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[bookmark: _Toc109832964]Abstract
The Aim of the project is to provide a case study that analyses:
· A testing methodology that can be utilized in an on-premises/Cloud hybrid infrastructure.
· An implementation of a chosen framework that reduces not only time and cost but provides a means of testing on-premises before cloud deployment.
· The research method to come to this conclusion.

The outcome of this project:
· Implementation of testing framework.
· Deliverable of framework to real life development at Merthyr Valley Homes
· Concluding that the replacement of the current code testing process utilizing a framework can reduce time and cost overall.	
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1.0 [bookmark: _Toc104302289][bookmark: _Toc109832965]Introduction
Merthyr Valley Homes is a social housing sector organisation that provides housing to the residents of Merthyr Tydfil who are in need of housing support. The organisation resides within the housing sector and has been operating since 2008 serving the people of Merthyr Tydfil. The organisation currently manages 4500 properties, 4000 properties are a variation of houses/bungalows/flats and 400 are garages and is steadily growing into creating new estates and homes going forward into 2022/23. The organisation is made up of six departments:
· Anti-social Behaviour – a department that deals with anti-social behaviour cases and resolutions within a restrictive period. The cases are set against SLA’s (Service Level Agreement) and can be dealt with, given the severity, inhouse so that the Police service is not inundated with calls for minor matters. A service level agreement is departmental contract set to ensure all tasks are conducted within an appropriate timeframe. Each case has a type such as Domestic Violence, property damage, alcohol related, fly tipping etc.
· Engagement & Ownership – Tenant organisation liaison team that also promotes the Mutual ideology. Where tenants have an input into the running of the organisation via the Governing Democratic body. 
· Homes & Services – a department that deals with the repairs and maintenance of all Merthyr Valleys Homes properties. This department is split into office staff, who deal with administrating incoming repair jobs and trades operatives who fulfil the repair against the property. The maintenance of properties within Merthyr Valley Homes is of the highest priority as our tenants reside within the properties. 
· Contact Centre – Front line department that deal with tenant enquiries and liaise with all department within the organisation. The central hub of Merthyr Valleys Homes the communication pipeline between tenants and employees. This department deals with general enquiries, complaints, raising repairs and logging Anti-social behaviour calls.
· Housing – the department that supports all Merthyr Tydfil housed tenants in multiple capacities. Making sure the tenancy agreement is adhered to and tenant’s wellbeing is taken into account upon each visit and regular check. Each tenancy is managed by one or more of the Housing Officers by splitting large areas of properties into patches. The case type tenancy breaches this department deals with are deliberate overcrowding, garden breach, illegal occupier, etc. The departments case types fall under an agreed Service Level Agreement.
· Assets – works alongside Homes and Services in working out maintenance on each property within Merthyr Valley Homes and planning future works required to keep each property within the Welsh Housing Quality Standard set by the Welsh Assembly. 
Each of these departments utilizes the current on-premises software Microsoft Dynamics CRM. This enables them to input data into a central database and report on data from one point. Additionally, the CRM system provides views and reporting functionality to aid in ensuring Key Performance Indicators are achieved in the short term and that the statistical metrics are observed.

Microsoft Dynamics CRM is a customer relationship management system that provides a hight level of development ease within an organisation [1]. The system permits an easier development route in terms of customizations and code implementation where non coders are able to develop solutions and deploy to users. Merthyr Valley Homes development team split the CRM into parts where the coding aspect is carried out by higher level competent employees and simple form building is undertaken by the junior members of the team. CRM Customization is conducted as a low code exercise within a designated CRM solution package.

Merthyr Valleys Homes needed to change mobile working standards due to the Covid pandemic of 2020 which has forced the use of meeting-based software such as Microsoft Teams and further shifts into working from home and mobile working. The organisation was in a convenient situation whereby its mobile working was at a level where Microsoft Teams was already in place, and they had laptop access to the work desktop from anywhere a user could log into a network. Utilizing VMware vSphere, the employees work desktop is projected via a thin client where Microsoft Productivity suite is accessible.

This report follows on from the literature review report “Cloud Technology Research for A Social Housing Organisation [2]”. The fundamental aim of the previous report was to evaluate a selection of cloud-based offering from two major Cloud computing companies (Microsoft Azure and Amazon AWS) and one independent company (Netcall’s Liberty Create). The evaluation brought Microsoft Azure as the platform to utilize for Cloud Technology for the social housing organisation Merthyr Valley’s Homes. Merthyr Valley Homes currently uses Microsoft Dynamics as its customer relationship manager. The cloud version of the said software Microsoft Dynamics 365 is many versions ahead and obviously loses some of the on-premises benefits such as more configurable data integration. 

The aim of this project is to evaluate various software testing approached for deploying on-premises software to the cloud as Software as A Service(SaaS):

[bookmark: _Toc104302291][bookmark: _Toc109832966]1.1 Objective 1
Analyse software testing techniques that could be used to deploy an application to the cloud.
[bookmark: _Toc104302292][bookmark: _Toc109832967]1.2 Objective 2
To determine the effectiveness of an innovative approach to testing for porting an on-premises application to the cloud by analysing the required testing frameworks available on the market that would facilitate the most benefits and reduce overall costs and time. 
[bookmark: _Toc104302293][bookmark: _Toc109832968]1.3 Objective 3
To Evaluate the practicality of testing frameworks in the software development working practices at Merthyr Valley Homes.

[bookmark: _Toc109832969]2.0 Literature Review
The current Merthyr Valleys Homes cloud testing methods are non-existent due to the current installation of Microsoft Dynamics CRM on-premises solution. But there are equivalents and comparisons that can be drawn from Cloud Testing methods. In E Y Galimova’s - Discussion of cloud CAD software testing approach, a series of initial testing questions are posed pre-development [3]. These questions that interrogate the reasoning behind the testing and aid in the eliminating of tests that need not take place. Merthyr Valleys Homes testing is primarily functional relating to organisational business processes not regarding scalability or portability. This elimination method of testing practices can lower the expense of testing within Social Housing when focusing on testing methods with greater impact on a smaller scale given the team resources. The purpose of the case study requirements is to eliminate waste during development and to highlight the alternate avenues now available within cloud infrastructures than can minimise time in testing and development overall.

[bookmark: _Toc104302299][bookmark: _Toc109832970]2.1 DevOps
Cloud environments generally provide pipeline operations to streamline application deployment. Whereby an application can be scoped out in terms of business requirements, development of application occurs and deployment to different testing environments. Then can be signed off and shifted between development, the user acceptance testing environment and finally to the live environment using a method called Continuous Integration. This is part of the overarching methodology of DevOps.

An example of DevOps is when a developer has stored all developed versions of the systems code in GitHub. The development lead then merges all successful versions of the code into a master copy read for deployment. The development lead primes the code for deployment into the UAT system for firstly the QA officer to test and sign off and then the organisational users to front end test and sign off as ready for the live system. The developer has no further interaction with the code and deployment as sign off from the QA Officer and Users is enough to trigger another deployment into the live system where the code starts being used. This user sign off is automated through the successful validation of the Team Foundation, or equivalent, task that upon completion loads the code into the Live system.

DevOps can be seen as under the Microsoft Azure Pipelines as the singular beneficial usage for Merthyr Valleys Homes case for plugin deployment. Dynamics CRM C# code where code is held in GitHub in the cloud, edited on-premises in Visual Studio IDE, saved in GitHub in the cloud and deployed to the three environments via the Microsoft Azure Pipeline. This would drastically reduce deployment time and the enable the in-house developers time to be allocated more efficiently in moving on the next agile story.

[bookmark: _Toc104302300][bookmark: _Toc109832971]2.2 Continuous Integration/Continuous Delivery
Merthyr Valleys Homes already has a loose type of Continuous Delivery process in place, but it is manually carried out by the developer and the QA Officer. Microsoft Dynamics offers partial solution export and import in the scope of splitting a solution into modular portions. Each solution can be split into patch solutions that holds the changes required to meet the sign off of a single Team Foundation task. The solution is already an XML file format zipped into the compressed file; the patch is a smaller XML file. This means that one the business requirements are complete on a single TFS story, the task can split the solution into patches that can be analysed during technical requirements, developed in silo, signed off in UAT as a single item and imported into the live system without affecting any other of the changes in the main solution. Within cloud DevOps this process is automated and there is no clean way of carrying out the automation within the on-premises solution. The manual intervention is required to test each patch and solution in each of the three environments. The on-premises solution lacks the Continuous Integration processes in the out of the box product to facilitate a successful integration without manual intervention.

An example of this within the current Merthyr Valley Homes development life cycle is when the current sprint requires additional tasks completed from an already existing solution. The already existing solution has already been exported from the development system, tested and signed off in the User Accepted Testing server and imported into live. As additional requirements have arrived from the users, the solution is now locked down as a parent solution and smaller modular solutions called Patches are derived from the parent solution. The Patches contain very small incremental changes that are configured in line with a team foundation task. The exported from development server, following the same process as a full solution. Then when signed off for import into the live server the patch and parent solution are merged and the parent solution with versioning applied.

