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[bookmark: _Toc109986512]Abstract
Automation in business is a key topic providing time and cost savings to staff. The initial aim of the research is to ascertain whether web services can be implemented to automate a manual process delivered by staff at Swansea Council. The objectives are to interrogate the host systems data, convert the data to a suitable format for web services. The handling of images within a dataset and the interoperability of systems will form part of the research. Manual processes for the delivery of the documents by staff will also be scrutinised.  A review of current literature was completed where JSON(JavaScript Object Notation) proved the de facto standard for web services file format. Microsoft.NET will be used to carry out the implementation, proving images can be handled efficiently by JSON. Further research to be conducted in monitoring applications and the automation of mailing services.
1. [bookmark: _Toc109986513]Introduction
The purpose of this project is to provide an automated solution for the processing of Swansea Council Car Parks Department letters. The staff currently carry out a multitude of manual tasks to issue fines and notices to members of the public. This projects initial aims are that of efficiency through business automation, how to remove the manual processes in place to allow staff to concentrate their efforts on other more productive tasks. Car Parks staff use a host system called Chipside to produce letters for the public, this involves staff logging into the system to perform a series of manual and repetitive actions to issue letters to the public. This work by staff is not only time consuming but due to its laborious nature leaves a large margin for error, the department is responsible for generating, printing and inserting the letters, the final task of inserting is done by hand. GDPR(General Data Protection Regulation) laws are policy driven within Swansea Council and breaches are to be avoided, staff need to be prudent to ensure documents are accurate but long manual tasks can lead to human error. The overall aim is, can the development of an automated solution using web services provide a more robust solution than the one in place currently? The following objectives will need to be taken to satisfy this aim.
· Carry out a literature review of work in this field
· Analyse results of current literature
· Investigate current system and provide system analysis
· Selection of appropriate development methodology
· Development of new system
· Testing of new system

The structure of this report will be as follows 
Section 1 – Introduction
Section 2 – Review of current literature
Section 3 – Research methodology and Philosophy
Section 4 – Design and initialisation
Section 5 – Evaluation
Section 6 – Conclusion and recommendations
Section 7 – Reflection
Section 8 – References



