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[bookmark: _Toc140946144]Abstract
This report presents an investigation into the feasibility of using Natural Language Processing (NLP) within an automated system for extracting key details from patent claims. The main goal of this project was to find out if a process which starts off with raw XML data can process, validate and store it. So that another process can use an NLP model to extract key details from it.
Adapting a phenomenological approach, this research utilised case studies and white papers to gain a comprehensive understanding of how the whole system will work and influence the design decisions for the automated patent claims analysis system. 
The findings of this study demonstrates that a system which starts off with raw patent data can use a process to refine it and end up with reliable data for an NLP system to extract key details from claims. The overall system successfully extracted, processed, and evaluated the data, paving way for future development and implementation into the study of patent analysis. This result has significant implications for the future development of Hallmarq and can be leveraged to implement an NLP system which is streamlined and optimised for the process.
However, acknowledgement needs to be stated that there are limitations to this study. Due to the companies limited past research on NLP, the scope of the project was constrained to address the immediate needs. Which implies that a more complex NLP system would require additional research and experimentation. However, the successful experimentation of the initial NLP-based system sets the foundation for a more ambitious and extensive system to be developed in the future.
In conclusion, this report demonstrates the promising application of NLP as an automated patent claims analysis system. 
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[bookmark: _Toc140946145]Introduction
Intellectual property is a valuable asset for businesses across industries. From patents to trademarks and copyrights, companies rely on their IP to protect their innovations and maintain a competitive edge in the market. However, when it comes to leveraging their IP for financing or other purposes, many companies struggle to accurately assess its value. In response to this challenge, Inngot has developed a new product called Hallmarq, which allows customers to input data about their IP and receive a detailed report on its strengths and weaknesses. While Hallmarq has the potential to revolutionize IP valuation, the system currently faces a significant limitation. Namely, the system is constrained by the factors that can be automatically moderated, requiring manual moderation to fill out the rest of the factors.
There are a few possible solutions to solving this issue:
· Expand the scope of automated moderation: Inngot could explore ways to broaden the range of factors that can be automatically moderated within the Hallmarq system. This could involve incorporating machine learning algorithms or natural language processing (NLP) techniques to enable more sophisticated data analysis.
· Streamline the manual moderation process: If manual moderation is still required to fill out the remaining factors, Inngot could focus on streamlining this process to make it faster and more efficient. This could involve developing a user-friendly interface for manual moderation or leveraging crowdsourcing to tap into a larger pool of moderators.
· [bookmark: _Int_igj1oJOq]Incorporate extra inputs into the data input process: Hallmarq could be expanded to further aid the system factor process where the extra inputs could be used to automate further factors.
The proposed solution to solve the issue and prevent future problems, Inngot will be exploring ways to expand the scope of automated moderation in Hallmarq, with the goal of enabling more sophisticated data analysis and more accurate IP valuation reports. To achieve this, Inngot plans to purchase the EPO international patent dataset, which will provide a comprehensive database of patent information for use in the automated moderation process. 
Specifically, the EPO patent dataset will allow Inngot to automate the factors that involve patent claims analysis. This involves analysing the language within the claims used in patent applications and granted patents to identify the specific key details.
But to do this, a three-step process needs to be implemented to fully utilise the data:
· Download data from external supplier.
· Process and format data so it can be stored.
· Retrieved stored data to compare with clients’ inputs.
With this, research needs to be conducted to make sure that when development starts. The flow at which the data is handled, is efficient and easily maintainable and uses best practices. 


[bookmark: _Toc140946146]Research Review
Before conducting research. A survey was conducted to find out how much research was already conducted. From previous research conducted on the project’s manner, multiple papers were found relating to Natural Language Processing in the patent data field. Especially in patent claims.
This previous research was conducted by the company, quoting “It was concluded that NLP is suitable for processing patent data. As there were multiple instances where NLP has been used for either some form of patent data or more specifically patent claims data.” [1].
From the results of the previous research several references ([2][3][4]) were found which used NLP in a form to process patent data for some sort of goal. These have many correlations to what this project requires and allows further research to be conducted.
The further research conducted was on the tools and resources needed to design and implement the project. To do this each feature was split into their own sections allowing research to be more coherent and easier to gather resources.
The list that was created on what was needed to research were:
· Scripting Languages vs OOP
· Types of OOP Languages
· XML Libraries
· Database types
· NLP Models
· NLP libraries
Once the list above was research. The design and implementation of the project was started due to the base foundation being laid out ready for development.
[bookmark: _Toc140946147]Download process
The first process with need to download the XML files from a secure FTP server. This means that the system which needs to be implemented needs to be able to handle a secure FTP connection, download the correct files, and organise them. To do this there are to initial thoughts. It can be either developed though a scripting language or a Programming language.
[bookmark: _Toc140946148]Scripting Languages
These are easier to learn compared to programming languages. It requires less code and can be used to develop applications faster. These types of languages are ideal for tasks that require automation. The drawback that comes with scripting languages is the fact that they are not as efficient, flexible, or scalable as a programming language [5].
[bookmark: _Toc140946149]Programming Languages
Unlike scripting languages, these are more efficient, flexible and scalable. This makes it ideal for developing complex applications. However, programming languages are harder to learn compared to scripting languages. Meaning that more time Is required for development and maintenance. 
Overall, due to the task being an automated task that is simple in functionality. Using a scripting language would be most efficient due to its simplistic nature and easy development and setup time.
[bookmark: _Toc140946150]What scripting language?
Bourne-Again Shell otherwise known as BASH, is a scripting language which is commonly ran within Linux. This can be combined within Unix to create scheduled tasks which can be ran at a specified interval. Luckily, Unix combined with BASH has all the features needed to create the download process.
To implement the scheduled feature, a feature called “cron” can be used within Unix to schedule tasks. This means that a script can be run at a specific time or interval. This is very handy in this situation as the book “The Art of Unix Programming” shows [6]. A simple edit to the “cron” file can be done like this:
	#!/bin/bash