[bookmark: _Toc104302301][bookmark: _Toc109832972]2.3 Component Testing
Cloud Component testing is where each part of the code is tested separately within the environment [4]. In the Merthyr Valleys Homes software development life cycle this process is utilized on-premises under the coding of the JavaScript XRM in CRM. Each JavaScript function is loaded into the development system and tested for functionality and errors.

An example of component testing is when the front-end webpage has multiple links within one html page. Each link from that page is tested for the functional usage, the access another html page within the system. Each link/button is checked for validity and signed off as functional and operating in a way that is designed to operate from the initial requirement. The initial requirement being the starting point, no Business Analyst describes the function of the web link, just that it operates in a way that navigates the user around the application. It is the role of the developer to build upon the initial requirements from a technical viewpoint. This can be applied to every component across the developed system to validate the use and implementation of the component.

[bookmark: _Toc104302302][bookmark: _Toc109832973]2.4 End to End Testing 
End to end testing (e2e) is a testing method where application front end user testing, conditional testing and tests cases are performed. Merthyr Valley Homes Unit Testing and QA process crosses over at this point where the developer is conducting end to end functionality tests and the QA officer is providing the test cases and conditions. This crossover occurs due to the resources of the current team.
[image: Image preview]
Fig 2.1 Merthyr Valleys Homes Test Case [5]

An example of end-to-end testing would be the tester taking the exact same steps a user would complete a task in the system. In terms of Merthyr Valley homes, the logging of a new repair record would involve entering the repair details into the system, this is filling the same fields in that user would then saving the record. The next step would be applying multiple work order lines to break down the repair into tasks, this involved creating multiple work order line records, filling in the form details and saving the record. In saving the work order line records, various background process is firing off, updating the main repair record, creating an integration process between two separate systems. If the process as a success the end-to-end testing is validated.

[bookmark: _Toc104302303][bookmark: _Toc109832974]2.5 Browser Testing
With the current infrastructure configuration at Merthyr Valley homes and the multiple on-premises software variations present, there are multiple web browsers utilized for the same functionality. One department requires certain configuration due to software that only runs in a particular browser version. This causes issue when attempting to run CRM on-premises loading certain versions of JavaScript, CSS, and html. Four browsers are currently used within the environment, Firefox, Edge, Chrome, and Vivaldi and each requires CRM testing with each new solution update.

An example of browser testing in terms of Merthyr Valley Homes is when a new CRM solution is deployed, each browser is used to load the select forms from the new solution to see how each browser caters for the html, CSS and JavaScript loaded into in the browser. If one browser looks different or cannot utilize the more recent html, CSS, or JavaScript capabilities it fails the test and browser upgrade is required.

[bookmark: _Toc109832975]2.6 Literature Review Summary

A summary of the literature review:
· Unit tests are still crucial to the cloud testing process but require redefining in terms of where the unit tests will still take place. A framework is required for on-premises unit testing where the system is situated in the cloud.
· DevOps is a standard requirement of the testing process so the on-premises unit testing must fit in with the cloud DevOps process.
· End To End testing is split between the on-premises development/Unit testing as well as the functional testing that occurs in the cloud.
[bookmark: _Toc109832976]3.0 Methodology

The research philosophy required for this report aligns with the Realism Research Methodology because the use of the aforementioned philosophy will provide a framework to negating any emotional decisions that could deter the correct outcome away from software analysis and against any significant business value. Positivism would not fit the requirement in this stage because it would be extremely difficult to measure the process in numerical terms when the inputs and outputs only exist in context of the users’ requirements. Interpretivism would not fit the requirements due to the personal objective nature of the results in context of thoughts and ideas. The requirements of the report rest solely on the usage of the technology implementation.
[image: Diagram
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Fig 1. The Research Onion [6] 
[bookmark: _Toc109832977]3.1 Methodological Choice 
The report requires the Mono-Quantitative methodological approach due the methods singular approach is defining outcomes [7]. The approach is based on The Mono-Quantitative methodological method is based purely on numerical and measurable method and concluding based on the patterns produced by the research [8]. This method will be used solely to collect the information regarding the software literature and real-life test usage cases.

[bookmark: _Toc109832978]3.2 Strategy 
The report requires the employment of utilizing the case study of the literature review and by doing so comparing and contrasting the use of the literature to best fit the software required to fulfil the requirement. The current documentation of the chosen software provider will glean the results in implementation of the software

[bookmark: _Toc109832979]3.3 Deliverable Time Horizon 
The project analysis and delivery are placed under the cross-sectional study where whereby the analysis is within the current period of five weeks and not across a longer period. The project encompasses the current software implementations that will be required to exist on the already existing data intensive systems that exist within the organisation of Merthyr Valleys Homes.

[bookmark: _Toc109832980]3.4 Techniques and Procedures 
The project requires that data collection and analysis will be collected from the implementation outputs and configuration files that cover all the data needs within the project. The grading of the outcome will dictate how the cloud-based usage will compare with an on-premises process and how the offering of functionality will bear with the result of the implementation. The verification of the implementation will come from the results and comparable time differences in working practices.

[bookmark: _Toc109832981]3.5 Research Approach 
The report requires the deductive research approach because the ability to align the output of code relies on the accuracy of accepted facts and premised such as an API or framework to complete the task. Deductive analysis is used to inspect current software systems to ascertain the functionality of the software and its usage [9]. Analysis will take place that deduces the best software for the requirements of the project.

[bookmark: _Toc109832982]4.0 Design Requirements
[bookmark: _Toc104302297][bookmark: _Toc109832983]4.1 Merthyr Valley Homes Development/Testing Costs
Based on a single developer wage at Merthyr Valley Homes developing a single function within a dynamic C# plugin or XRM JavaScript script, the total cost is that an hour’s development time at Merthyr Valleys Homes is £18.66 an hour. This includes the major issue that is the testing of the code, which is set to change as process due to the move to a cloud infrastructure. The requirement to work out a different way of testing for cloud infrastructure is the single requirement for the team at Merthyr Valleys Homes. Within that development window various processes occur within a two-week sprint timeframe.

The business requirements are collected by the Business Analyst and collected within the business requirements document for the developer to convert into a technical document. The business requirement documents perform the function of gathering the user requirements from Merthyr Valleys Homes departmental stakeholders is the form of user stories, the stories are expanded into business processes and the initial development framework is mapped out.

[image: Table

Description automatically generated]
Fig 3.0.4.1 Example Business Requirements Document [10]

The technical document derives all required entities, fields, and business processes from the business requirements ready for the developer to begin development. The table below highlights the technical documents requirements for the Contact entity. Firstly, a Contact entity is created, then the following fields of required type are added to the Entity object such as ContactID, ContactName and ContactSalutation. Each entity attribute has a corresponding type that is set in the web front end of CRM within a solution. On creating these fields in the front end, a table called Contact is created on the database server and the attributes previously listed are added to the table to hold data.

	Name
	Object Description
	Type
	Length

	Contact
	Entity
	Entity 
	0

	ContactID
	Field
	GUID
	36

	ContactName
	Field
	String
	50

	ContactSalutation
	Field
	Option set
	5




The initial code is written, whether complex or simple, business requirements to method and functions takes half an hour to write each time new code is written. The initial debug takes places in terms of the Visual Studio IDE build tool, which is ten seconds on a successful build and five minutes if errors occur. The five minutes consists of reviewing the errors and rectifying the issues so that another build can be run successfully. The build produces a dll that is then registered via the Microsoft Registration tool server side and uploaded into the Microsoft Dynamics CRM environment. Front end functionality testing takes place with real data source to overcome any mismatches in type data that could not have been caught during IDE development. This takes twenty minutes to achieve.

The entire on-premises process takes an hour for a single coding process whether that be written in JavaScript or in C#.

The cloud testing process going forwards is half on premise, half cloud based, this is due to the initial development must be written within an IDE for the build functionality to create the dll file. The produced DLL file must then be deployed or written to the GitHub code store. If the in-house system were purely coded in one language, there would be an easier deployment process. For example, the entire system was coded in purely ASP.net and Html with additional JavaScript then the deployment could occur at the Visual Studio level. The CRM system only works from a registration of C# plugins and importing of zipped solution files.

The initial code is written as previously described and this takes approximately half an hour to derive from a business requirement document and into correctly typed code. The initial debug takes places in Visual Studio IDE build tool, which is ten seconds on a successful build and five minutes if errors occur. Errors usually add five minutes at this debug stage and are usually down to a misaligned reference, misspelled variable, or badly formed XML markup. The build writes the changes direct into GitHub from a link in Visual Studio to the cloud-based GitHub host, once the master version is triggered and resolved by the Lead Developer and the Azure pipeline then loads the plugin change into the Microsoft Dynamics CRM environment. The developer requires minimal front-end testing. This less than fifteen minutes to achieve.