2. [bookmark: _Toc109986514]Literature Review
2.1 [bookmark: _Toc109986515]Web Services
Web services are defined by using application standard protocols to communicate with applications over interfaces that are well defined [1]. This is formally represented by a WDSL(Web Services Description Language) document in XML(Extensible Markup Language), specifying the location and method of the service, this became a W3C(World Wide Web Consortium) recommendation in June 2007, endpoints are defined by operations and messages set to a network protocol and message format [2]. The model for web services was developed in the first instance using XML as the standard format for data interchange [1]. Listed by the programmable API(Application Program Interface) directory at 72.66% of all APIs in September 2009 XML was the dominant force [3]. Given XML has a schema XSD(XML Schema Definition) approved by W3C to describe WDSL documents that provide the outline for web services makes it powerful [1]. This provides developers information on how the web service can be called, the parameters it requires and the type of structure that will be returned [1]. The fact the WDSL can be machine read aids in the communication of applications and can authenticate various input and output whilst enlarging the clarity of services that can be detected by applications [1]. These factors pushed XML to the forefront, however the pervasive nature of JavaScript a commonly used client side programming language that runs on the web browser which natively supports JSON(JavaScript Object Notation) has contributed to JSON becoming the de facto standard file format for web services. The image in figure 1 highlights the formats with the most common requests.
[image: ]
Figure 1: API response and request formats [4]
The image shows JSON more widely used than XML, with native support from JavaScript, developers can opt for this format removing the need for any file conversion required by using XML [1]. The following sections will cover two of the main approaches for web services REST(Representational State Transfer) and SOAP(Simple Object Access Protocol).
[bookmark: _Toc109986516]         2.1.1 RESTful Web Services
REST is a web service based on Roy Fielding’s dissertation delivered in 2000, to be considered a RESTful architecture it must adhere to Fielding’s guidance on constraints and principles [5]. Resources lay at the heart of the architecture, any information that can be extracted is classed as a resource, text document, image, web pages, and streaming media [5]. The identification of web services for REST is provided by URIs(Uniform Resource Identifiers) whereby service and resource discovery is given a global addressing space [6]. REST services typically use but are not governed by HTTP(Hyper Text Transfer Protocol) to communicate with a set of functions utilising PUT, POST, UPDATE and GET, response and request message are interchanged the functions providing the information on how the requests and responses are processed [6]. The interface must include the following 6 principles to be considered RESTful.
· Uniform Interface – A common approach should be used to access resources, a single resource should be represented by one URI
· Client-Server – Client and server not to be tightly coupled the client only needs URI information not information on the server its accessing for resources
· Stateless – Clients manage application state nothing is stored server side
· Cacheable – Implementing caching can be on client or server side
· Layered System – The system may be set up in layers where multiple resources are stored on different servers with each layer unaware of the next or previous system
· Code on Demand – This optional feature when enabled allows the server to return executable code to the client [7]
[bookmark: _Toc109986517]       2.1.2 SOAP Web Services
The SOAP(Simple Object Access Protocol) standard allows messaging between different systems using HTTP and XML, it is a synchronous, stateless standard whereby communication occurs between soap nodes [8]. SOAP is considered lightweight due to its emergence from testing mark-up text from systems such as HTTP(Hyper Text Transfer Protocol) and XML, SOAP does rely on a particular operating system or platform for communication [8]. A SOAP message has three components
· The top element of the message is the XML document the header
· Features can be added to the envelope it is a generic part of the message that requires no initial agreement between SOAP nodes
· The body is compulsory containing information for the receiving SOAP node [8]
The three elements of SOAP protocol are
· SOAP Envelope – This provides the framework for the message, which node shall deal with it and if it’s a mandatory or optional message
· Encoding – Rules for the serialisation of data on an application level
· RPC(Remote Procedure Call) – Defining the rules for agreement that represent the call [8] [9]
SOAP requests fall into two categories, document requests involve the interchange of a XML document between nodes and RPC a synchronous method where the sender sends the call then waits for the response [8].
· Document Request – Two SOAP nodes interchange information in the form of a XML document, there is a degree of flexibility, updates can be applied to the XML without affecting the initial application request [8]
· RPC Request – This allows functions held remotely to be accessed by the SOAP node, this kind of web service is tightly coupled to the server and driven by the interface, web services are called by passing parameters to receive return values [8]
[bookmark: _Toc109986518]       2.1.3 SOAP vs REST
SOAP and REST both have positive and negative aspects to their approach, these are listed in figure 2 below.
[image: ]
Figure 2: SOAP vs REST [10]
To compare SOAP and REST protocols Castillo, et al. [10] established a testing strategy that involved using both protocols to conduct two experiments. Firstly a client server system was implemented with the server running and client processing send and receive text messages, secondly a GA(Genetic Algorithm) master slave is implemented with processes on the slave evaluated by the fitness function. The results from the first experiment were gained from sending two messages one string 100 characters in length the other 1000, this to establish communication time against size of data, the process was repeated 50 times. The results are shown in figure 3.
[image: ]
Figure 3: SOAP and REST process time [10]
SOAP processing proved to be slower, this was the time needed to parse XML data. Experiment 2 used the client to monitor the fitness function with the master process carried out on the server, this method of GA is known as farming [10]. The results are highlighted in figure 4.
[image: ]
Figure 4: SOAP vs REST GA result [10]
REST proved faster than SOAP again in the GA result, Castillo et al. [10] found XMLs expansive nature a factor when parsing data, slowing execution down. Both approaches can be used for web services with REST more suited to systems that have the following characteristics 
· Reduced resources, low bandwidth
· Where operations need CRUD(Create, Read, Update and Delete) requests
· Caching of information, REST is stateless
SOAP would be the preferred choice if the proposal required
· Client and server must agree format tightly coupled
· Improved security
· Asynchronous communication [10]
2.2 [bookmark: _Toc109986519]Data Format for Web Services
The emergence of cloud computing has contributed to the growing use of web services, with data interchange between mobile devices commonplace and data rarely stored locally, a suitable format is required to exchange data [12]. The following sections will investigate two common formats, JSON and XML. 
[bookmark: _Toc109986520]        2.2.1 XML
XML document format begins with a root element that forms a branch structure [1]. All rules related to the XML standard are approved by W3C, each XML document must adhere to these rules and be “well-formed” [1, p. 2] to be considered legitimate. There are various methods used for formatting XML that are accepted by W3C, these include XPATH, XML Schema and XML Namespaces [1]. Processing can be achieved typically using XML:DOM(Document Object Model), XLST(eXtensible Stylesheet Language Transformations) and XPATH [1]. 
[bookmark: _Toc109986521]        2.2.2 Processing XML
The DOM is one option for accessing XML documents which once read by memory are usually expressed in the form of a tree structure, this can be accessed by various libraries, JQuery being a common example [1]. The XDM(XPath Data Model) is utilised by XLST, XPath and XQuery, objects are supported by items in the description of W3C XML Schema, the DOM can be considered less powerful than XDM which provides support for floating type integers [1]. The image in figure 5 highlights the intersecting nature of these technologies is shown in figure 5 below.
[image: ]
Figure 5: XML technologies [1]
Frequently used methods for XPath are passing XPath expressions to the XPath engine with XML documents, the XPath engine evaluates the expressions and returns the result [1]. Multiple options for using this method are available if XPath is included with XLST or XQuery this is achieved indirectly but can also be utilised via command line or API(Application Programming Interface) [1]. XPath employs a node structure using several types of node, document, namespace, attribute and element, each XML node is then viewed as a tree, these nodes can then be accessed via an interface [1]. JavaScript makes use of its evaluate function to access XML documents using the XPath expression to return the node as an object an example of the code is shown below figure 6
[image: ]
Figure 6: JavaScript Evaluate Function [1]
[bookmark: _Toc109986522]       2.2.3 JSON
JSON was originally derived from the JavaScript programming language, its format is text based and its representation of objects is presented in key value pairs [2]. There are two data structures at the centre of JSON design, objects are represented unordered by key value pairs, a colon is used to separate the values [13]. Data types within the object are Boolean, number, string, null, object and array with the names as strings, the image in figure 7 highlights the attributes within quotations the colon separates the name.
 