# This script creates a scheduled task that runs the backup.sh script
# at 2:00 AM every day.

# Get the current time.
now=$(date +%s)

# Calculate the time to run the task.
run_time=$((now + 86400))

# Create the cron entry.
echo "0 2 * * * /path/to/backup.sh" | crontab -



Using the above concept. The reports scenario can be applied:
	#!/bin/bash
# Scheduled task to run every day at midnight
0 0 * * * echo Hello World >/dev/null 2>&1



To securely connect to the FTP service that the EPO will supply. SFTP which is a service supplied in Unix can be called via BASH to securely connect to the server, and then download the correct file. Combined with “mkdir”, “mv”, “chmod” and “unzip”, directories can be created where the zipped collection of patents can be moved into. From this, permissions can be applied to the zip file via “chmod” and then unzipped. 
With the research done. We can see that scripting languages, will be the best way to implement the feature. From its simplicity, and its easy to maintain nature. With this, the best language was chosen out of the two.
[bookmark: _Toc140946151]Formatting and storage
The next process involves:
· Grabbing files from the local directory
· Validating the XML through a schema
· Formatting XML files to objects
· Storing objects into a database
Before committing to feature research. A looming question needs to be answered. What Programming language will be used for the project? This will decide the base template and how everything will work together. 
To do this research was conducted to find out the different advantages and disadvantages from a select few of OOP languages.
[bookmark: _Toc140946152]OOP Research
When conducting the research. Favourable traits were looked for:
· Easily maintainable
· Has package support (XML)
· Can blend well with existing systems
With this list. Research could be conducted on a select few programming languages. These were, Python, Node.JS and Java. The reason why the research was limited to the select few was due to their strong reputation.
Python
Python is a popular language for data processing and has a rich ecosystem of libraries and tools for working with XML data. Python code is generally concise and easy to read, which can make it easier to maintain than most other languages. With this, Python comes with a gentle learning curve [7]. Meaning that beginners who have never touched OOP languages before or want to move to a new language can easily pick up Python without much trouble, making it a good choice for beginners. However, Python is an interpreted language, which can make it slower than compiled languages when working with large XML files. While Python has strong support for working with XML, it may not be as robust as other languages like Java and NodeJS for complex XML processing tasks. Lastly, Python's dynamically typed nature can make it harder to catch errors at compile-time, meaning that maintaining and further developing the codebase could cause issues and increased development time.
JavaScript
Node.js is a popular open-source JavaScript environment that is used for server sided application development. It has a lightweight runtime, which can make it more performant than other languages when working with large XML files [8]. Node.js has a large ecosystem of libraries and tools for working with XML data, including the xml2js library used in the example implementation. However, Node.js is a relatively new technology and may not be as mature or well-established as Python or other languages for complex XML processing tasks. JavaScript's dynamically typed nature can also make it harder to catch errors at compile-time. But this can be resolved by implementing TypeScript which allows the usage of Typed Objects. Finally, Node.js may not be as well-suited as Python or other languages for projects that require tight integration with other enterprise-level systems.
Java
Java is a popular language for enterprise-level development, making it a strong contender for large-scale projects that require heavy functionality. Java has a strong support for XML processing and validation though its many libraries that are supplied by official venders and communities. Unlike JavaScript and Python, Java is a strongly typed language making it less prone to bugs in the development of the program [9]. Due to how Java bundles, large projects that have many features that need to be tracked and maintained can be easily separated into their own bundles and sorted on their own repositories. However, Java code can be verbose and complex if unchecked and the best practices are not applied. Due to Java being interpreted by JVM (Javas Compiler), it can make it slower than languages like Python. 
Based on the strengths and weaknesses of Python, NodeJS and Java for the project’s codebase. It was decided that Java would be a good choice. This is due to Java's strong support for XML processing, object-oriented nature, and popularity in enterprise-level development make it well-suited for large-scale projects that require a high degree of reliability and maintainability.
Furthermore, due to an already existing system that has already been built in Java. It would make sense to use Java for any additional XML processing needs to maintain consistency and modularity. A modular JAR file can be created that branches off the existing system to allow for the processing of new types of XML files. This approach can simplify development and maintenance efforts, as well as reduce the learning curve for developers who are already familiar with the existing system.