The cloud-based development cost and time enables a higher development rate in terms of producing C# plugins and XRM JavaScript’s, aside from cloud platform costings, this is beneficial to the lessening of the development time and restructuring of the deployment process.
[bookmark: _Toc109832984]5.0 Design Implementation

One of the basic requirements of a Dynamics CRM plugin is to check the current entity that is required for the plugin to run against. The requirement is that the plugin will check the current context that it is being run against the correct part of the system. This is then duplicated and extended to cover all aspects of the system. The requirement is to reduce the cost of development and testing before moving to the cloud-based system. The literature review highlighted the testing methodologies available for testing code implementations and what methodologies best fit Merthyr Valley Homes. The requirements from that now extend to testing the code in the usual unit testing processes but on-premises due to the blocker that cloud testing will add time and cost if deployed in the cloud system without the initial full system test on premise.

Current software testing method in Merthyr Valley homes consist of the two main testing methods available:

White Box Testing – by which the code, functionality, security and process flow are tested in a way that the person developing the code would use within the scope of the development only [11]. Within Merthyr Valley Homes this process is conducted by the Developer utilizing Microsoft Visual Studio IDE. The code is written by the developer in Visual Studio and tested within the IDE to extent that it can be with the current limitations.

Black Box Testing – by which the functionality of the code from the front-end user perspective takes place within the browser or client-side application window [12]. The testing is wholly to sign off that the software conducts the task that it was designed to do. In Merthyr Valleys Homes the QA Tester conducts this piece of work. The QA tester prepares test scripts and is committed to end to end testing utilizing test plans and the developer also partakes in this style of testing.

The Black and White box testing is conducted under the Agile framework conducted through Microsoft Team Foundation Server. Microsoft Team Foundation Server is a web front end project planning tool that all members of the team can access to plan the entire delivery of a project piece. Agile works best in this planning tool as there is flexibility to plan a piece development in a modular sense, allocate time to that development and finally deploy the development to the three on-premises systems Dev (Development), UAT(User Acceptance Testing) and LIVE(CRM Live System). A set amount of work is planned over two weeks sprints where requirements are gathered, a business requirement document is written, and development is carried out [13]. At the end of the two-week sprints small patches of Microsoft Dynamics CRM Solutions are exported from the development environment, user acceptance testing is conducted in a second environment and finally once sign off has occurred is deployed to the Live system for all users to use.

[bookmark: _Toc104302305][bookmark: _Toc109832985]5.1 CRM CRUD Functionality
Microsoft Dynamics CRM relies on multiple functionalities for programming the business processes required within the system to perform calculations as well as data transfer within the system:

1. Business Rules – a graphical user interface rule builder, a wrapper to Microsoft’s version of JavaScript, XRM, that can manipulate data via CRUD operations, hide fields and add notifications to the fields in the Document Object Model(DOM). 

[image: Field referenced in business rule exists in entity.]
Fig 2.2.0 – CRM Business Rule Configuration Page [14]

2. Workflows – perform CRUD data operations as background system jobs that can update in real time as well as run in concurrent mode. The workflow is attached to an entity to operate on and have full access to relational data sources linked to aforementioned entity.

[image: General tab in a workflow.]
Fig 2.2.1 – CRM Workflow Configuration [15]

3. JavaScript – Microsoft’s own version of JavaScript called XRM provides all the functionality that is present within the JavaScript language. As displayed in Fig 2.2.2 Xrm.Page precedes any functional code that accesses the html pages to perform operations on.

[image: Text

Description automatically generated]
Fig 2.2.2 – Microsoft XRM Code Snippet [16]
4. Plugins – perform full CRUD operations utilizing the C# language in the form of plugins. A Microsoft Dynamics plugin follows the Adapter software design pattern by implementing the Iplugin interface that effectively plugs the developers code into the CRM ecosystem. 

[image: Graphical user interface, text, application, email
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Fig 2.2.3 – Example CRM C# Plugin Code [17]

[bookmark: _Toc104302306][bookmark: _Toc109832986]5.2 On-Premises Current Testing Methods
As described in 2.2.0, the development capabilities are advantageous with multiple development abilities being able to perform CRUD operations. From low code options to full coding functionality, the only limitation is the ability to evaluate each of these methods within the CRM ecosystem. The limitation being a data testing aspect where the code is testing to its limits without data testing.

Business Rules – errors are displayed within the GUI development area or the rule simple fails to run. This is developed directly into the system without need of Visual Studio’s IDE or any external editor.

Workflows – error are displayed within the GUI development area, or the workflow fails in the system job site area and a lengthy error message is displayed in the workflow itself. The error message requires analysis to break down the root cause of the issue. As above this is explicitly implemented within the CRM environment front end.

Business Rules and Workflows can error silently without affecting the day-to-day usage by a system user. It would just be case that business processes perhaps performing a calculation or migrating data around the system is missed.

JavaScript – is typed within a GUI in the system and can be surrounded in try/catch statements that can display errors on screen or within the internet browsers development tools console screen. Limitations in testing occur at this point also where the functional testing cannot run due to the need to deploy the XRM code to the development system.

Dynamics Plugins – are limited by the external need to develop, import into CRM and then test in the CRM system live.

The current on-premises methods for Microsoft Dynamics CRM plugins include developing code within Visual Studio IDE:
using System.
using System.ServiceModel;
using Microsoft.Xrm.Sdk;
using Microsoft.Xrm.Sdk.Client;
using Microsoft.Xrm.Sdk.Query;
namespace MVH_PlugInAssembly
{
    ///<summary>
    ///Plugin to Check Expiry Date Of The PTV
    ///</summary>
    
    public class Handler_CheckExpiryPTV : IPlugin
     {
         #region Class Level Members
         ///<summary>Create context object assign service</summary>
         private IPluginExecutionContext context;
         ///<summary>Create service object assign organisation service factory</summary>
         private IOrganizationService service;
         #endregion Class Level Members
        public void Execute(IServiceProvider serviceprovider)
        {
                ///<value>Create context object assign service</value>
                context = (IPluginExecutionContext)serviceprovider.GetService(typeof(IPluginExecutionContext));
                ///Create service object assign organisation service factory
                service = ((IOrganizationServiceFactory)serviceprovider.GetService(typeof(IOrganizationServiceFactory))).CreateOrganizationService(context.UserId);
                     ///Create fetchxml query, where ptv is expired return results
                     string fetch2 = @"
                            <fetch mapping='logical'>
                            <entity name='mvh_ptv'>
                            <attribute name='mvh_ptvid'/>
                            <attribute name='mvh_name'/>
                            <attribute name='createdon'/>
                            <attribute name='mvh_expirydate'/>
                            <attribute name='mvh_expired'/>
                            <order descending='false' attribute='mvh_name'/>
                            <filter type='and'>
                            <condition attribute='mvh_expired' value='0' operator='ne'/>
                            </filter>
                            </entity>
                            </fetch>";
//Contact results from fetchxml in Entitycollection object
                EntityCollection result = service.RetrieveMultiple(new FetchExpression(fetch2));
                throw new InvalidPluginExecutionException(result.Entities.Count.ToString());
                //Iterate through Entity Collection Results
                foreach (var c in result.Entities)
                {
                    //Create Datetime object based on todays date
                    DateTime today = DateTime.Now;
                    //Check Entity Collection Result contains attribute
                    if (c.Attributes.Contains("mvh_expirydate"))
                    {
                        //Create Datetime object and populate with attribute
                        DateTime expired = Convert.ToDateTime(c.Attributes["mvh_expirydate"].ToString());
                        throw new InvalidPluginExecutionException("expired: " + expired.ToString() + " today: " + today.ToString());
                        //Compare two date objects
                        if (today > expired)
                        {
                            //throw new InvalidPluginExecutionException("In Loop: " + c.Attributes["mvh_expired"].ToString());
                            //Create XRM Helper object and utilize the result format conversions to update/retrieve/delete
                            XRMHelper mvh_ptv = new XRMHelper(service, "mvh_ptv");
                            mvh_ptv.AddBoolean("mvh_expired", true);
                            mvh_ptv.Update(c.Attributes["mvh_ptvid"].ToString());
                            throw new InvalidPluginExecutionException(shortlistedoccupants.Message);
                        }
                    }
                }
            }
        }
    }

The previous code snippet highlights the use of ‘Throw’ and where an InvalidPluginExecutionException is presented to screen for the developer to view the place and state of the plugin execution in the CRM environment. The Throw function allows the developer to present to screen in the front end of CRM an alert window with the message of the error in its content. This functionality is the single mode of presenting coding errors when functional testing. There is one other route which is to activate the plugin error process that captures errors in an entity and presents then in a section of the front end system. The issue with this function is that the plugin error entity captures all plugin errors across the system. His makes it difficult to pick apart what plugin created what error. Also utilizing a Throw method has a higher configuration opportunities. The developer can choose what message to present to screen and how much detail.