[image: ]
Figure 7: JSON format [13]
Arrays are represented by an ordered values in square brackets, delimited by a comma, the values within the array may be different types, including objects or nested arrays [13]. The notation used by JSON within an array is shown in figure 8, highlighting two arrays location and employee.
[image: ]
Figure 8: JSON array [13]
[bookmark: _Toc109986523]       2.2.4 JSON Filtering
Originally JSON did not have the tools employed by XML to filter and traverse documents, JSON would simply parse the data into an object and accessing the properties would be left to the language used by the developer [1]. Nowadays JSONs need for alignment with XML is recognized, two main methods are JSONPath and JSPath, data may be extracted from JSON using these technologies removing the need for scripting, this enables requests made client side to be decreased to the data needed, optimising performance by reducing the amount of bandwidth required [1]. Browsers that enable support for JSON can make use of the JavaScript function parse for string conversion to JavaScript object, the parser will only acknowledge the text within JSON and not perform any compilation of scripts, speeding up processing [1]. The image in figure 9 shows the parse function
[image: ]
Figure 9: JavaScript parse function [1]
To parse JSON data libraries are commonly employed by developers to simplify the procedure, JQuery can be used to achieve this, some example code showing JQuery tools for parsing JSON is highlighted in figure 10.
[image: ]
Figure 10: JQuery method for getting JSON data
[bookmark: _Toc109986524]       2.3 Comparing XML and JSON
The structure of both formats differs with XML the more complex of the two, studies carried out by Breje et al. [12] focused on comparing performance from a memory usage and runtime perspective. Server side language was PHP(Hypertext Preprocessor) and a web API constructed using the Laravel framework was setup for testing, the four main methods for calls were used, POST, PUT, GET and DELETE, with data being sent back in both formats. Results concluded that XML consuming more memory than JSON and any additional elements added resulted impacting on application performance. XML using more memory and response time once you reach 10,000 items was over 3 times higher, figure 11 highlights this for GET requests.
[image: ]
Figure 11: XML and JSON result [12]
The response times were recorded without compression, the table in figure 12 highlighting the results
[image: ] 
Figure 12: GET response times [12]
Further testing with compression enabled using Gzip compression on the server, showed JSON responding with a time between 25% and 35% quicker [12], the size of the file was reduced by a fifth, figure 13 shows the results with compression enabled.
[image: ]
Figure 13: GET response with compression enabled [12]
The POST and PUT operations produced similar results but the difference in the DELETE operation was minimal. These results are corroborated by Lin et al. [14] whose testing of both formats for data transfer produced the results in figure 14, the same data set was used then increased gradually to analyse performance, for accuracy the mean value was used.
[image: ]
Figure 14: XML and JSON transmission time [14]
Further analysis was also conducted on the client side to compare how the formats conduct deserialization XML has the more complex structure whilst the simple structure of JSON allows deserialization of data to an object in JavaScript using a single function [14].  The image in figure 15 shows the increase in data barely impacts the ability of JSON to perform deserialization, this is in contrast to the performance of XML which raises the parse time for each increase in data.
[image: ]
Figure 15: Client deserialization result [14]
[bookmark: _Toc109986525]       2.4 Literature Review Conclusion
The comparison testing of web services performed by researchers Castillo, et al. [10] noted in the literature review indicated that REST was more suitable for systems performing multiple CRUD operations. The Car Parks Project will be implementing these operations whilst interacting with the database, the monitoring application will also use CRUD. This is pertinent to the project. Current literature regarding data format shows that JSON is the most widely used format and tests conducted by Breje, et al. [11] using common CRUD operations highlighted JSON superiority in terms of performance when compared to XML. There are positive and negative points to be considered using either data format with JSON being more lightweight and suitable for CRUD operations with a simpler format leading to an increase in deserialization speed. XML is the more established with standards set for namespaces and schema, allowing agreement on format interchange between systems.