[bookmark: _Toc140946153]XML Parsing
After research was conducted on what programming language which was going to be used. Further research was conducted to figure out what packages would be used for the XML process feature. 
XML or eXtensible Markup language is a widely used data format for representing structured information in human-readable and machine-readable manner. In Java there are various libraries that are available to developers to allow the parsing and validation of XML documents. In this section we will compare and contract three popular Java libraries. These are, DOM, SAX, and JAXB.
DOM
Document Object Model is apart of the standard library within Java. It is one of the earliest and most used methods for parsing and manipulating XML files [17]. DOM represents an XML file as a three-like structure where each element links to a node in the tree. This allows easy navigation and manipulation of data, making it suitable for both reading and writing XML.
DOM within Java offers several advantages. It is favoured for its user-friendliness and comprehensibility, stemming from its tree-based structure. This design grants complete access to the XML document, facilitating random access to elements. Additionally, it allows the support for both XML parsing and generation.
However, drawbacks exist. It exhibits inefficiency when dealing with large XML files due to its requirement of storing the entire tree representation in memory. Consequently, memory consumption becomes a concern, especially for intricate XML documents. As a result, for sizable files, its overall performance may not match up to that of streaming parsers.
SAX
Simple API for XML is an event-based XML parsing library that is designed for applications that need to process large scale XML files efficiently. Unlike DOM, which loads the entire file into memory, SAX operates as a stream and processes the file sequentially [18]. 
SAX offers several advantages. Firstly, it boasts a low memory footprint, making it ideal for handling large XML documents. Moreover, it is well-suited for handling continuous streams of XML data, making it a robust choice for scenarios where data is continuously arriving.
On the downside, SAX's event-driven nature makes it more complex to implement and utilise compared to DOM. This can be a challenge for developers who are less familiar with event-driven programming. Furthermore, it has limited capabilities when it comes to navigating backward or randomly accessing elements within the XML document. This can be a significant drawback in certain use cases where flexible data access is required. Lastly, it is not suitable for XML generation or writing, as it is designed primarily for parsing and reading XML data. 
JAXB
Java Architecture for XML Binding allows the mapping between XML files and Java objects. It simplifies the process of parsing XML and binding it to the corresponding Java classes [19]. 
JAXB in Java offers seamless conversion between XML and Java objects, streamlining XML processing and reducing boilerplate code via automatic XML-to-Java mapping. It also supports XML data validation against XML Schema, ensuring data integrity. 
However, JAXB's limitations arise when dealing with complex XML structures or non-standard XML formats. Moreover, its initial setup and learning curve might be more demanding compared to simpler parsing libraries like DOM. Additionally, for processing large XML documents, it might not be the most efficient option.
Overall, from the research conducted for the right library. JAXB was chosen due to its mapping to java objects. This was due to its time saving, allowing extra time to be focused on other areas compared to boiler code creation.

[bookmark: _Toc140946154]Database
Lastly, research was needed to find out what database was going to be used to store all the data. Like the OOP research. A list of feature were needed for the database:
· Able to store complex data
· Performant 
· Secure
With this list research was conducted on the different types of database that can be used. From initial research there are three different types that are most popular:
· NoSQL
· GraphQL
· Relational DB
In addition to these three main types, there is a large number of other specialised databases that could be used. These can range from object-oriented databases, document database and time series databases. But the project scenario calls for a straightforward database that allows different applications to access the contents. 
NoSQL
Not only SQL or NoSQL is a type of database that provides a non-relational approach to storing and receiving data. Unlike a normal relational database that uses Structured Query Language (SQL) and contains schemas. NoSQL databases are more flexible when modelling the data being stored. NoSQL was developed due to the limitations of relational databases. A good reference that discusses about the advantages of NoSQL is the book made by Martin Fowler and Pramod Sadalage that’s called “NoSQL Distilled” [10]. Due to how NoSQL was designed, it is able to manage large-scale data and scan scale horizontally (Multiple servers can be used). Which can provide faster response times when requesting and storing data. Also, NoSQL is flexible due to the fact that it allows schema-less data models. Which results in a more diverse data types without the need for any predefined schemas or migrations. Unfortunately, this can be a double-edged sword. Due to how loose NoSQL is, this could lead to mistakes in the data structure. Which can result in future bugs and faults being discovered in the future. Another disadvantage to NoSQL is the limited query capabilities. Meaning that NoSQL typically prioritises performance and scalability over complex capabilities. This results in complex relational queries not being able to be used.
GraphQL
GraphQL was developed by Facebook and released to the public in 2015. It provides a flexible and efficient way for clients to request and receive data that’s needed from a server. Unlike a traditional system which would contain an endpoint which was connected to a database. GraphQL acts as both the endpoint and database which can be request from directly [11]. This means that desired data can be request directly without much complexity. Unlike NoSQL, GraphQL is a strongly typed system which allows the system to be defined in the shape of the data. This ensures that the data sent and received is valid and error free preventing common issues. Due to the user explicitly defining the requested data, GraphQL eliminates over fetching of data (retrieving more data than is needed within a process). This results in a more efficient process. But this can result in network overhead due to nested and interconnecting data being fetched with each query.
Unfortunately, GraphQL is complex. Implementing and maintaining it can be more complex than a traditional backend system. Especially when dealing with advanced features within GraphQL. This also means that optimisation of a GraphQL database can be challenging. This means setting up caching can be challenging due to its flexibility and dynamic nature. 
Another disadvantage to GraphQL is that poorly designed schemas can result in performance issues. This means that careful consideration needs to be taken in order to optimise the databases schemas and queries. But this is not just a fault in GraphQL. This is a common thing in most databases which when poor planning is involved. 
Relational Database
Lastly, the relational database was based off the relational model which organises data into tables consisting of rows and columns. The relational structure allows for logical relationships and connections between tables. Due to the structure and organisation offered by relational databases, it gains several advantages such as data consistency, data integrity through constraining data and validations, efficient querying using Structured Query Language (SQL) and support for complex data relationships [12]. In terms of disadvantages of relational databases, structured data and schema definitions are needed before any storage of data. But this can be classed as an advantage as well, due to the structure and constraints being defined before any records being stored. Error prone data with be validated against the database structure and rejected. This creates a more reliable system for consistency. This shares the same advantage as GraphQL. 
Like the other two types of databases, if no planning is done when designing the structure of the data and queries. This could lead to performance issues when calling data from the database. This means regular maintenance to fix and optimise the system would be needed if not enough preplanning is done to negate future problems. 
Overall, from the research conducted, and how complex the patent data from the EPO will be. A relational database will be used due to its straightforward nature and validation it possesses. With the XML files, a schema file will be supplied. Meaning that designing the database will be straightforward due to the planning would be already done. As long as the optimisation is taken account, then the whole database should run well even if complex queries are called with joined tables.