[image: A screenshot of a computer
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Fig 2.3.1 – Microsoft CRM Throw Example [18]

Fig 2.3.1 highlights the richness of what errors can be predefined within a Throw function. Message, Results and Schema granting the ability to greater data access regarding the issue during testing.

Static Testing methods within Visual Studio IDE covering any basic errors within the code itself during the initial build compile stage. The security and risk factors within the code such as the public visibility of the methods and what internal data is being exposed in class variables. DRY software development principles where performance may be hindered by repetitive methods or mis managed global variables. 

DRY stand for Don’t Repeat Yourself and is a software development principle whereby reusing methods and functions aids in the overall performance of the application. Merthyr Valley Homes development standards include a policy of designing functions and methods so they can be reused in multiple scripts and plugins.

Upload .dll compiled code package into CRM Development system via the Microsoft CRM Plugin Registration Tool. The tool imports the compiled package directly into the CRM system. The Microsoft Plugin Registration tool allows access to the entire systems list of used plugins. Each plugin is configured at this point to trigger from an event on save or the change in a webforms field data, additionally the creation of a new entity records in CRM triggers plugins functionality.


[image: View existing plug-ins an custom workflow activities.]
Fig 2.3.2 – Microsoft CRM Plugin Registration tool [17]
Functionality testing in CRM front end using the business requirement process documents to catch any errors in functionality of code. This can be achieved by try catch statements in code or plugin errors displayed on screen during functional testing. It is only at this juncture that data connections are assessed for validity. Within the Visual Studio IDE there are little options for testing data connections as there is a requirement for access to:

Plugin Context – this is the place in the CRM system that the plugin is going to be triggered from, who by and the security access of the user. Each user has access to plugin functionality but limited only by the CRM roles and privileges assigned to the user by an administrator. A plugin that performs CRUD operations on the Contact entity within CRM requires complete access to the Contact entity members. The plugin would have to be registered via the plugin registration tool to act on a message from the Contact entity. Messages include Update, Create and a slew of other messages tailored for the CRM system that a plugin can react to. The plugin is registered on the Contact entity, to operate on the contact entity and any other entities that have a data relation to the Contact entity [19].
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Fig 2.3.1 Updating contact email via C# plugin [20]

IOrganisationService – the service provides access to the data connections within the CRM system [21]. This allows the C# plugin to perform all CRUD operations against the SQL backend database. Fig 2.3.2 shows the initialized organization service object encapsulating a Contact entity object that is updated and saved back into the CRM backend database. The entire code process takes place within a CRM C# Plugin.
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Fig 2.3.2 Updating contact details via Organization Service [20]

Fig.2.3.3 shows the plugin error messages that cannot be viewed within the IDE currently. This business process error shows always shows extraordinarily little error information and as written “The given key was not present in the dictionary” is due to a field being worked on with a null value, where the C# plugin functions are expecting a value. This then means regression testing and further debugging, rewriting plugin code, re-registering plugins to test in the CRM environment. This does not mean that is a simple fix, the developer may need to go through multiple fields testing for null values.
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Fig.2.3.3 Current Plugin Error Message Example [22]
[bookmark: _Toc104302310][bookmark: _Toc109832987]5.3 Implementation FAKEXRMEASY – Proposed Cloud Testing Method
In reference to 2.2.0 point 4 with regards to Microsoft Dynamics CRM Plugins and their existence and development outside of the CRM system. Each of the other CRUD functions can be created within CRM system and it is unlikely any developer would require their export and development outside of the system itself. 

Dynamics C# Plugins editing takes place within the Microsoft Visual Studio IDE or alternatively Microsoft Visual Studio Code. The latter editor would enable development in a simple coding sense with limitations. Visual Studio IDE permits a range of additional benefits such as:

Intellisense – code completion aid that provides function member options as the developer types into the IDE.
Building – the IDE compiles the code and the project dependencies into binary readable files that are debuggable dll formats for error checking and programmatically attempting to run the program under real world conditions.

Debugging – the means by which, after build compilation, all developed code is checked for errors. This does not check for functional or process errors as these are discovered during the testing of the code live in the development system.

FakeXRMEasy is a Mocking Framework for testing Microsoft Dynamics Plugins in C# [23]. It is designed to work on pre-cloud based on-premises CRM system but as the current CRM 2016 system is codenamed Microsoft Dynamics 365 On-premises it is equal to the Microsoft Dynamics 365 version of CRM. 

Microsoft Dynamics C# plugins permit access to the entire C# function library

The plugin structure derives from an interface called Iplugin as referred to in 2.3 and as a limitation when testing as there is no connection to the host system. The connection to the CRM system is provided by the IOrganization service also referred to in 2.3 and as a limitation when testing. Without the IOrganization connection to any of the CRM systems there is little chance of successfully running the code to connect to the database back end. 

FakeXRMEasy solves this problem by providing a fake Iplugin interface and IOrganization service to communicate to. The idea of faking in the Microsoft world derives from the need to test code in a program that requires database access, and this means that the code needs to be executed within a live program to achieve data results. The developer can reference and make connections to any database within scope but would struggle from a code angle to view the data behind the connections. Only within functional testing does the data present itself for view.

There are multiple mocking/faking frameworks for Microsoft .Net such as Moq [24] and Nsubstitute [25] but neither are tailored for Microsoft Dynamics and primarily relate to console and web-based applications. Moq is a framework for the testing of anonymous types and general testing mock ups but does not contain the require Iplugin features that would mock communication links with a CRM environment. Nsubstitute follows the same framework design as Moq, suited more to the standard .Net framework testing rather than the niche requirements of the CRM SDK.


[bookmark: _Toc104302312][bookmark: _Toc109832988]5.4 On-Premises JavaScript unit testing methods

The on-premises JavaScript unit testing methods are executed in the same manner as the Dynamics CRM C# plugins, minus the need to register the code in the development environment in the same way. Microsoft has created its own form of JavaScript called XRM [26]. XRM is a wrapper language that utilizes the basic JavaScript capabilities and extends them to function in the Microsoft Dynamics environments. XRM can utilize ASP.net controls with ease and interact with them based on their own miniature APIs within CRM. A Grid view can be configured to hold basic entity data like in a report but with XRM extending that already existing functionality, the query of the Grid view can be updated based on the user viewing the form.

XRM – Xrm.Page.getAttribute(“contactid”).getValue();
JS - var element = document.getElementById(id);

The previous example highlights the difference and similarity between XRM and JavaScript. XRM is used to examine and manipulate the same form elements and controls as JavaScript can but with an extended and beneficial functionality.

function setContactNumber() {
    var personNa = Xrm.Page.getAttribute("mvh_personlookup").getValue();
    if (personNa != null) {
        var person = personNa[0].name;
        var perId = personNa[0].id.replace("{", "").replace("}", "");
        var req = new XMLHttpRequest();
        req.open("GET", Xrm.Page.context.getClientUrl() + "/api/data/v8.2/contacts(" + perId + ")?$select=fax", true);
        req.setRequestHeader("OData-MaxVersion", "4.0");
        req.setRequestHeader("OData-Version", "4.0");
        req.setRequestHeader("Accept", "application/json");
        req.setRequestHeader("Content-Type", "application/json; charset=utf-8");
        req.setRequestHeader("Prefer", "odata.include-annotations=\"*\"");
        req.onreadystatechange = function () {
            if (this.readyState === 4) {
                req.onreadystatechange = null;
                if (this.status === 200) {
                    var result = JSON.parse(this.response);
                    var fax = result["fax"];
                    Xrm.Page.getAttribute("mvh_contactnumber").setValue(fax);
                    saverec();
                } else {
                    console.log(this.statusText);
    alert(this.statusText);
                }
            }
        };
        req.send();
    }
}

The previous code snippet shows XRM at work within a JavaScript function.