3. [bookmark: _Toc109986526]Research Methodology and Philosophy 
[bookmark: _Toc109986527]       3.1 Case Study
The methodology for this project will be a case study. The methodology will be positivist and using a flexible design, which allows parameters to change over the duration of the study [15]. Researchers Runeson and Host [15] list three key main attributes that summarise a case study
· The case study is flexible and able to manage the dynamism of real world occurrences
· Data collected from multiple sources be it qualitative or quantitative is used to draw conclusions
· If established theory previously exists it is to be built upon [15]
These constructs lend themselves to the Car Parks Project, a real world project involving data collection, building on the existing theory of using web services to provide business automation. The case study is not meant to provide statistics, but instead a strong conclusion based on the corroboration of different types of data [15]. 
[bookmark: _Toc109986528]         3.2 Overall Objective
For the purpose of this paper the overall objective will be used to highlight the expectations of the case study [15]. This method has similarities to theory/hypothesis whereby a theory is produced and tested by the hypothesis, in this instance the overall objective will produce a series of research questions, which are answered with the case study analysis [15]. The overall objective is -
· Can Web Services be used to automate a manual business process
The overall objective produced the following research questions -
· Can data be extracted from the host system
· Can the data be converted to a format suitable for web services
· How can interoperability be achieved across multiple systems
· Can images be transferred correctly across the network 
· Can the manual methods for mail out be automated using 2D barcodes
[bookmark: _Toc109986529]       3.3 Philosophy 
The French philosopher Auguste Comte is credited with the positivistic philosophy, the analysis used in this project will be framed by Comte’s approach. Comte’s philosophy is formulating logic based on its relationship to data [16]. This train of thought is suited to the Car Parks Project, the data held on the host system is key to the project’s success, the logic is borne out of the relationship between the two paradigms. Positivism will be paired with a deductive stance, whereby a conclusion is drawn from the general statement (overall objective) using a series of premises (research questions) [17].
[bookmark: _Toc109986530]      3.2 Software Methodology
Traditional models for software development methodologies such as the waterfall and spiral methods were popular in the 1990s these methods were slowly overtaken by the agile process [18], some of the advantages of agile are its adaptability, speedier time to market and a greater focus on customer interaction. Traditional methodology proved unable to respond to user changes, using a long process of documentation in its initial phases leading to slow development turn around, agile switched the focus of the methodology from documentation to user interaction [18]. There are multiple options for agile development in use today, FDD(Feature Driven development), TDD(Test Drive Development), DSDM(Dynamic System Development Model) XP(Extreme Programming) and Scrum each with positive and negative aspects [18]. For the purpose of this project the XP model will be used with some alterations to the methodology to suit small development projects.
[bookmark: _Toc109986531]      3.2.1 XP Programming
XP programming was developed originally by Kent Beck, combining some of the best features of software engineering principles, values and practices [19]. XP is usually implemented for small to medium projects considered low risk [19], this general aim aligns with the final year project. XP programming is built on a set of core values, which are used to create harmony on projects as a pose to inflicting a set of strict rules [20]. The core values which are open to adaptation include
· Simplicity – To maximise value small steps are taken doing what is asked for and required not more
· Communication – Everyone is involved with the team, meeting customers regularly to create the finest solution to the problem
· Feedback – Software delivery is based on iteration with process adapted to the project not the other way round
· Respect – Customers are respected by developers and vice versa, with management encouraging responsibility over your own work
· Courage – Truth is at the forefront of progress, no excuses are made for failure [20]
The map XP programming takes from spike to release is highlighted in figure 16 below
[image: ]
Figure 16: XP Programming Map [20]
The challenge regarding this methodology is the adaption to suit the project environment, something many forms of business conduct in house when implementing the agile process [19]. 
[bookmark: _Toc109986532]     3.2.2 Adapting the XP Model
The original model for XP programming contains six separate phases, exploration, planning, iteration, production, maintenance and death [19]. The breakdown of each phase is listed below
· Exploration – Gather system requirements via user stories
· Planning – Aspects of project plan implemented 
· Iteration – Development order of iterations is noted
· Production – Software is tested
· Maintenance – Functionality can be upgraded, whilst keeping the system online
· Death – After requirements have been met any documentation is added and software is released [19]
There are 12 best practices of software development included throughout these phases, XP utilises these practices to implement superior software [19]. These practices incorporate metaphor, pair programming, continuous testing, continuous integration, coding standards, on site customer, 40 hour weeks, simple design, small release, planning and refactoring [19]. Anwer et al. [19] argue, this is where the methodology can be adapted to suit a small solo project. With well-defined requirements in place that are unlikely to change, CD/CI(Continuous Development/Continuous Integration) being on site with the customer and 40 hour weeks part of XP practices, these do not suit a small project and could prove hard to include [19]. 
[bookmark: _Toc109986533]      3.2.3 Modified XP Solution
The remodelling of the original XP process involves reducing the phases to 3 in place of 6. This proposal was first introduced by Anwer et al. [19] this aligns with the Car Parks Project. The 3 phases involved are initialisation, development and testing followed by release, a diagram of the model is shown in figure 17.
[image: ]
Figure 17: Adapted XP Model [19]
The image shows the 3 phases, here its merits for a small solo development project can be seen. The simplification of the 6 phases corresponds well with the Car Parks Project, allowing the removal on site customer interaction, there will be still interaction with the customer but this can easily be done remotely with less change likely to the requirement list on a small project this works. CI/CD is not present the reasoning here being the size of the project will generate less iterations removing the need for it to be continuous [19], all these factors will benefit the timescale allowed for the project as a pose to the potential hindering using 6 phases.
[bookmark: _Toc109986534]       3.2.4 Why XP 
Agile methodologies have many forms, these are mentioned in section 3.2 the selection of XP was considered the best solution. Researchers Aftab et al. [18] conducted an empirical study comparing the use of FDD to XP in a small project and concluded every quality metric tested FDD performed poorly when compared to XP [18]. Further analysis revealed FDD contains complex procedures combined with an unyielding structure which makes FDD unsuitable for small projects [18]. Scrum was also investigated but Scrum is a project management framework more suitable for managing larger team projects [21], this is in contrast to the small project scenario. 



