sentence: 

Original sentence:  منذ أربعة أشهر، بدأت أدرس اللغة العربية 

 

Step Sentence Change Happened 

Normalization منذ أربعة أشهر بدأت أدرس اللغة العربية Notice the comma was removed after 

normalization 

Stemming منذ اربع شهر بدا درس لغ عرب Notice that the words in the sentence 

were changed to their root words 

Stop words اربع شهر بدا درس لغ عرب Notice the word “منذ” which is 

considered as a stop word was 

removed. 

Special words عرب شهر بدا درس لغ  Notice the removal of the word “اربع” 

which is in this context considered a 

special word. 

Table 1: Arabic Natural Language Processing example 

Final sentence:  شهر بدا درس لغ عرب 
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4.2. Model Creation 

Based on our preprocessed data, the next step is to generate a model that the user will use to 

classify and find similar data based on his input text. There two types of models that our frame 

work generates: 

 

4.2.1. Classification models 

Classification models are models that are used to classify input data. An anti-spam software, for 

example, uses a classification model to determine whether an email is spam or not. This is 

achieved by first identifying the features that make a spam email, second feeding various emails 

to the model and based on the features set, the model would classify an email as being normal or 

spam. In machine learning, this approach is referred to as supervised learning since the used 

defines the set of attributes the model will use. Figure 1 illustrates a very basic model that 

classifies a person to be male or female based on their hair length. 

 

Figure 1: Classification Model Example 

In our case, we specify the necessary classes to the classifier based on the categories in the 

dataset. Furthermore, our framework relies on two algorithms for this task: Naïve Bayes 

algorithm and Decision trees J48 algorithm.  
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4.2.2. Clustering models 

Clustering models, on the other hand, groups together data in such a way that objects in the 

same group are more similar to each other without the interference of a user; thus, it is referred to 

as unsupervised learning. Following is an example of a clustering model which creates three 

clusters based on the input data. 

 

Figure 2: Clustering Model Example 

In our case, these models are used to detect text similarities between already existing data 

and input. Existing data includes previous court case documents, Qur’an, and Sahih Bukhari 

books. Also, our platform relies on two algorithms to achieve this function: K-means clustering 

algorithm and hierarchical clustering algorithm. Finally, please note that the specific details on 

all the algorithms used and the reason why they were chosen are to be discussed in Mediouni 

research project. 
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5. REQUIREMENT GATHERING 

5.1. Functional Requirements 

Datasets management: The system should enable the user to  

1. Remove a dataset 

2. Create a data set based on desired directories. 

NLP settings management: The system should enable the user to 

1. Remove NLP settings 

2. Create Natural Language processing settings by enabling or disabling: 

● Normalization 

● Stemming and the algorithm to use 

● Stop words file path 

● Special words file path 

● Chose sections to use from files 

Models management: The system should enable the user to 

1. Remove a model. 

2. Generate a model by providing the following: 

● Data set, Quran or Hadith 

● NLP settings 

● Purpose: Categorization or clustering 

● Algorithm: K-means, hierarchical, Naive Bayes, decision trees J48. 

Model Testing: The system should enable the user to get files that have similar text with similar 

meaning and context given: 

● Input text and a model. 

● A reference and a Quran model. 

● A reference and a Hadith model. 

● Save results of a model 

 

5.2. Nonfunctional Requirements 

Scalability: The size of the data set must not affect memory when pre-processing nor it should 

crash the program. 

Localization: The platform should be available in both English and Arabic language. 
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Platform compatibility: The system should be cross-platform (Windows, Linux and Mac OS). 

Performance: The application performance should be optimized and the response time should be 

minimal. 

Usability: The system should allow the user to make various combinations using different NLP 

settings, datasets to create models. These models would then be chosen according to their 

precision and accuracy.  

 

5.3. Use Case Diagram 

 

Figure 3: Use Case Diagram 
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6. TECHNOLOGY ENABLERS 

 

All MVC components are implemented in Java 1.8. And the reason 

is to make the system cross platform  

 

Eclipse IDE was used to easily keep track and manage the project 

components throughout the development phase 

  

Ini4j is an open source library that allows easy read and write 

operations from configuration files. 

 

Weka is an open source software with collection of machine 

learning algorithms for data mining tasks. These algorithms are 

used to generate various models using different datasets. 

 

Stands for Environment for Developing KDD-Applications 

Supported by Index-Structures and it is used at the level of the 

controller to use the clustering models and for similarity measures  

 
Stands for Software Architecture for Arabic language processing. 