Retrieve value of control from webpage -  var personNa = Xrm.Page.getAttribute("mvh_personlookup").getValue();

Extract further information from struct object - var person = personNa[0].name;
Replace brackets with null value - var perId = personNa[0].id.replace("{", "").replace("}", "");
Create http API rest request object - var req = new XMLHttpRequest();
Post query to the server and populate object with requested result data -  req.open("GET", Xrm.Page.context.getClientUrl() + "/api/data/v8.2/contacts(" + perId + ")?$select=fax", true);
        req.setRequestHeader("OData-MaxVersion", "4.0");
        req.setRequestHeader("OData-Version", "4.0");
        req.setRequestHeader("Accept", "application/json");
        req.setRequestHeader("Content-Type", "application/json; charset=utf-8");
        req.setRequestHeader("Prefer", "odata.include-annotations=\"*\"");
        req.onreadystatechange = function () {
Populate result with JSON structured data - var result = JSON.parse(this.response);
Create local object and populate with single data member - var fax = result["fax"];
Take local variable and apply it to a control on the page - Xrm.Page.getAttribute("mvh_contactnumber").setValue(fax);
If there are any issues with the previous data request write the error results to the browser console and present an alert to the user or developer on screen  - console.log(this.statusText);
    alert(this.statusText);

The XRM function previously mapped out highlights the issues with end-to-end testing within the IDE and the limitations of such code. The developer understands that the elements data from the screen is applied to JavaScript variables, that a request is made to the server based on the variable struct contents and finally that the data is returned from the server and presented to the user. This process is all theoretic in this sense, as long as the SDK and API requests are adhered to, the entire request should run as expected. The developer is unaware of the data returned, that the request was successful or the function as a whole works outside of the IDE. In Merthyr Valley Homes case, Visual Studio is used to write and debug code.

The code is debugged within the IDE for the basic Static Code analysis, where the syntax and semantics of the JavaScript is checked for validity. The check the functionality of the functions and the expected data returned code the script must be saved within a Dynamics CRM solution and the customary JavaScript execution triggers are applied. The triggers are either at the form onload stage or at the event on change of the field itself. Client-side data is altered and the above code snippet fires and carries out its function to populate another field.

Testing the code snippet is limited as previously described but the process follows roughly the same path at the Dynamics C# registration process.
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Fig 2.3.4.1 – Microsoft CRM Solution [27]

A Microsoft Dynamics Solution is a zipped xml-based file type that holds all the configurations and changes that are required at that point in time. A solution may hold option set changes or new field creations but never any system data. A solution enables an easy migration of developed changes between systems. This zipped xml file can be transported between systems and uploaded to change the host system with required business developments. Inside the solution is where the XRM JavaScript script is added and uploaded.
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Fig 2.2.4.2 – Microsoft CRM JavaScript upload [28]

 The XRM JavaScript is applied to the solution as displayed in fig 2.4.4.2 shows the upload process and the text editor required to add, edit, and apply the XRM JavaScript scripts to the designated system. This is also an area where the developer could feasibly create and edit the XRM JavaScript within the system, but the debugging capabilities and static code analysis could not occur.
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Fig 2.2.4.3 – Microsoft CRM Add and Edit XRM [29]

Fig 2.2.4.3 highlights the editing capabilities already in place within the Microsoft Dynamics eco system. This removes all the benefits of using the Visual Studio IDE and is not recommended as a development practice when using CRM.
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Fig 2.2.4.4 – Microsoft CRM Change Field and Trigger JavaScript XRM Event [30]

Fig 2.2.4.4 is the front end of Microsoft Dynamics CRM and any fields, take Tenancy Status into account, which have the XRM event trigger allocated to them can trigger the function code snippet previously mentioned. Changing a Tenancy Status in CRM from Former to Current triggers off the XRM function that allocates a phone number from the Tenant 1 entity and allocates the number to a field in the tenancy entity. All conducted by the XRM function that requests data from one entity and inserts it into another.
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Fig 2.2.4.5 – XRM Alert Testing [31]

Testing this process was successful outside of the IDE is conducted by add various Console.Writeline or Alert commands. If an error is triggered within the XRM code, it is caught in the Console or Alert command and presented to screen for the developer to handle manually. This is the limitation in the JavaScript XRM functions, the entire testing takes place in the front end of the system. The benefit of this is the access to the back-end data and how the success of the code can be signed off in the manner that bringing the correct data to screen is the desired function of the code.

Any type or syntax errors cannot be viewed until the script has reached the CRM eco system, these types of errors cannot be viewed inside of Visual Studio IDE.


6.0 [bookmark: _Toc109832989]Development
[bookmark: _Toc104302311][bookmark: _Toc109832990]6.1 FAKEXRMEASY Unit Testing
The FAKEXRMEASY [23] framework requires that the development is undertaken in Microsoft Visual Studio, this is to take advantage of the unit testing functionality Xunit [32]. 
Xunit is a free opensource software testing tool for the .Net framework that allows the developer to test each code function individually before deploying to the larger software application. Xunit permits the loading of entire Dynamics CRM plugins into the framework and present them all functional within an entire system.
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Fig 2.2.3 – xUnit in Visual Studio [33]

Xunit functionality allows testing of each method written in each of the developer’s plugins. In Xunit a plugin in loaded into a method as a point of testing. The xUnit fact method hosts the organisation faked context and the plugin refers to the faked context acting as the larger system. The FAKEXRMEASY references are installed into the project via Visual Studio NuGet. Once installed the project contains two-part, A class library in C# plugin to be written and debugged, Xunit module containing the code from the class library to be tested. The class library is the plugin code to be tested then deployed in the live CRM environments. The Xunit module contains a reference to the class library to utilize in the testing. Both project parts have the Microsoft.CRMSDK.Coreassemblies references installed [34]. Xunit references installed via Nuget [35].

using System;
using Microsoft.VisualStudio.TestTools.UnitTesting;
using FakeItEasy;
using FakeXrmEasy;
using Xunit;
using Microsoft.Xrm.Sdk;
using Microsoft.Crm.Sdk;
namespace fakexrmeasyUnitTest
{	
	public class fakexrmeasyv1Test : IPlugin
	{
		[Fact]
		public void fakexrmeasyTest()
		{
			var fakedCon = new XrmFakedContext();

			var guid1 = Guid.NewGuid();
			var target = new Entity("account") { Id = guid1 };

var fakedPlu = fakedCon.ExecutePluginWithTarget<AccountNumberPlugin>(target);

			//Assert that the target contains a new attribute
			Assert.True(target.Attributes.ContainsKey("accountnumber"));
		}
	}
}

The above code is FAKEXRMEasy functioning on the CRM out of the box database tables. Dynamics CRM contains a table called Account, this table holds details for any type of organisational company or physical business in a real-world context. The [Fact] annotation above the main method drives the method to always produce a true result [36]. If the test came out as false, the test would fail the validation of the plugin loaded and that Xunit result would require further development.

Explaining the above code, the class of the xUnit test implements the Iplugin interface available in the SDK and within Dynamics CRM. Fakedcontext is initialized as the XRMFakedContext, this enabled the method to treat the fake object reference as existing within Dynamics CRM. All Dynamic CRM plugins require the Iplugin interface to connect easily to the CRM Environment. The design of the plugin is based on the Decorator Design Pattern, which permits the main classes are not affected by the addition of further classes that implement functionality utilizing the same interfaces as the main class [37]. An example of this in Merthyr Valley Homes Microsoft Dynamics CRM is when the out of the box system shares a connection to the back-end data. The back-end data can be edited by any plugin or XRM function. The system is built from a client that is deployed to one server and a database installed on a second server. The environment has built is functionality that is required to run regardless of if any interference, for example the system jobs. Any plugin the developer designs utilizes the same interface that the system jobs plugin utilizes. The developer’s plugin will derive from that Iplugin interface the means to communicate with the system and write back to the SQL database. The Iplugin interface does not permits the cross pollination of code, so the IPlugin code for writing to a custom entity will never be able to change the interface that may affect the system jobs plugin. The plugins are just what they are called, they plug into the main environment and implement the interface offered by the environment to partake in the use of the system under rules and constraints if communication between the system.

Guid1 is initialized as a new random Guid, the GUID system is prevalent in CRM as its means of identifying individual records. GUID stands for Globally Unique Identifier and is a 128-bit unique reference number for example xxxxxxxx-xxxx-Mxxx-Nxxx-xxxxxxxxxxx where M represents the version, and the N represents the variation of the reference. Target is initialized as the entity Account and the id of the faked account entity is where Guid1 is applied. The Account entity [38] reference is used due to the fact that all Microsoft Dynamics CRM out of the box environments have this entity.

The Account entity is used in CRM to encapsulate organisational data within a system. For example the Account entity contains data attributes such as CreditLimit, CreditOnHold, CustomerSizeCode, CustomerTypeCode, DefaultPriceLevelId, Description, DoNotBulkEMail, DoNotBulkPostalMail, DoNotEMail, DoNotFax, DoNotPhone and DoNotPostalMail. Attributes are editable and contain an ID reference of type GUID. The GUID is a data attribute that is passed around the system and applied to any entity requiring a link back to another entity. For example, the Account entity has a one-to-many link to the address entity. The address entity can contain multiple addresses for the account. So, one account, one organisation may have multiple addresses that require access to. The account entity GUID identifier is written to each address entity record and that link is displayed back in the account entity as a grid view. This link provides access to the addresses of the account with ease.