[bookmark: _Toc140946155]NLP Process
This section focuses on the main feature within the project. It uses the power of Natural Language Processing to analyse patent claims. By employing algorithms and language models, we aim to extract meaningful information from the large amount of patent claims data. This feature holds immense potential to accelerate the moderation process within Hallmarq. 
[bookmark: _Toc140946156]NLP Model 
Natural language processing (NLP) is a methodology that enables a system to comprehend and interpret human language. However, a significant challenge crops up due to the vast diversity of natural languages spoken and write worldwide. Each language encompasses an endless array of unique sentences and structures, making it challenging to develop a comprehensive, one-size-fits-all NLP system [14].
NLP is more than just speech and text processing. Depending on the use case scenario, there can be three different approaches:
· Symbolic, an approach that utilises prior knowledge of a languages structure.
· Statistical, Uses a mathematical approach. Using large text, it processes it to find patterns.
· Connectionist, Bridges the gap between the first two. This approach can start out symbolic and then strengthened with statistical analysis.
NLP encompasses multiple levels of language processing to enable understanding. These levels include [15]: 
· Phonological: Relates to sound and word recognition.
· Morphological: Deals with word construction from basic units.
· Syntactic: Focuses on word organization and structure.
· Pragmatics: Considers sentences in different contexts.
· Lexical: Interprets individual word meanings.
· Semantic: Determines sentence meaning based on word-level interactions.
· Discourse: Analysis connections between sentences to understand text.
Considering the requirements of the project, it becomes apparent that a Connectionist approach is necessary to handle the statistical aspects of diverse texts. Furthermore, in the symbolic approach, employing the syntactic and semantic levels is crucial for determining claim types and structures using prior knowledge. A predefined list of phrases/words aids in identifying and locating defining phrases and facilitating the completion of the tasks.

[bookmark: _Toc140946157]Review of NLP Libraries for Java
In this section of the research review, three popular NLP libraries will be reviewed. These libraries are: Standord NLP, Apache OpenNLP and LingPipe. 
Each library offers a range of different NLP functions, but they differ in terms of features, performance and overall support.
Stanford NLP
Aside for the normal NLP features that Stanford NLP possesses. Stanford CoreNLP [13] possesses high quality linguistic annotations. This is due to the extensive research that the Stanford NLP group has conducted within NLP. Another advantage to CoreNLP, is the multilingual support. This can be especially great for future feature development if selected patents from regions want to be analysed. 
One major drawback to CoreNLP is how computationally expensive it is. Meaning substantial memory and processing power is needed for large-scale or real-time applications. Another issue with CoreNLP is the steep learning curve due to its wide range of features. Meaning beginners who are starting out in NLP and with limited programming experience can have issues.
Apache OpenNLP
Apache OpenNLP, a powerful natural language processing (NLP) tool, offers several strengths and weaknesses. One of its notable strengths is its robustness and versatility in handling various NLP tasks, supporting multiple languages. Additionally, OpenNLP's modular architecture allows users to customize and configure different components according to their specific needs. As an open-source project, OpenNLP benefits from active community support and regular updates.
On the other hand, OpenNLP does have some weaknesses. Acquiring annotated training data, crucial for OpenNLP's performance, can be time-consuming and resource intensive. The effectiveness of OpenNLP models may vary depending on the quality and size of the training data, as well as the complexity of the NLP task. Moreover, there is a learning curve associated with OpenNLP, particularly for newcomers to NLP, as they navigate its various features and functionalities.

LingPipe
LingPipe is a powerful software library for natural language processing (NLP) tasks. It offers several strengths that make it a popular choice among developers. Firstly, LingPipe is known for its robustness and scalability, allowing it to efficiently handle large-scale NLP tasks. Additionally, it provides support for multiple languages, making it versatile for various international applications. The library covers a wide range of NLP tasks, including tokenization, named entity recognition, part-of-speech tagging, sentiment analysis, and information extraction, among others. LingPipe incorporates statistical models and machine learning techniques, ensuring high accuracy in its results. It also offers a user-friendly API, making it easy to integrate into different applications.
However, it's important to consider some potential limitations of LingPipe. Firstly, compared to some other popular NLP libraries like CoreNLP and OpenNLP, LingPipe may have a smaller user community. This might result in relatively fewer resources and community-driven contributions. Additionally, working with LingPipe may have a learning curve, requiring some familiarity with the underlying concepts and usage patterns. Extensive customization or adapting LingPipe to specific domains or use cases might require additional effort and expertise. Despite these potential drawbacks, LingPipe remains a robust and powerful tool for various NLP tasks.

Overall, from the research conducted. Apache’s OpenNLP will be used to develop the NLP feature within the project. This is due to its modularity and over community support compared to the other two NLP libraries. Due to the model that will be developed with knowledge of the existing data. The weakness of OpenNLP will be avoided due to training and structuring of the NLP model will be straightforward. 