Developed by EMI students and it is a platform for Arabic natural 

language processing. 

Table 2: List of Technology Enablers Used 
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7. DESIGN 

7.1. Software Architecture 

It is important to keep in mind that this project followed a prototyping approach to achieve the 

final satisfying outcome. The software design pattern that was used is the Model-View-

Controller model and the reason for this is to support the design principle of separation of 

concerns and code readability and maintainability. 

The computer aided decisions for court cases project is a prototype that shapes the final idea of 

the actual application that is going to be worked on in the near future. The figure next shows the 

architecture respected by our application.  

 

 

Figure 4: Software Architecture 

 

The presentation layer tier is based on the Java swing components libraries and it interacts with 

the intelligence layer through local function calls. The logic tier, however, has static functions 

that make use of the SAFAR, WEKA and ELKI APIs to process Arabic texts and generate and 
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test models based on the user inputs. The data access layer, on the other hand makes use of static 

java functions to manipulate files and directories that are stored locally. The reason for not going 

for an actual database instead of relying on local storage is the previous progress that my 

teammate achieved before was based on local files. Given the timeframe of this project the 

application would not be finished if we switched to an actual DBMS. 

 

7.2. Sequence Diagram 

 

Figure 5: Sequence Diagram 
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7.3. Class Diagram 

The following class diagram describes the data model: 

 

Figure 6: Class Diagram 
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The following table describes the input and output of the functions mentioned above. 

Function Parameters Output 

getTotalFiles() Void Returns the total number of 

files under all the directories 

of all the paths of the data set. 

getTotalCategories() Void Returns the total number of 

categories under all the 

directories of the dataset 

getCategories() Void Returns a Hashset of the 

categories under all the 

directories of the data set 

clusternewInst() String newtxt 

String Modelpath 

Returns the cluster index for a 

new text instance 

classifynewInst() String Modelpath 

String text 

Returns the category of a new 

text instance 

measureSimilarity() String modelpath 

String text 

Returns a map with the files 

and their similarity 

percentage according to the 

input text in descending order 

createModelIni() String datasetName 

String settingsname 

String name 

String purpose 

String algorithm 

Creates a settings file that 

stores all the options for the 

model being generated 

createClassifier() String pathfilename 

String algorithm 

Creates model with the 

purpose of classification  
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createCluster() String pathfilename Creates model with the 

purpose of clustering 

getClusterProperties() String ModelPath Returns the precision of the 

clustering model 

getClassifierProperties() String ModelPath Returns the precision of the 

classification model 

Table 3:List of High Level Methods used 
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8. IMPLEMENTS 

8.1. Data Repositories 

All Ahkam are stored in a repository. Every hukm is categorized by its respective year and 

category. Figure 5 shows how the folders of the repository are organized. 

 

Figure 7: Structure of Data Repository 

 

Figure 8: Structure of Hukm File 

The root folder contains subfolders named by years. Every year directory contains subdirectories 

named after hukm categories. Last nodes are the actual hukm files under each category. Every 

hukm is stored in a .txt file. As shown in figure 6, every hukm file has header tag that identifies 

it as a hukm. The other attributes represent the actual sections of the hukm. 
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8.2. Data Set 

A data set is a collection of subdirectories from the main repository. Figure 7 shows the process 

of creating a data set. 

 

Figure 9: Dataset Panel 

The create button would make a dataset object and serialize it in a file under the specified 

name in the directory datasets. In the example above, the object would contain the following list 

of Strings: 

 2000/category_a 

2000/category_b 

2000/category_c 

2000/category_d 

Moreover, Qur’an and Sahih Bukhari are present by default as data sets at the phase of the 

model creation. Both the Qur’an and Sahih Bukhari are stored locally as XML files to facilitate 

reading their information. 
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8.3. Text Processing Settings 

The text processing options specify the natural language processing settings to use for all the 

files of a data set. Figure 8 shows the interface to create the text processing settings. 

 

Figure 10: NLP Settings Panel 

 

Figure 11: Structure of File Describing a NLP Settings File 

All these settings would get saved into a .ini file with the specified name under the settings 

folder. Figure 9 illustrates the content of the settings file. 