Fakedplugin is where the Fakedcontext object executes the plugin and tests if the account object can be initialized. Asserting the validity of the Account entity by checking the accountnumber entity member contains a valid Guid identification number. 

using System;

// Microsoft Dynamics CRM namespace(s)
using Microsoft.Xrm.Sdk;

namespace Microsoft.Crm.Sdk.Samples
{
	public class AccountNumberPlugin: IPlugin
	{
	
        public void Execute(IServiceProvider serviceProvider)
		{
            
            Microsoft.Xrm.Sdk.IPluginExecutionContext context = (Microsoft.Xrm.Sdk.IPluginExecutionContext)
                serviceProvider.GetService(typeof(Microsoft.Xrm.Sdk.IPluginExecutionContext));

            
			if (context.InputParameters.Contains("Target") &&
				context.InputParameters["Target"] is Entity)
            {
                
				Entity entity = (Entity)context.InputParameters["Target"];
                
                if (entity.LogicalName == "account") 
                {
                    //Check account number does not exist
					if (entity.Attributes.Contains("accountnumber") == false)
					{
                        //Create a new account number and add random number
						Random rndgen = new Random();
                        entity.Attributes.Add("accountnumber", rndgen.Next().ToString());
					}
					else 
					{
						//Throw error
                        throw new InvalidPluginExecutionException("The account number can only be set by the system.");
					}					
				}
			}
		}
	}
}
Fig 6.0.1.1 – Account Number Plugin

Fig 6.0.1.1 Account Numbers Plugin is to create a new random account reference number for the entity. The plugin checks that the Account entity is the current context target for the plugin, so is the plugin executing at the correct place in the system. The plugin then randomly creates a new reference number and applies that new reference to the Account entity. In terms of the FakedXRMEasy plugin, this reference tests that the function of the account number plugin can be validated and is functional.

The developer is creating the faked data, GUID, which is then passed to the Fakedcontext that hosts a reference to the actual Dynamics CRM plugin. Once the test is complete a result of pass or fail is applied. This process bypasses the need to register the plugin to the live system and perform a multitude of end-to-end types of tests in a live environment.

[bookmark: _Toc104302313][bookmark: _Toc109832991]6.2 XRMPage-Mock Unit Testing – Proposed Cloud Testing Methods

XRMPage-Mock is a mocking framework for the XRM JavaScript language. XRMPage-Mock conducts the task of faking entities within Microsoft Dynamics CRM and allowing a fake connection within the Visual Studio IDE.

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <title>Merthyr Valley Homes XRM Test</title>
    <link href="Qunit/qunit-git.css" rel="stylesheet" />
    <script src="Qunit/qunit.js"></script>
    <script type="text/JavaScript">
        function getName(f) {
            var f = f.toString();
            var ChkNme = /^function\s+([\w\$]+)\s*\(/.exec(f);
            if (ChkNme != null && ChkNme.length > 1)
                return ChkNme[1];
            else
                return null;
        }

        function getEntity(abc) { return abc; };
        QUnit.test("Helper: getName", function (assert) {
            var name = getName(getEntity);
            assert.equal(name, "getEntity", "Passed!");
        });
        QUnit.test("Helper: getName null", function (assert) {
            var name = getName(function (TestFunc) { return "Contact"; });
            assert.equal(name, null, "Correct!");
        });
    </script>
</head>
<body>
    <div>
        <a href="XrmPage/XrmPageTest.html">XrmPageTest</a>
    </div>
    <br />
    <div id="qunit"></div>
    <div id="qunit-fixture"></div>
</body>
</html>
Fig 6.2.1 Example XRMPage-Mock code [39]

Fig 6.2.1 performs an extremely example of checking the name of the Dynamics CRM entity against what it is expecting to be called. This is an example of testing the correct XRM JavaScript code is being run against the entity it is designed to perform data manipulation to. A more complex example would be to load another JavaScript with the entire Contact scheme content written into it and this can be tested against like you would against an entity in CRM. So, the JavaScript file becomes referenced against the Qunit code and treated as though communication exists between code and back-end database.

[bookmark: _Toc109832992]7.0 Results & Discussions
[bookmark: _Toc104302315][bookmark: _Toc109832993]7.1 FAKEXRMEASY Results
In 6.0.1 the code tests that a new record can be created with a unique GUID reference number and this plugin code is then tested within the FAKEXRMEasy framework. The expected result is that the account entity that resides in CRM Live system can be referred to and successfully applied a new account referenced number. 

As described in 6.0.1 
The test of the framework was to reference already existing entity references within the live system of Microsoft Dynamics CRM mocking the test that would take place within Microsoft Dynamics 365 upon a cloud platform but within an on-premises infrastructure. The kind of scenarios this fixes:
· Testing C# Plugin functionality on-premises before have to deploy to the cloud and risk the failure of the code in the centre of a DevOps process.
· Highlighting issues with service referencing entities that may be misspelled, mis referenced or not exist at all. 
· Catching issues early rather than testing within the cloud dev environments

The framework does not cause any other parts of the system to fail as the C# used within the development is copied into the framework project rather than merge directly with the main project.
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Fig – 3.0 FAKEXRMEasy test results [40]
As displayed in fig 3.0 the Fakedcontext allowed the developed plugin to be loaded into the Xunit fact method and run as if being run within a live system. This strips away the time taken to debug, build, compile, export, import and register via the Microsoft dynamics Registration tool and test code functionality within the CRM organisation. The on-premises test replicating cloud functionality can assure validation before deploying code to Dynamics CRM 365. The pre-requisite for using this process is the visual studio IDE, referencing FAKEXRMEasy and the additional Unit testing project from Microsoft.

[bookmark: _Toc104302316][bookmark: _Toc109832994]7.2 XRMPage-Mock Results
In 6.2 the JavaScript Qunit tests that the XRM JavaScript applied to it can be tested for functionality without data back-end connections. Loading any code into the framework allows the developer a way of testing XRM functionality such as submit mode, visibility or fields required. These functions perform a test of the functionality of XRM making sure that the written code can function within the live system

The test of the framework was to reference to already existing functionality within the live system of Microsoft Dynamics CRM mocking the test that would take place prior to the cloud platform but within an on-premises infrastructure. The kind of scenarios this fixes:
· Testing XRM JavaScript functionality on-premises before have to deploy to the cloud and risk the failure of the code in the centre of a DevOps process.
· Highlighting issues with code referencing entities that may be misspelled, mis referenced or not exist at all. 
· Catching issues early rather than testing within the cloud dev environments

The framework does not cause any other parts of the system to fail as the JavaScript used within the development does not update or install any new functionality to data editing.
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Fig 3.0.2.1 XRMPage-Mock results screen [41]

Fig 3.0.2.1 presents the test output from the XRMPage-Mock test website, along with the replication of any Dynamics CRM 365 entities, custom or out of the box, presents the unit testing of functions on any entities. The function testing of JavaScript functions can now undertake a higher level of validation pre-deployment to the cloud by mapping out any issues in on-premises testing. The only prerequisite is that the developer must be able to host this result html file locally and that all the entities in Dynamics CRM as they currently stand exist within multiple JavaScript files as reference for Qunit.

[bookmark: _Toc104302317][bookmark: _Toc109832995]7.3 Overall Results Comparison

	
	Microsoft Dynamics On Premise
	Microsoft Dynamics 365

	

	Time
	JavaScript/C# Plugin Development/Testing time: 30 minutes

	JavaScript/C# Plugin Development/Testing time: 30 minutes

	Cost Of Time
	JavaScript/C# Plugin Development/Testing: £18.66 an hour. 
	JavaScript/C# Plugin Development/Testing: £12.75 every 40 minutes approximately.

	Procedure
	Debug time: 5 minutes
Deployment Time: 5 minutes five Testing Time: 20 Minutes
Total: 60 minutes
	Debug time: 1 minutes
Deployment Time: 0 seconds
Testing Time: 10 Minutes
Total: 41minutes

	Benefits
	Average working day: 7.5 hours
Plugins/Scripts developed: 7
	Average working day: 7.5 hours
Plugins/Scripts developed: 10



[bookmark: _Toc104302318][bookmark: _Toc109832996]7.4 Limitations

The limitations of both the XRMFakeEasy and the XRMPage-Mock frameworks is the direct access to data. The developer could prepare dummy data and for XRMFakeEasy create a class library and feeds backs dummy data from C# struct data structures. Or in the case of XRMPage-Mock create a JS that holds arrays of dummy data in reference to any entity. The rate of which the developer would need to duplicate not only the recent changes from business requirements to the development system would be exponential. For every new change, the developer must update not only the development environments but all the test environments as well to reflect the testing for the CRM environments. It is hard to calculate the amount of dummy data required for each entity and new additions as well as the time taken to create this dummy data for each of the test frameworks. The only answer to this to keep the time saving opportunities within scope is to use the test frameworks as shells that assure that all functions and business process can correctly and validly communicate with a faked, but real, dynamics CRM environment entity but cannot test the data against the functions unless the plugins and XRM JavaScript are deployed to the development system beforehand. This is not too much of a limitation and the frameworks still provide time saving across the development life cycle. The expected data return is the trade-off that still must exist within end-to-end testing in the cloud system.