4. [bookmark: _Toc109986535]Design and Initialisation Phase
[bookmark: _Toc109986536]      4.1 Initialisation
The initialisation phase provides the base for the project, here requirements are gathered from the customer via user stories [19]. Software design and planning are considered in this phase.
4.1.1 [bookmark: _Toc109986537]User Stories
User stories have been gathered via informal meetings to capture the core of the processes carried out by the end user, these stories can be defined as some simple sentences that highlight what the user needs to do or currently does on the system [1]. The informal meetings creating user stories provides a basis to formulate requirements for the system. A user map was also created to provide a timeline and some flow for the user stories, this also allows the designer to prioritise the user stories on order of importance beneath the map, this provides a simple way to organise a workflow. The map is shown in figure 18 below.
[image: ]
Figure 18: User Story map
The industry standard format for user stories was used, as a (USER) I want (GOAL) so that (BENEFIT). Figure 19 highlights the user stories
[image: ]
Figure 19: User Stories
An acceptance criteria is added to the user story along with story points, the benefit of adding these two guidelines to the user story is that each one feeds the other. Adding an acceptance criteria fuels thought about how you can actually test a user story, this in turn fuels thinking about how long it would actually take to write code that is testable. Once this process has been done the designer can use story points to indicate the time line and complexity of implementation, this will not be exact but provides a framework to follow. Following the user stories nouns or noun phrase were formulated to describe abstractions that may be used within the system [23], at this stage of the agile process these are considered flexible and will potentially change, a good starting point which allows identification of methods that can be applied. Figure 20 features the class and method names.
[image: ]
Figure 20: Classes and methods
[bookmark: _Toc109986538]       4.1.2 Card Design
Initially developed in a paper designed for teaching by Cunningham and Beck CRC(Classes Responsibilities and Classes) cards have been adopted into software development and design [23]. The individual card will have a class, these can be used to express which objects in the system have things in common [23]. Whilst this is normally considered a team activity in this instance it is justified to adopt this process for a single developer project, it will provoke thought around SRP(Single Responsibility Principle) forcing thought about what the class is actually responsible for. Further reasoning for this approach is generic programming, if you can design a class with a single responsibility it increases the chance of the code being used elsewhere a crucial point of OOP(Object Orientated Programming). The class name is added to the top of a card with a single purpose, the responsibility column is a knowing or doing function the service provides when this information is considered insufficient the class can look for other classes who may be beneficial to the class for it execute its responsibility these are called the collaborators [23]. This approach is useful because it allows the development of an object oriented approach before any actual coding takes place and provides a structure to work within. The CRC cards are shown below in figure 21.
	Class: CarParkLetters

	Responsibilities (Knowing and Doing) 
	Collaborators (Helpers)

	Extract the data for car park letters
	

	Convert the format 
	LetterFormat

	Know the amount of letters submitted and inform the tracker
	LetterTracker

	Know the letter type 
	LetterType

	Check the number of letters processed inform tracker
	LetterTracker

	Check for errors during extraction
	LetterErrors



	Class: LetterFormat

	Responsibilities (Knowing and Doing) 
	Collaborators (Helpers)

	Know the format of the data
	

	Convert the format for letters
	CarParkLetters

	Convert the images to base 64
	CarParkLetters



	Class: LetterTracker

	Responsibilities (Knowing and Doing) 
	Collaborators (Helpers)

	Know the amount of letters processed
	

	Know the amount processed compared to amount extracted
	CarParkLetters





	Class: LetterErrors

	Responsibilities (Knowing and Doing) 
	Collaborators (Helpers)

	Know if any errors occur
	

	Check for extraction errors
	CarParkLetters

	Check for conversion errors
	LetterFormat



	Class: LetterExport

	Responsibilities (Knowing and Doing) 
	Collaborators (Helpers)

	Export letters to network location
	

	Send letters 
	LetterFormat


Figure 21: CRC Cards
The CRC cards allow development of a sequence diagram to provide an overview of the system, showing the classes involved and the methods called by the classes. This is a simple design tool to provide an overview of the sequence of method calls and how they interact. Figure 22 shows the sequence diagram and method interaction.