[bookmark: _Toc140946158]Research Methodology
For the project, it is crucial to select the appropriate methodology. Due to the little existing research conducted in libraries and OOP, a more phenomenological philosophy was adopted. The chosen approach involves using case studies and white papers, which is an inductive method that allows for critical analysis and comparison using various materials. Employing a deductive approach, such as document reviews, software development and experiments could result in ineffective research since there is no previous groundwork.
The primary objective of the research is to determine if a system can be established to take in raw patent data and process it so that a NLP model and effectively process the patent claims data. So, an inductive approach is deemed safer compared to a more deductive reasoning approach. Due to the foundation for the project is more in line with the aspects of the project.
To implement ontology, reliable resources will be used to ensure the research's authenticity and validate the set objectives.
For epistemology, comparing multiple case studies and white papers is necessary to ensure the research's validity. So, allowing a comparison, would allow a more reliable outcome to choose the correct libraries and technologies for the project.
Despite the chosen methodology's strengths, there are limitations that could affect the research. One significant concern is the reliability of the sources. Online case studies and white papers may have inaccuracies or errors in their processes, potentially invalidating the research. To mitigate this risk, a more thorough comparison is needed in order to get reliable results.
Furthermore, if the research progresses smoothly and no issues arise during the inductive research phase, there may be challenges when implementing the approach. The lack of underlying experiments or development beforehand could result in a longer development lifecycle and potential issues if planning is not carefully carried out.




[bookmark: _Toc140946159]Design & Implementation
In this section, we will be going over the overall design and experimentation conducted for the project. For an introduction, please refer to figure 1 to see the general overview of the system. From this we can see the three phases as discussed before. 
To recap on the phases, firstly the data is downloaded and then sorted. It is then processed and stored within a database. And then finally an NLP model will be used to process it and get valuable data. Further along this section we shall be going over each phase in more detail, while showing the individual design decisions and experiment outcomes.
[bookmark: _Toc140946160]Feature: BASH Script for Data Download, Unzipping and Organisation 
This section will discuss the design and experimentation of setting up a process which features a bash SCRIPT that is responsible for automating the download, unzipping, and organisation of data using FTP (File Transfer Protocol) and native tools within BASH. The primary goal of this feature is to streamline the data acquisition process, ensuring efficiency and accuracy in handling large volumes of data. Bu automating these repetitive tasks, the BASH script will significantly reduce manual intervention and potential errors while increasing overall productivity.
[bookmark: _Toc140946161]Design
Before any sort of development is started. A comprehensive analysis is done to get the requirements needed to create a scope of the functionalities of the feature. The key requirements identified were:
· FTP Connection: Establish a secure FTP connection to the source server and retrieve the data.
· Data download: Download specific datasets from the FTP server to local environment.
· Data unzipping: Automatically unzip downloaded data to access the contents.
· Data organisation: Create a structured directory hierarchy to systematically organise the data files based on predefined categories.
[bookmark: _Toc140946162]Architecture
The scripts will use a modular architecture to ensure maintainability and flexibility. The main components of the scripts are:
· Configuration File: Contains essential parameters such as FTP credentials, sources directories and destination directories. This allows easy customisation and adaptability if new data sources are needed in the future.
· FTP Module: Manages the FTP connection and provides the functions to authenticate itself, list remote files, and then download specific files from the server.
· Organise Module: Contains functions to detect and automatically extract various archived data files. While also being responsible for organising the extracted files into predefined directories based on data it contains.
· Master Module: Needs to handle two types of events. Archive download and daily download. This allows easy management for the two events that needs to be handled.
[bookmark: _Toc140946163]Implementation / Experimentation
In this section, we will be going over the implementation of the design, and overall experimentation that has taken place. This section will be mainly talking about the FTP, Unzip and organisation modules. As the Master and Configuration files are not as complex as the other modules, they do not possess their own sections. But will be included in each section accordingly. 
FTP Module
The implementation of the FTP modules relies on standard UNIX utilities. These are SSHPASS and SFTP to establish a secure connection and retrieve files. The script will fetch the credentials from the configuration file, and then automatically navigate to the desired directory and download all available files. 
Please see below for a snippet of the FTP code:
	sshpass -p ${EPO_PT_SERVER_PASSWD} sftp ${EPO_PT_SERVER_USER}@${EPO_PT_SERVER} << END_SCRIPT
	cd ${EPO_PT_DAILY_FILE_LOCATION}
	lcd ${EPO_PT_WORK_DIR}/pt_files/downloads
	mget *.zip
END_SCRIPT

exit 0



From this we can see all the configuration parameters that are retrieved and will be used for authentication and directory management for downloading the files in the correct folder.

Data Organisation
For the organisation module. It shall be using the package “unzip”, which is an open-source library that is still maintained to unzip the compressed files. Which using “mv” feature within UNIX to move around the files. 
A simple script can be used to process the files:
	for filename in ${EPO_PT_WORK_DIR}/pt_files/downloads/*.zip do
	mv ${filename} ../processing
	cd ../processing

	unzip *.zip
              # Extra process can be called here
done



From this example, we can easily process each file by moving them to the processing folder and then unzipping them. From this a new process can be called to do further processing.

[bookmark: _Toc140946164]Outcome of experiment
The overall outcome from the first phase come out well. This was mainly due to how well documented and organised. To show this, here is the output list of the home directory within the FTP:
	drwxr-xr-x    2 0        0            4096 Jul 20 15:31 collection
drwxr-xr-x    2 0        0            4096 Jul 20 15:34 daily



And going into Daily gives us:
	-rw-r--r--    1 0        0        105906176 Jul 20 15:34 daily-03-05-2023.zip



From this a simple *.zip could be used to get the daily zip file to download the daily collection of data. After running the whole process and checking the local download directory we get an output that contains multiple XML files that are around 100MB big. 
Linking back to the literature review, due to how simple the process is. And how straight forward scripting languages are. The maintenance and modification in the future will be easy to manage if any new files need to be included into the process. Or the EPO server makes any changes.