[bookmark: _Toc109832997]8.0 Conclusions and Recommendations

Following the case study on XRMPage-Mock and FAKEXRMEasy there are technical advancements in the on-premises testing prior to the inability to obtain full testing control in a cloud environment. The cloud environment certainly has major advantages in terms of being to host code offsite and to have multiple developers working on the same code. This leads to faster development times and with the advent of the Covid 19 pandemic the need to work in silo and remotely now more than ever is a plus in terms of cloud hosting code solutions. The additional benefit to testing with the two frameworks provides the developer a way of faking the Dynamics CRM 365 cloud structure on-premises and through this brings down the time of testing in a live environment. Where the time is deducted from the overall development time, without the on-premises frameworks the time would still exist from the configuration, deployment and unit testing in the cloud that would have taken place. In faking the connections and the Dynamics CRM 365 backend overall onsite there is a large amount of testing that can be conducted prior to deployment and testing in the cloud.

The future work will involve managing the code editing of the multiple developers working on the same code at various times. This will be managed in GitHub or equivalent but offers a new problem to resolve. Each developer unit testing and end to end testing separate code deployed via GitHub. Each developer must have the testing methods standardized in a way that assures all development in on an even platform before and after deployment. 
Another aspect of future work is the Azure Pipeline configuration between three separate systems. The analysis of whether part of the development system should remain on-premises is a budgetary question and whether thin clients can be implemented to host external development. Another aspect of future work is the reporting function of the data within the cloud, should the organisation be mirroring that data on-premises for, again budgetary constraints and easier access to large data sets.

[bookmark: _Toc109832998]9.0 Reflection

The importance of Coding standards when conducting code writing is an important aspect of development. During the testing of the multiple frameworks a Junior Developer was required to annotate, check, and finish off any remaining code from the testing project. As some coding practices were either new or not included in the SDK(Software Development Kit) there were standards that were not met in the initial developers’ standards that could be picked up easily. From this rose the need for coding standards across the team that were then a requirement of development sign off.

The use of Frameworks such as XRMPage-Mock and FAKEXRMEasy highlight the ability to fill gaps in knowledge as well as functional processes and take time from the overall development processes. This also poses further avenues of research where other parts of the CRM development, User testing and CRM third party app store could contain time saving, beneficial software that facilitates a smoother sprint transition.

The already known and standard requirement of Testing within a development team now has a new avenue of analysis. The further analysis work and research now opens up to what can be achieved with testing prior to coding as well as deploying to any system. Are there testing practices that would be more beneficial to the small, resourced team within Merthyr Valley Homes that could save time and money in the development life cycle.

The need to be at the cutting of Technological advancements within software is only apparent from the testing frameworks and other application frameworks that could be utilized at low cost but at high beneficial value to the team at Merthyr Valley Homes.

The way to have improved the overall process of the project implementation was to treat development in a more modular fashion than previously used. What I mean by this is the use of third-party libraries and frameworks certainly speeded up the process over writing every line of code out myself.

References

[1] 	Microsoft, “What is Dynamics 365? Microsoft,” Microsoft , 2022. [Online]. Available: https://dynamics.microsoft.com/en-gb/what-is-dynamics365/. [Accessed 04 04 2022].
[2] 	K. Cole, “Cloud Technology Research For A Social Housing Organisation,” Swansea University, Swansea, 2021.
[3] 	E. Y. Galimova, “Discussion of cloud CAD software testing approach,” IOP Publishing, 2020.
[4] 	SOFTWARETESTINGHELP, “What Is Component Testing Or Module Testing (Learn With Examples),” SOFTWARETESTINGHELP, 03 03 2022. [Online]. Available: https://www.softwaretestinghelp.com/what-is-component-testing-or-module-testing/. [Accessed 20 03 2022].
[5] 	R. Tyrrill, “Merthyr Valley Homes Test Case,” Merthyr Tydfil, 2022.
[6] 	Business Research Methodology, “Research Philosophy,” Business Research Methodology, 2021. [Online]. Available: http://research-methodology.net/research-philosophy. [Accessed 27 05 2022].
[7] 	P. J. Rees, “An Introduction To Research,” Swansea Trinity College, Swansea, 2021.
[8] 	V. Sheppard, “Research methods for social sciences: an introduction,” bccampus, [Online]. Available: https://pressbooks.bccampus.ca/jibcresearchmethods/chapter/3-5-quantitative-quantitative-mixed-methods-research-approaches/. [Accessed 09 11 2021].
[9] 	Merrian-webster, incorporated, “deduction vs induction vs abduction,” Merrian-webster, incorporated, 2021. [Online]. Available: https://www.merriam-webster.com/words-at-play/deduction-vs-induction-vs-abduction. [Accessed 27 05 2022].
[10] 	R. Tyrrill, “Example Of Business Requirements Documents,” MVH, Merthyr Tydfil, 2022.
[11] 	T. Hamilton, “What is WHITE Box Testing? Techniques, Example & Types,” Guru99, 19 02 2022. [Online]. Available: https://www.guru99.com/white-box-testing.html. [Accessed 13 03 2022].
[12] 	Imperva, “What is Black Box Testing,” Imperva, 2021. [Online]. Available: https://www.imperva.com/learn/application-security/black-box-testing/. [Accessed 13 03 2022].
[13] 	M. Dacey, “BSC Overview Methodologies,” Trinity College, Swansea, 2019.
[14] 	Microsoft, “Create business rules and recommendations to apply logic to a form,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/dynamics365/customerengagement/on-premises/customize/create-business-rules-recommendations-apply-logic-form?view=op-9-1. [Accessed 04 03 2022].
[15] 	Microsoft, “Overview of using workflow processes,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/dynamics365/customerengagement/on-premises/customize/workflow-processes?view=op-9-1. [Accessed 04 03 2022].
[16] 	Microsoft, “Client API form context,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/powerapps/developer/model-driven-apps/clientapi/clientapi-form-context. [Accessed 04 03 2022].
[17] 	Microsoft, “Tutorial: Write and register a plug-in,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/powerapps/developer/data-platform/tutorial-write-plug-in. [Accessed 04 03 2022].
[18] 	K. Cole, “Microsoft CRM Throw Example,” MVH, Merthyr Tydfil, 2022.
[19] 	Microsoft, “IPluginExecutionContext Interface,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/dotnet/api/microsoft.xrm.sdk.ipluginexecutioncontext?view=dynamics-general-ce-9. [Accessed 05 03 2022].
[20] 	Microsoft, “Use OrganizationServiceContext,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/powerapps/developer/data-platform/org-service/organizationservicecontext. [Accessed 05 03 2022].
[21] 	Microsoft, “IOrganizationService Interface,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/dotnet/api/microsoft.xrm.sdk.iorganizationservice?view=dynamics-general-ce-9. [Accessed 05 03 2022].
[22] 	K. Cole, “Current Plugin Error Message Example,” 2022.
[23] 	DynamicsValue, “Get Started With FakeCRMEasy,” DynamicsValue, 2022. [Online]. Available: https://dynamicsvalue.com/home. [Accessed 02 03 2022].
[24] 	Moq, “Quickstart Moq/Moq4wiki,” Moq, 2022. [Online]. Available: https://github.com/Moq/moq4/wiki/Quickstart. [Accessed 05 03 2022].
[25] 	The NSubstitute project, “NSubstitute A friendly substitute for .NET mocking libraries,” The NSubstitute project, 2022. [Online]. Available: https://nsubstitute.github.io/. [Accessed 05 03 2022].
[26] 	Microsoft, “Application platform for building extended xRM applications,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/dynamics365/customerengagement/on-premises/developer/building-extended-xrm-applications?view=op-9-1. [Accessed 05 04 2022].
[27] 	K. Cole, “Microsoft CRM Solution,” MVH, Merthyr Tydfil, 2022.
[28] 	K. Cole, “Microsoft CRM JavaScript Upload,” MVH, Merthyr Tydfil, 2022.
[29] 	K. Cole, “Microsoft CRM Add and Edit XRM,” MVH, Merthyr Tydfil, 2022.
[30] 	K. Cole, “Microsoft CRM Change Field And Trigger JavaScript XRM Event,” MVH, Merthyr Tydfil, 2022.
[31] 	K. Cole, “XRM Alert Testing,” MVH, Merthyr Tydfil, 2022.
[32] 	.NET Foundation, “About xUnit.net,” .NET Foundation, 2022. [Online]. Available: https://xunit.net/. [Accessed 29 03 2022].
[33] 	K. Cole, “xUnit in Visual Studio,” MVH, Aberdare, 2022.
[34] 	Nuget, “Microsoft.CrmSdk.CoreAssemblies 9.0.2.42,” Nuget, 2022. [Online]. Available: https://www.nuget.org/packages/Microsoft.CrmSdk.CoreAssemblies/. [Accessed 07 03 2022].
[35] 	Nuget, “Xunit 2.4.2-pre.12,” Nuget, 2022. [Online]. Available: https://www.nuget.org/packages/xunit/2.4.2-pre.12. [Accessed 07 03 2022].
[36] 	.. Foundation, “Getting Started with xUnit.net Using .NET Framework with Visual Studio,” .NET Foundation, 2022. [Online]. Available: https://xunit.net/docs/getting-started/netfx/visual-studio. [Accessed 10 04 2022].
[37] 	Tutorials Point, “Design Patterns - Decorator Pattern,” Tutorials Point, 2022. [Online]. Available: https://www.tutorialspoint.com/design_pattern/decorator_pattern.htm. [Accessed 10 04 2022].
[38] 	Microsoft, “Account Entity Reference,” Microsoft, 2022. [Online]. Available: https://docs.microsoft.com/en-us/dynamics365/customerengagement/on-premises/developer/entities/account?view=op-9-1. [Accessed 07 04 2022].
[39] 	Ambek, “ambek - XRMPage-Mock,” Ambek, 2022. [Online]. Available: https://github.com/ambek/XrmPage-Mock. [Accessed 04 07 2022].
[40] 	K. Cole, “fakeeasyxrmresults,” MVH, Aberdare, 2022.
[41] 	K. Cole, “XRMPage-Mock Results Screen,” MVH, Merthyr Tydfil, 2022.

