[image: ]
Figure 22: Sequence diagram
4.2 [bookmark: _Toc109986539]Prototype and Implementation
The first phase for the project was to connect to the host system using database software Microsoft SQL(Structured Query Language) Server Management Studio, this was carried out to provide an overview of the data structure, to inspect relevant table, column names etc. The software selected for the project is Visual Studio 2022 the choice of software was influenced by the fact Microsoft .NET can run on any platform and gives access to various libraries with the .NET ecosystem [24]. These tools are going to provide integration for data access and JSON serialisation, the speed of the framework also offers an advantage, performing well in comparison with similar software. The image show in figure 23 highlights .NET benchmarking against Java and Node.js
[image: ]
Figure 23: .NET benchmarking [24]
C# is being used as the language to interact with the Microsoft.NET framework, an Object Orientated language, this approach was selected to provide a generic element to the coding of the system. This makes use of the SRP(Single Responsibility Principle) stating that a class within the system should only have one responsibility, the argument being when requirements are changed this makes the change easier, with an additional benefit being, one responsibility is clearer to understand and easier to reuse elsewhere or on another system with little change [25]. 
[bookmark: _Toc109986540]       4.2.1 First Iteration
The first iteration involved creating a prototype for the project, designing a simple interface that gives the ability to test whether connection to the host database is functioning from within a console application. This was a crucial phase the data is key to the project success. Some connection issues were encountered initially and a multitude of access/permission rights were required prior to connection. Once established a Person class was created to host a list of attributes in line with fields stored on the host system.  Connection was made utilising the System.Data interface provided by Microsoft.NET, the code snippet is shown in figure 24 below.
[image: ]
Figure 24: IDbConnection to database
This code snippet can easily be reused by altering the database name passed into the Helper method.
A mechanism was required to test the connection, for this a windows form prototype was designed to perform a search based on surname to test data being returned from the host system. The search interface is shown in figure 25 below.
[image: ]
Figure 25: Form prototype 
A suitable data structure needed to be included in which to store the data returned from the database by the search method used in the form prototype. A list was selected for its ability to dynamically resize, querying databases inevitably means it’s impossible to predict accurately the size of the data set returned, this would make an array more difficult to implement, because an array would need to know the size of elements prior to initialisation [26]. The first iteration is completed successfully with connection established and data returned. The result is shown in figure 26 below.
[image: ]
Figure 26: Data returned 1st iteration
[bookmark: _Toc109986541]       4.2.2 Second Iteration
The objectives for the second iteration was to convert the data to the correct format for the middleware, stated in section 2.3, research proved JSON to be the superior format. The use of Microsoft.NET framework proves useful to achieve this, providing access to the JSONSerializer class, this enabled access to the methods of the class and write JSON data to the list. Figure 27 shows the code snippet.
[image: ]
Figure 27: Convert data to JSON format
Further testing was carried out to confirm the format of the data the image in figure 2 shows sample records successfully converted to JSON format.
[image: ]
Figure 28: Sample data converted to JSON
The next process to conclude the second iteration was to write the JSON file, this would have to be written locally, permission issues within Swansea Council were encountered, for testing purposes a file written locally was chosen to move the project forward and complete the second iteration. A method was created for this functionality to enable reuse of the code. The method is shown below in figure 29.
[image: ]
Figure 29: Write JSON method
All that was required was the specification of a filename and the passing of the JSON string shown in figure 27 to write the file to the default location of the debug folder to complete the iteration.
[bookmark: _Toc109986542]       4.2.3 Third Iteration
Images stored on a separate server to the data need to be accessed and included in the JSON output file. The third iteration is centred on this issue, for testing purposes the decision was made to use the iteration to read a single image file to test if connection to the server is valid and whether a read would be permitted. The reason for basing the iterations on this premise is the authentication issues that have arisen within Swansea Council, whilst some of these may not be insurmountable the timeframe involved justifies the compromise. Images cannot be stored natively within a JSON file, they must be converted to a string to ensure the data does not get corrupted when sent over the network [27]. The  method below was created, this allowed all bytes of data to be read into an array, once read the bytes are encoded using Base64 format then returned. The method is highlighted in figure 30.
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Figure 30: Convert image to string
This method will increase file size due to the Base64 conversion, this size penalty is incurred to ensure the correct data is delivered as expected. Figure 31 shows bytes being read into the array and the imageString variable being returned.
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Figure 31: 
The next process is to utilise the WriteJSONToFile method highlighted in figure 29. The text visualizer is used to illustrate in figure 32 successful conversion to JSON format.
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Figure 32: Image in JSON format 
This concludes the third iteration with an image successfully read by the application and converted to JSON format as part of a record set.
[bookmark: _Toc109986543]       4.2.4 Unit Tests
The testing of the code was carried out utilising the test projects that Microsoft.NET offers, as stated in section 4.2 this is one of the benefits of framework it includes full testing packages. The approach taken was to add an MS test project then test sections of the code for functionality, the logic applied was to test whether the correct number of records specified to test was being returned and also to test the case of zero records being returned, this testing confirms the methods are returning the values expected. Figure 33 shows testing for 10 records.