[bookmark: _Toc140946165]Feature: XML Parsing and Storage
This section discusses the design and implementation of the second feature within the project. It involves the processing of XML files using Java technologies. The feature employs the Simple API for XML (SAX) for parsing and validating the XML files against a specified schema which was supplied by the EPO. Additionally, the validated data is the mapped to Java objects by using JAXB2 to automatically generate the objects via the schema. Finally, the objects are then stored in a database using Java SQL commands for seamless data management.
[bookmark: _Toc140946166]Design
Firstly, the whole process will be implemented in a Java project that uses Maven to manage and download the libraries needed. This will allow future maintenance and updates to libraries to be easily applied. This also allows automation to be applied so little to no input to editing the existing project will be needed to update relevant features.
The next process that needs to be designed is the processing XML files feature. To do this Java and SAX was chosen as the XML processing API due to its event-driven nature. Due to the usage of SAX, this allows efficient handling of large XML files without consuming excessive amounts of resources, while also making a system which is easily maintainable. 
To ensure that the data is valid, the XML files will need to be checked against a predefined schema. A schema provides a set of rules and constraints that can define the structure and data within the XML files. The XML Schema Definition (XSD) standard was chosen as it was supplied by the EPO. 
The next step to design is how the XML data will be mapped to Java Objects. To convert the validated data into Java objects for further processing and manipulation, the Java Architecture for XML Binding (JAXB2) is utilised for this purpose. JAXB2 allows seamless mapping of XML elements to Java classes by automatically generating the necessary object structure via a XSD file. Due to this already being supplied, this process will have little to no input to setup. Meaning future maintenance will be minimum except for XSD changes by the EPO. But to resolve those future issues, replacing the existing XSD file with the updated format and then regenerating the mapped objects with JAXB2 is everything that needs to be done to maintain this feature.
To enable JAXB2, a maven configuration will need to be created to allocate a XSD file to allow JAXB2 to auto generate the Java objects for the XML mapping.
After the data has been successfully mapped to Java objects, the final step is to store these objects into a database. For this purpose, Java’s built in Java Database Connectivity (JDBC) API will be used. JDBC provides a standardised way to interact with relational databases and allows the usage of SQL to execute commands. 
The database of choice was PostgreSQL. This is due to its structure at which multiple databases can exist which hold their own schemas. Meaning that other datasets like Trademark and Copyright data could be added to the same database in the future without needing to mix the data together. Having this organisation within a database will allow future development and maintenance be easier.
[bookmark: _Toc140946167]Implementation and Experimentation
To start the implementation. Eclipse was chosen for the Integrated development environment (IDE). This is due to its open-source nature and built in features that make development more straightforward. To make things more straightforward, a template was used to import a Maven project into Eclipse.
To configure the project, maven uses a file named “pom”. To add libraries and configure them, a straightforward process of pasting the library name and version (please see Figure 2 for an example). The most interesting part of the pom file was configuring the JAXB schema. Referring to Figure 3, we can see that simply referring to the schema file within the projects path, and then supplying the wanted location we can easily configure JAXB2 to generate the objects needed. After the configuration a simple command called “maven generate-resources” was called allowing JAXB2 to generate the Java Objects with all the constraints and data types needed.
Next is to implement the reader and validator functions. To do this, these were split up into two files. For the reader, some checks will need to be in place to prevent human error. So checking if the directory and file existing before any sort of processing would prevent any sort of exceptions being spewed out. Once that is in place, we can check if the XML is valid against the XSD file. And if the XML passes the check, we can process it and then delete the file. But if it fails then we would need to move it to an exceptions folder. 
Here is a code snippet of the implementation:
	if (validateCLIArgs(args)) {
	Connection conn = dbConnection.connect();
	
	String fileFolder = args[0];
	String badFolder = args[1];
	
	File dir = new File(fileFolder);
    File[] directoryListing = dir.listFiles();
    if (directoryListing != null) {
	    for (File f : directoryListing) {
	    	if (f.getPath().toLowerCase().endsWith(".xml")) {
	    		if (processFile(conn, f.getPath()) == 0) {
	    			f.delete();
	    		} else {
	    			f.renameTo(new File(badFolder + f.getName()));
	    		}
	    	}
	    }
    }
	dbConnection.disconnect(conn);
	reader.printStats();
}



From this we can minimise any out of ordinary issues that might be caused by EPO FTP changes or human error on our end.

For the validator, a simple Schema Factory with a supplied schema is used:
	// create a SchemaFactory capable of understanding WXS schemas
SchemaFactory factory = SchemaFactory.newInstance(XMLConstants.W3C_XML_SCHEMA_NS_URI);

// load a WXS schema, represented by a Schema instance
Source schemaFile;
schemaFile = new StreamSource(this.getClass().getClassLoader()
		.getResourceAsStream("schema.xsd"));                      

Schema schema = factory.newSchema(schemaFile);

// create a Validator instance, which can be used to validate an instance document
Validator validator = schema.newValidator();

// validate the DOM tree
validator.validate(new StreamSource(xmlFile));



With these two. All the validation is setup to prevent any data errors from happening in the future. From this due to JAXB automatically mapping the XML to objects, we can go straight to handling the patent record. Unfortunately, a mistake was found when implementing this feature. At first a simple insertion was needed for everything. But two other events can happen. “Update” and “Delete”. To fix this, a simple handler was made to find out what type of record it is, and then it either creates a record, deletes and creates a new record or just deletes the data. Luckily, it was straightforward to approach the issue.
Finally, to store the data into the PostgreSQL database. The objects would need to be passed through a transformer file to convert the Java Object into a SQL statement that can be interpreted by the database. An example on how this would work:
	String sql = "INSERT INTO epo.patent "
		+ "(application_number, "
		+ "type, "
		+ "country,"
		+ "status) "
	    + "VALUES (?,?,?,?)";