Every settings file has attributes that indicate: 

● the algorithms 

● the paths of the undesired words 

● The hukm sections to use  

 

  



 

22 
 

8.4. Model Generation 

There are five necessary attributes to generate a model: A dataset, a settings file, the purpose 

of the model, the algorithm to use and A name. Following figures (10 - 12) illustrate the process 

of a model being generated based on the settings and data set create previously:  

 

Figure 12: Model Panel 

 

Figure 13: Model in Creation 
Process 

 

Figure 14: Model Generated 

 

 

Figure 15: Structure of theFile Describing a Model 

 

In addition to the “.model” file, a file with the extension “.ini” is also created with the same 

name as the model to keep track of the settings used for the creation of the model. Figure 13 

shows the content of the “.ini” file for the created model.  

8.5. Entities management 

The user can view or delete all the created entities: datasets, settings and models. The following 

figures illustrate this functionality: 
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Figure 16: Entities Panel - Models 

 

Figure 17: Entities Panel - Data Sets 

 

Figure 18: Entities Panel - NLP Settings 
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Additionally, the user can preview the chosen options for every entity on the right preview 

component. Concerning the entities: Results, they are discussed in section 8.8. 

8.6. Model Testing 

In order to test a model, the user first selects the model to test then clicks the test button. A new 

window is displayed and titled with the name of the selected model. Next, the user is asked to 

input text. The output is a sorted list of similar files to the inputted text based on the similarity 

percentage.  

 

 

Figure 19:Model Test 
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Figure 20: Saving Model Results 

 

8.7. Similar References 

In addition to generating models based on data sets of Ahkam, the user can also generate models based on 

Qur’an and Sahih Bukhari. The user can generate as many Qur’an and Hadith models as needed; 

however, only a single model for each of Qur’an and Hadith should be placed under its respective 

directory for it to be used as the default Qur’an or Hadith model to find similar references. 

After a result is received, but not necessarily saved, the user can select one of the files that are similar to 

the input and eventually get similar Qur’an references as well as similar Hadith references. 

The figure next illustrates this functionality 
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Figure 21: Get Similar Hadith References 

 

Figure 22: Get Similar Quran References 
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8.8. Accessing the Results 

After saving different results using different models, these results are accessible for later analysis 

and are accessible through the entities panel. 

 

 

Figure 23:Accessing All Saved Results 

 

9. APPLICATION INTERFACE 

The application needed to be available in both English and Arabic language. Therefore, a n 

option pane that prompts the use to choose his or her preferred language before the application 

launches. Depending on the input, the right set of strings is loaded and rendered on all the 

graphical user interface components.  

 

Figure 24: User Prompt to Select Preferred Language 



 

28 
 

 

Figure 25: Application main Interface in Arabic 
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Figure 26: Application main Interface in English 
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10. CONCLUSION 

Sharia remains the primary source of law and the Qu'ran and the Sunnah are declared to 

be the country's constitution. This capstone project aims to reduce the uncertainty in the country's 

law by implementing a platform that leverages Natural Language Processing techniques and data 

mining concepts to achieve a system that helps judges make better and accurate decisions on 

judicial cases and this has been achieved using various java API’s.  

We faced many challenges during the development process of this project. The prime 

challenge was the time constraint as this type of projects needs more time than a regular four 

months’ semester. The second challenge was generating accurate models for Qur’an specifically. 

Religious text is known to have various interpretations. Actually, different Muslim scholars may 

or may not agree on the interpretation of one ayah. The third challenge concerned manipulating 

Arabic text  

Concerning future work, more data needs to be available in order for the models to be 

more accurate. On the matter of finding similar references of Qur’an, the normal structure of the 

Holy book is not suitable for model generation. In fact, all ayahs need to be reorganized in a way 

to that puts ayahs with similar context into a chapter. Additionally, when getting similar 

references of Qur’an and Hadith, the actual text of the found references should be displayed 

instead of just outputting the names and indices of similar ayahs and hadiths. The reason for this 

is to enhance the user experience and make it better. The last thing to mention is that although 

the application is usable in one computer, it is not scalable to support all courts. In order for the 

application to actually be used in various courts of Saudi Arabia, a web server must be 

implemented to firstly store new files about the new cases and feed them to the existing models. 

Secondly allow access to models in the server from different places on the country. And thirdly, 

provide simultaneously all courts with updated models. 

Nevertheless, this project has been a fruitful learning experience. This capstone project 

gave me the opportunity to explore new areas of computer science such as data mining, machine 

learning, and information retrieval. Moreover, I acquired new skills in the field of natural 

language processing especially for the Arabic language including normalization, stemming, and 

transliteration. Additionally, I got the chance to learn more about a new software engineering 

process other than the waterfall model; primarily, the Model-View-Controller approach to 

making software. 
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