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Figure 33: Unit test for 10 records
JSON output being a crucial factor to the project a further test was implemented to check whether the file was being written correctly. Firstly testing the existence of the file before calling the method to write the file and testing again. Figure 34 highlights the test for JSON file.
[image: ]
Figure 34: Unit test for JSON file 
Testing all unit tests was then run for success/fail confirmation, the successful test window is shown in figure 35.
[image: ]
Figure 35: Unit test results
To conclude the test results show 3 main components of the systems are functioning correctly, the number of records retrieved or not and the writing of the output file in the correct format.
[bookmark: _Toc109986544]       4.3 Middleware
Swansea Council uses a middleware product developed by Objectif Lune called Connect, this software acts between host systems, extracting the  data produced, performing the action departments require in this case formatting JSON and passing onto printers located at the Civic Centre. The selection of this software was made due to its suitability to handle the format and its workflow tool for automation. The test file generated was then tested by the middleware product Connect to test if the JSON file could be read and fields extracted by the datamapper tool. The test was successful the image in figure 36 shows the test file extracted in JSON format.
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Figure 36: Datamapper Extraction
The next step in the middleware process is to design a letter template to pair with the fields extracted by the datamapper, below in figure 37 is a test design highlighting the extracted fields added to the design template.
[image: ]
Figure 37: Test letter template
5. [bookmark: _Toc109986545]Evaluation
[bookmark: _Toc109986546]      5.1 The Host System
The issues encountered during the implementation phase of the project revolved around the access permissions to the host systems database, these are set by the Council and non-negotiable. The issue was the system is developed by a third party company not the Councils internal software department, this provided read only permission. Firstly this seemed enough but as the project developed and the sheer size of the host system was investigated with over 150 tables containing multiple columns it became apparent it was not. Time was spent attempting to reverse engineer the relationships within the tables but without the access rights required to see the database schema this proved difficult to achieve.  Effort was made in this area, unfortunately the third party only tends to support their own front end application and a request for elevated access privileges was denied. 
[bookmark: _Toc109986547]     5.2 Modifying Output
Adapting the project output files was a decision taken in light of the complexity added by limited permissions to the host system. This had an impact in terms of record accuracy and a further impact on system design. The design was to utilise the latest date files were submitted by users to extract an up to date record set, some testing was carried out in this area, with multiple date types set in different tables, the lack of schema did impact, however the example code on the SQL server indicates the type of logic to be implemented this is highlighted in figure 34 below.
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Figure 34: SQL join test code
To extract the records multiple joins were needed, this would enable the various fields required to be combined, without access to the schema which would have provided the insight in how the tables primary and foreign keys were linked this was not possible. To overcome this obstacle the prototype shown in figure 25 was used to access address records, this could only be achieved however by using SQL directly in the code of the application a process which leaves the application to SQL injection attack, where the SQL can be modified by a hacker exposing the database [28]. This could be prevented by using stored procedures in place of directly using SQL code in the application. Creating the stored procedures database side would be a step to nullify this type of threat, the permissions set did not allow for the creation of stored procedures, implementation was not carried out, as the system was internal in test this compromise was acceptable. 
[bookmark: _Toc109986548]       5.3 Data Access
The data held on the host system brought up questions that proved difficult to address without further access to analyse the system. The address table held no foreign key from the notices table on the system. This begged the question when a notice is issued by the staff member how does it look up its corresponding address on the database? Significant time was spent analysing the data with the conclusion being a third bridging table must be used to connect the two tables. Through the preliminary stages of the project the letter type was brought up with staff who thought the field Notice Type indicated which type of letter it was. Inspection of the data revealed this not to be the case with a query returning the same notice type regardless of the fact the numbers used to structure the query were known different letter types on the system. 
[bookmark: _Toc109986549]       5.3 Project Aims and Objectives
The JSON format used in the project agreed with literature covered in section 2, its ease of use and speed were a factor. The writing/reading of the file by the application and the middleware instantaneous and the simple structure noted as a favourable point was correct. The format proved easy to analyse for record completion and testing. The projects overall aim is -
· Can Web Services be used to automate a manual business process
Data was successfully extracted and converted to the preferred format for web services, images were inserted and could be sent across the network, this proved web services can be used. The validity of the data will need to be improved but the concept is true. The list of research questions generated by the overall aim are listed below.
· Can data be extracted from the host system
This was achieved successfully by the application
· Can the data be converted to a format suitable for web services
The conversion of data was successful and read by the middleware
· How can interoperability be achieved across multiple systems
Once the data was in place in the correct format some further authentication privileges would allow the systems to communicate. This objective will require further testing once access is in place 
· Can images be transferred correctly across the network
 The images can be transferred across the network with correct access for testing purposes the files had to be stored locally, then transferred to the middleware which read the output file
· Can the manual methods for mail out be automated using 2D barcodes