PreparedStatement ps = conn.prepareStatement(sql);

ps.setString(1, patent.getCredentials().getFull());

ps.setString(2, patent.getCredentials().getStatus());

ps.setString(3, patent.getCredentials().getType());

ps.setString(4, patent.getStatus());
ps.executeUpdate();


From this we setup SQL query template which we can apply the data to it via a prepared statement. Through transforming the other sets of data, checks would need to be in place, just in case the data did not exist. An example of this would be publication data (when a patent is granted it is assigned a publication number and date). But not all patents are granted. Some have either just been applied for and awaiting processing or others are denied. Another issue that had to be resolved was ordering the SQL queries in the correct order. This is due to the primary keys would need to be created before any subsequent records that relate to the patent. 
[bookmark: _Toc140946168]Outcome of feature
The overall outcome of the implementation was not as straight forward as the last feature. A few validation methods had to be implemented due to previously spotted issues. However, the process worked well in the end allowing parsed XML files to be stored within a database.

[bookmark: _Toc140946169]Feature: Patent Claims Analysis via NLP
This section will discuss the design and implementation of the main feature within the whole process. It will involve a Java program to process patent claims text relating to a client’s profile. The goal of this feature is to extract various metrics from the patent claims text using Apache’s OpenNLP library. The extracted metrics include:
· Number of Independent claims
· Number of Dependent claims
· Average word count per claim
· Least amount of sub clauses
· What type of claim is detected
From this each patent family will be based across these metrics to determine the overall score of the client’s report. 
[bookmark: _Toc140946170]Design
To allow this feature to be implemented into the main Hallmarq application. A jar file can be generated and then implemented into the application to call upon the NLP model. With this, the process can be isolated and easily maintained in the future. 
The input of data will be handled outside the process, using figure 4 as a reference we can see how the process will flow. The main application will request the data from the database and then request it to be processed by the NLP model which is bundled into a JAR file. From this, an object can be passed through with all the detailed needed to allow the NLP model to easily process the text. The NLP model can then process the claims text and formulate a report to send back to the main applications. Once the whole process is done, the statistics can be applied to the client’s profile and saved to the database.
Once the patent claims text is received, the process can then leverage Apache’s OpenNLP library for natural language processing tasks. It will utilise OpenNLP’s tokenisation and parsing capabilities to identify and break down the text into sentences and words. This parsing step is crucial for further analysis of the claims.
Once the patent claims text has been parsed, the application can then proceed in extracting the required metrics:
· Independent Claims Amount: Counting the number of claims identified as independent.
· Dependent Claims Amount: Counting the number of claims identified as dependent.
· Claim Average length: Calculating the average length of all the claims.
· Least Amount of Sub-clauses: Determining the claim with the fewest sub-clauses.
· Identification of Certain Claim Types: Analysing the claims to identify specific types of claims, as required by the specification.
To design these metrics a patent was sampled [16]. This patent has claimed the design of a “Hydraulic control apparatus of automatic transmission”.  And also contains multiple patent claims text to get us some metrics to compare against the implemented solution in the future.
So, marking it against the metrics, we can see that it has:
· 1 independent claim
· 8 dependant claims
· Average length of a claim is 32 words
· The least amount of subclauses spotted were 1
· And the type of claim spotted was apparatus
Once all the metrics have been extracted from the patent claims text, the feature creates an object to hold this information. And then allows it to be returned to the main application.

[bookmark: _Toc140946171]Implementation
The implementation of the patent claims analysis feature just like the last feature is developed in Java. Here are the key implementation details for each step:
To allow the main application to make the request, a public class a method that allows the main process to call upon it was created. To do this an object called “ClaimsAnalysisClaim” was created to allow the main process to format the patent claims text from the database into objects. This java object class contained the claims text, clauses within the claim and then if its independent or not. From this, they can be passed into a method called “analyse”. 
To implement OpenNLP, a “ClaimsTokenizationManager” was created to allow the instance to be created at will with a preset configuration. Here is an example of it in place to search for specific words:
	private final Tokenizer tokenizer;

public ClaimsTokenizationManager() {
    this.tokenizer = SimpleTokenizer.INSTANCE;
}

public Boolean search(List<String> search, final String text) {
    String tokens[] = tokenizer.tokenize(text);
	
	for (String token : tokens) {
        if (search.contains(sanitiseToken(token))) {
        	return true;
        }
    }
	
	return false;
}



It uses an object called the “Tokenizer”, which allows text to be tokenised. For this instance, a simple Tokenizer instance was implemented from the basic OpenNLP library. This allows everything to be split up into their own tokens to allow additional post processing to be done. After the text has been tokenised, an algorithm or function can then be used to utilise the NLP model. In the example given above, a simple search is preformed against a given list. 
With this a basic NLP model that uses tokenisation has been setup. From this more complex algorithms and features can be implemented in the future once the scope has expanded.
To implement each metric, an analyser class was created to split up each task and allow them to do their own processing individually. For independent / dependant analysis, a simple check against an array was used to easily manage the task:
	final List<ClaimsAnalysisClaim> independantClaims = claims.getClaims().stream()
		.filter(c -> c.isIndependent()).collect(Collectors.toList());