[bookmark: _Toc109833000]Appendix

[bookmark: _Toc109833001]Sign Off

[image: ]

Delivery Date: 16/07/2022

Signed:
[image: ]
Jan Ryan
image3.png
Approach

Methodological
cholce
1

Techniques and
procedures




image4.png
Fields for Void Record

Steps/Information Recorded

ield Name

Notes to
development

Keys Released to HPS Date This is entered by
contact centre
during the Keys
Received process

Property ID Existing

functionality

Property Address Existing

functionality

Link to Pre-term inspection Lookup to Pre-term | Autopopulated

(including any pre-term re-visit records) inspection record | Locked field

Link to Void Inspection Lookup to Void ‘Autopopulated

Inspection Record | Locked field





image5.png
Account: New business rule

B

©.. ( scope: Account o 7 Help

+ X h & @ @

Ak Cu Copy | Peste  Deleie Snapshor

Condition Show Error Message
andition New Action

Show Error Message
New Action

Business Rule (Text View)

Account Name equals *Jones™

Components  Properties

Condition

Display Name

New Condition

Entity

Account

Rules + New
Rule 1 X
Source.

Entity ~

Field
Account Name >

T —
Equals v

Type




image6.png
G | somnismen s

pr—
L - — [
e [oom = ooy ot
JRm— Optns o At rocees
D et e s reamrmeces P
o I —— sten Dreosiscunes
[E— Orevssmacwse
[reC— [S—
nsomscoy e comoens woon s s s 5 e Dl (i)

Olvecsrssceens

st - | e X e

Seect i ronwd ok A .




image7.png
JavaScript

var firstName = Xrm.Page.getAttribute("firstname”).getValue();!
var lastName = Xrm.Page.getAttribute("lastname”).getValue();
console.log(firstName + * " + lastName);





image8.png
c# B Copy

public class FollowupPlugin : IPlugin
{

public void Execute(IServiceProvider serviceProvider)
{

throw new NotImplementedException();




image9.png
throw new InvalidPluginExecutionException("RTB OUTCOME: " + mvh_righttobuy.|.Message);

y.Value("mvh_rtbstatus")

|| primaryentity.Value("mvh_rtbstatus") ==

1 alerts based on contact entity reference with right to buy code applied
12 = @"<fetch distinct="false' returntotalrecordcount="true’>





image10.png
Dev Guide New CDS

GiRegsier v BView v Blsalbrofier (hDebug (X Unegiter & Reresh O Search

Registered Plugins & Custom Workflow Activities

» @ (Assembly) Microsoft.Crm.Objecthodel

» @ (Assembly) Microsoft Dynamics SolutionSummary.Plugins
» @ (Assembly) MicrosoftXrm.DataProvider Odata VA Plugins
53 (Data Source) OData v4 Data Source

£} (Data Source) Solution Component Data Source

Properties Details





image11.png
c# B Copy

Contact contact = new Contact();
contact.EMailAddressl = “sonny@contoso.com”;




image12.png
o  copy

OrganizationServiceContext orgContext =new OrganizationServiceContext(svc);
Contact contact = neu Contact()

{

harles”,
Broun”,

Firstiame
Lasthame
Address1_Linel = 123 Main St
Address1_City = "Des Moines”,
Address1_StateOrProvince
Address1_PostalCode = "2125:
new_tuwittername = "Chuck”,
Telephonel = "123-234-5678"
b
orgContext . Addobject (contact);
orgContext . SaveChanges ()





image13.png
Business Process Error

Show tachnical detsic

Download Log File




image14.png
Solution: Tenancy
[#) 5" web Resources

Solution Tenancy
Component Type | Web Resource v View Custor
8 nrormaton = .
o 8 New | (@) Acabustng | X Dewte | B Remove | [y Pubisn | o snow De
> Y Entites (5 Mansgea Propertes | More Actions +

[otonses  ospayame Name Toe

18] Crent Extensions

18] Web Resources sgnupuist scrot o sonupytspt SerptSerpy

= Tenancy Basic vn_TenancyBasic SeritUseript)

“Dpiugn Assemolies
Sok Mesage processing .

@ senvce Encports

58 Deshboards

= e

8§ Comecton Roes

[ Atice Tempiates





image15.png
B sae W oeere B review % SHOW DEPENDENCE

Neme* mn_ | st st
Oispay Name
Descrpton
Content
Type* | Text Editor
Language v

Upload File ] No il chosen





image16.png
Edit Content

Edit Web Resource Content.

Source

[175igm on visits
//5et current state outcome housing
[function housingcurrentstateOutcomel)
I
var min_housingoutcom:
ifimvn_Rousingoutcome
(

Xrm.Page getattribute( mun housingostcome’)getvalue;
i)

Switchimh_housingoutcome)

i
case 15 Xom Page getAtiributel min_currentstate’)setlaluel 3 ) oresk:
case 2: Yo Page getAtiributel min_Currentstate’)setlaluel" T oresk:
case 300 Page getAtiributel min_Currentstate’)setlaluel 2" oresk:
case 4 Xom Page getAtiributel min_currentstate’)setlaluel" T ) bresk:




image17.png
TENANCY 24510 T

00000010030

Tenancy Status* Former

Tenancy Reference 00000010030
Address 2Test Street
Tenant 1 Test Persont
Tenant 2 Test Person2

RAG Status
Tenancy Type

Tenancy Start Date™*
Tenancy Start Reason

Tenancy End Date
Tenancy End Reason





image18.png




image19.png
fakexrmeasyUnitTest
4 o Propertes
© Assemblyinfo.cs
b vm References
4 &) SDK Helper Code
b c* AccountNumberPlugin.cs
b v CrmSenviceHelpers.cs
b c* DeviceldManager.cs
bt EmorCodes.cs
0 LicenseTerms.docx
b c* WedokenManager.cs
b c* AccountNumberPluginTests.cs
) packeges.config





image20.png
fokesrmeasynitTest (1)
4@ AccountumberPluginTests (1)
@ fakexrmensyTest

Error Message Group Summary

|4 fakesimessyinitiet () e I fakexrmeasyUnitTest

1sec Tests in group: 1
= © Total Duration: 1 sec
1sec
Outcomes
@ 1 Passed

Search Test Explorer





image21.png
O [ locahost1283RMPageTestht: x| 4
C @ localhost:1283/XRMPageTest.html

ControlTest AttributeTest XrmPageTest ExampleTest

O vide passed tests (] Check for Globals (J No try-catch

Tests completed in 5 millseconds.
2assertions of 2 passed, O faled

1. Helper: getNameFromFunction (1)

Prroses

2 Helper: getNameFromFunction null (1)

Prroses




image22.png
MERTHYR

VALLEYS HOMES




image23.jpeg




image1.jpeg
M Prifysgol Cymru
% Y Drindod Dewi Sant
% University of Wales
Trinity Saint David





image2.png
5822: DEV Test: Repairs - New Asbestos Stage 04

1.

eate bug

Create a new repair

EXPECTED RESULT
Repair is created

Check itis not at pending

EXPECTED RESULT
Pending = No

Go to Repair Stages and click + to add a new stage

EXPECTED RESULT
Stage form opens and option to set to Stage 4 is available

Setto Stage 4 and Save

EXPECTED RESULT
Record s Saved

Refresh the page

exEcTED

sur
Repair Stage History record is generated, Repair Stage is set a5 Stage
04 2nd Repair Banner s displaying as Stage 04