[bookmark: _GoBack]The automation of letters using 2d barcodes was not met the reason twofold access permissions affected the validity of the data and time spent reverse engineering the process impacted the work needed to implement the 2d barcodes. The aim overall aim of the project to fully use web services was not met largely due to the same issues, the monitoring application was not implemented with time running out. The general overview of the project was not exactly what was expected, there was added complexity of data that perhaps was underestimated, that said with the benefit of hindsight alters perception. The additional myriad of issues created by policy driven authentication were not helpful, however a positive attitude remained and the data was adapted to meet the objectives. In terms of repeating this project there are some things which could be done differently, firstly investigating how access to resources impacts overall success. Secondly the host system was hosted by a third party, to know upfront that contact with the correct member of staff in the organisation could be arranged. The interviews with staff members in preparation of the project were helpful, however an analyst involved in the writing of the software would have proved beneficial. Thirdly with the two changes in place this would have facilitated accurate delivery of the design in Section 4, but a decision had to be made to adapt the data and design to move the project forward to meet the objectives. In the circumstances this feels justified. 



6. [bookmark: _Toc109986550]Conclusion 
This project aimed to automate the manual process currently carried out by staff at Swansea Council. Based on the research conducted in the literature review, JSON is the de facto file format for web services with XML still retaining its place where security is a deciding factor. The application created to enable connection and extraction of data from the host system provided the first step which proved key to meeting the objectives listed in Section 3. The work carried out in extracting and converting data from the host system was essential in meeting the objective format for web services data. Using the Base64 conversion method to ensure images could be sent across systems proved decisive to meet the objective. Access issues obviously impacted results however things unforeseen are common in projects, with the model being adapted as necessary. The work carried out by reverse engineering the system whilst not wholly fruitful still led to interesting questions about the host system in terms of what was required to create the records needed. This gave a clear insight into the complexity involved when integrating a large public sector system and certainly provided food for thought on the interaction of data when multiple information is required. 
[bookmark: _Toc109986551]      6.1 Further Work
To enable full automation of the system further work would need to be carried out. The correct joining of tables would be beneficial, once achieved a web application could be implemented to monitor results. This would give greater insight into how the data performs, an accurate output file could be monitored using the web application to gauge file size, speed of network transfer and the impact of images on performance. The mail insertion automation is another area which would benefit from further work, the middleware performing this part of the process, once additional testing could be carried out by print unit staff on the hardware located in the Civic Centre.









7. [bookmark: _Toc109986552]Reflection
The work carried out investigating the host system has been of great benefit furthering my knowledge in what is actually involved when you have to interact with multiple areas of technology in a meaningful way. Topics covered over the duration of this course are no doubt advantageous but the work done in this project has provided key insight into linking these topics together. There has also been a greater thirst for knowledge provided by the research and implementation, the need to take things to the next level in terms of competency and understanding the building of applications has been brought to the forefront by the work undertaken. My self-confidence and discipline have also grown, firstly self-confidence has grown from doing the work, gaining insight into the requirements needed to interrogate data. Discipline relating to time management has increased by working more consistently in shorter bursts, this method improves productivity. Setbacks encountered have made me reflect upon perfectionism as a concept, its unhelpful, sometimes things occur beyond your control and adaptations must be made to enable progress, this I found useful.  The work could be bettered by initial investigations being done more thoroughly, at this stage of the project involving the correct staff to provide the insights needed would have been a change worth making.
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7/ test nunber of| records for is equal to 16
[TestHethod]

public void TestSurnaneNewnan1eRecords()

€

List<person> people = new List<Person>();
Datahccess db = new DataAccess();

people = db.GetPeople(“newnan*, 16);

int nuaPeople = people.Count;
Assert. AreEqual(nunPeople, 10);
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//test method for writing json file
[TestHethod]
public void TestiriteJsonFileQ)

List<person> people = new List<Person>();
Datahccess db = new DataAccess();

people = db.GetPeople(“newnan*, 16

string folder = @"C:\Users\alex. thomas\OneDrive - Swansea Council - Cyngor Abertawe\Desktop\Final_Project_Test_Folder";
string fullPathstring = Systen.10.Path.Combine(folder, "testFile.json");

Assert. IsFalse(systen. 10.File. Exists(fullPathstring));
db.uritePeopleToJsonFile(fullPathstring, people);

Assert.IsTrue(Systen.10.File. Exists(fullPathString));
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DECLARE @import_date datetime - '2009-11-04 00:00:00.000"
DECLARE @tomorrow_date datetime = DATEADD(day, 1, @import_date)

SELECT distinct top 100 Related_Reference 1D
R0 Notices LEFT 7011 Addresses O Addresses.Reference_ID - Notices. Relsted Reference 1D

WHERE Date_Imported >= @import_date AD Date_Imported < @tomorrow_date
AND Reference_Type="NOTICE"