To get the average word length of the claims, a more complex system was in place:
	public double average(List<String> texts) {
    int totalLength = texts.stream()
    		.mapToInt(x ->  tokenizer.tokenize(x).length).sum();

    return (double) totalLength / texts.size();
}



Before this function was called, a list of claims text was created and then passed through the method. Once the method is called, each individual claim, was tokenised and then the length was called. After the length was stored, we could map this to an array and the call a simple function that would summarise the numbers.
Once that is done, the total is divided by the total amount of claims to get back the average claims length.
For the next metric, to find out the least number of sub-clauses. A function was called to simply run through an array and call the total of the clause list. Once that is done, each total is compared to find the smallest:
	int lowSubClauses = independantClaims.stream()
		.map(ClaimsAnalysisClaim::getClauses)
		.map(List::size).mapToInt(Integer::intValue)
		.min().orElse(Integer.MAX_VALUE);



Finally, to figure out the type of a claim. A list of words was gathered. At the moment the only words that are searched are “method” and “process”, and ”apparatus”. To do this, the list of claims is passed through to the search function with the list of searchable words.
Each claim is then tokenised, and then a search is performed. To make sure that errors are minimised, sterilisation was performed:
	private String sanitiseToken(String token) {
	String lowercasedToken = StringUtil.toLowerCase(token);
    String preprocessedToken = lowercasedToken.replaceAll("[^a-z]+", "");
    
    return preprocessedToken;
}



Each token was forced to be lowercase, and any special characters were removed form it. The “[^a-z]+” means that any character that is not from a – z is found and then replaced with nothing. So this means any human error within the written claims such as “.mEthod” would be transformed into “method”. This allows a simple search to be performed after words where “method” can be compared to the list of types. 
After all the factors were implemented. A response object was created to return the data needed for the client’s report. A simple class “ClaimsAnalysisResponse” was created to allow all the attributes to be stored while also allowing expansion in the future.
To test the implementation, the original patent that was used within the design process will be used to compare the implementation to what is expected.
To do this, a library called Junit was used to simply implement Unit test case scenarios so that the existing implementation can be compared against scenarios.
To make sure that the scenario meets a real world scenario, the exact same request object was created that would mimic a real world request from the main process. So this means all the claims text and sub clauses were inserted into the test. 
Here is the test scenario: 
	@Test
public void test() {
	ClaimsAnalysisResponse response = subject.analyse(analysisRequest);
	
	assertThat(response.getClaimAverageLength())
		.isEqualTo(32);
	
	assertThat(response.getDependentAmount())
		.isEqualTo(8);
	
	assertThat(response.getIndependentAmount())
		.isEqualTo(1);
	
	assertThat(response.getLeastAmountOfSubClauses())
		.isEqualTo(1);
}



From this, the request is inserted into the analyser with the exact same details as the existing patent. From this a simple test call can be performed. Looking at figure 5 we can see that the unit test passed the case scenario. Meaning that the gathered metrics and the implementation metrics are the exact same.
Overall, from implementing the feature. It was found that creating a simple NLP model was a straightforward process. By making a system that can be developed in the future and isolated, it can be easily maintained, and additional features can be implemented.
Overall, all the checkboxes were ticked off. Meaning that future development can now take place to implement a system which is robust and consistent.


[bookmark: _Toc140946172]Evaluation
From looking at the starting objectives and what was implemented. All the features and needs were met. From the previous research conducted, making a system that utilises NLP to process Patent claims text is straightforward and can be easily maintained to meet the EPO standards. 
So yes, a process which starts out with raw data from the EPO can be scheduled and processed so that the result is an organised database that allows the processing of patent claims data for clients reports.
If this was done again, I think a more complex NLP model should be investigated and utilised to see what type of results can come such a model when processing patent claims text and other patent data supplied from the EPO.


[bookmark: _Toc140946173]Conclusions and Recommendations
From downloading collections of XML files relating to patent data. To analysing it to allow factors that have been previously left to be manually handled by staff. The system has accomplished something that will save the company many hours of human resources for each client handled. With such a system investigated and found successful, it can now be implemented and used against current clients within the company. 
Further work that can be utilised in the future the further expand the scope of the project is to add other factors that are still left to manual labour. Meaning that further resources can be saved for other tasks.


[bookmark: _Toc140946174]Reflection
Throughout my journey with the project that spanned from its inception to its successful completion, I have learned invaluable lessons about handling complex systems that have multiple interlocking stages. This project was an example to the importance to seamless interlocking of various components to prevent errors and achieve harmonious outcome. 
From the beginning, I understood that tackling this project required lots of planning and a well-structured approach. It was no simple task. There were numerous stages, each with their own set of challenges and a slight in any phase could have caused effects in the entire process.
In the end, witnessing the successful completion of the project was immensely gratifying. The sense of accomplishment was not just from achieving the final goal, but from collective growth and development experienced throughout the journey.
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Figure 1
Example design flow of whole system
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Note: Just a general overview on how the system can flow. Shows the start and end cycle.
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Pom file configuration to import JAXB
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POM configuration for JAXB2 plugin and generated objects
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Flow of final feature
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Unit test passing
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<dependency>
<groupId>javax.xml.bind</groupId>
<artifactTd>jaxb-api</artifactId>
<version>2.3.1</version>
</dependency>
<dependency>
<groupId>org.glassfish.jaxb</groupId>
<artifactId>jaxb-runtime</artifactid>
<version>2.3.1</version>
<scope>runtime</scope>
</dependency>
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<plugin>
<groupId>org.codehaus.mojo</groupId>
<artifactId>jaxb2-maven-plugin</artifactId>
<version>2.5.0</version>
<executions>
<execution>
<id>xje</id>
<goals>
<goal>xjc</goal>
</goals>
<configuration>
<!-- The package of your generated sources -->
<packageName>com. inngot.epo.pt.xmlmodel</packageName>
<sources>
<source>src/main/resources/schema.xsd</source>
</sources>
<clearoutputbir>false</clearoutputDir>
</configuration>
</execution>
</executions>
</plugin>
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