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[bookmark: _Toc145022585]Introduction
Many organisations in the current data landscape are migrating to cloud based infrastructure for data storage, processing and reporting purposes. Technologies like Amazon Web Services (AWS), Microsoft Azure and Google Cloud provide cheaper alternatives to the on-premises solutions which were available before.
DCWW (Dwr Cymru Welsh Water) is the national water company for Wales and parts of Herefordshire. DCWW is a not-for-profit water company which supplies clean water and manages wastewater. Their mission statement is to provide sustainable high quality drinking water and maintain the trust of their customers every day.
The researcher of this specific project has multiple years of experience in the field of data within a constantly changing industry. The researcher has maintained the current system for over five years and was under employ at the company during its inception. One of the aims of the Data Team at DCWW is to migrate all solutions to a cloud-based platform by 2030, the developer services reporting migration will be one of the first solutions to be migrated and will pave the way for migrations in the future. 
[bookmark: _Toc145022586]Problem Statement
A reporting solution was created several years ago to take data from a .txt file process and aggregate ready to be stored in a relational database. The data is stored using a dimensional modelling technique which is optimised for reporting. 


[bookmark: _Toc145022580]Figure 1 (TMR Current Data Solution)
The current system in production uses several different software solutions to create an end-to-end reporting platform. SSIS (SQL Server Integration Services) is a pipeline service data transfer software. Once the file has been deposited into the server file share. SSIS picks up the file and deposits the file into a staging area on the Data Team SQL Server. 
There is then a FACT processing job which takes the data out of the staging table and dimensionalises it. Dimensionalising is the process of splitting data into separate tables to optimise reporting capabilities. Numerical data, flags and date data types should be stored within a fact table. Fact tables should also have the secondary key for all the relevant dimension tables. Dimension tables store contextual information with a primary key. This is so that fact tables can be repopulated quickly with large amounts of data as integers are faster to process than character values.


[bookmark: _Toc145022581]Figure 2 (Task Data Mart Star Schema)


[bookmark: _Toc145022582]Figure 3 (Case Data Mart Star Schema)
The above figures 1 and 2, are the documented entity relationship diagrams for the in-production solution currently in use at DCWW (Dwr Cymru Welsh Water) [1]. Each time a new mart is created, an entity relationship diagram should be created and approved.

[bookmark: _Toc145022587]Industrial Context and Background to the Proposed Research
[bookmark: _Toc145022588]Benefits of Cloud Based Services
Cloud based services have a vast array of benefits and are the new emerging method of data processing and storage in industry.
[bookmark: _Toc145022589]Scalability
In a rapidly changing data landscape where over 2 quintillion bytes of data are generated daily on a global scale. Having the ability to quickly and easily scale data storage and processing technologies to meet demand is a great benefit and can be invaluable when it comes to providing essential services or real-time data processing. This type of service can help to prevent upfront investments in infrastructure. Bhardwaj and Jain [2] argue that Azure gives businesses the ability to scale their services to meet demand, providing flexibility to grow or shrink operations as needed without incurring unnecessary costs or service disruptions. Similarly, Li, Yang, Kandula, and Zhang [3] call attention to the value of Azure’s on-demand scalability, which can accommodate spikes in demand instantly without requiring long-term investment.
[bookmark: _Toc145022590]Security and Compliance
Companies hosting the cloud-based services have a legal and ethical responsibility to implement and upkeep strong robust security and compliance standards to protect the data hosted on their platforms. Strong encryption, multi-factor authentication and regular security updates are essential to protect data. Providers must employ tough firewalls and prevention systems to keep unauthorised users from accessing data they shouldn’t. Physical security is equally as important as digital security and encryption. Data centres are extremely secure facilities which have surveillance and restricted access. Security is a critical concern for all businesses, and according to Rittinghouse and Ransome [4], Azure offers superior security compared to traditional methods. Azure's robust security policies, controls, and compliance certifications provide businesses with peace of mind. 
[bookmark: _Toc145022591]Cost Savings
Cloud platforms remove the need for initial investments in hardware. Changing the expenditure model to an operational expenditure from a capital expenditure. As per the processing scalability, pricing is flexible based on demand. Maintenance costs are reduced with this model as many jobs of DBAs or developers are taken care of by the providers freeing their time for more development work. Due to the virtualised nature of the services resources can be managed and monitored to a specific pricing model based on the organisations allocated budget. Hashmi and Alam [5] emphasize the cost-effectiveness of Azure, stating that companies can significantly cut costs associated with purchasing, maintaining, and updating physical servers. Azure's pay-as-you-go model has proven particularly beneficial, allowing businesses to pay only for the services they use, thereby eliminating wastage and promoting efficiency. This view is echoed by Rimal, Choi, and Lumb [6], who highlight that cost savings are one of the primary motivations driving businesses to adopt cloud services like Azure.
[bookmark: _Toc145022592]Accessibility
Due to the online model of cloud-based services these can be accessed from any location with an internet connection. There are also data centres for these platforms situated all over the globe meaning that there will always be an option for your location with a low latency. This also supports remote work, and easier collaboration. Remote work has also got benefits with certain groups allowing a higher flexibility within working environments. These groups consist of working parents and those with disabilities. [7] This was investigated and deduced by Felsted and Henseke when assessing the growth of remote working and its consequences.
[bookmark: _Toc145022593]Flexibility
There are multiple different service models available:
· Infrastructure as a service (IaaS), are cloud hosted physical and virtual servers, storage and networking. 
· Platform as a service (PaaS), is a ready-to-use cloud hosted platform for the maintenance, development, running and management of applications.
· Software as a service (SaaS), is access to on-demand ready to use cloud hosted application software.
According to Han [8], Azure's infrastructure as a service (IaaS) and platform as service (PaaS) offerings give businesses the flexibility to choose the level of control they want over their applications, runtime, OS, and hardware. This flexibility allows companies to focus on their core business rather than managing IT infrastructure.
[bookmark: _Toc145022594]Rapid Deployment
DevOps a blend of software development (dev) and operations (ops). The shared responsibility and culture of collaboration this type of software facilitates improves deployment and quality control of code and deployments. The integration of these types of software with the development tools available in the cloud hastens development of solutions and reduces time-to-market. [9] This was discussed in detail with a cloud robotics context by Duggan, Dowzard, Katupitiya and Chan.
[bookmark: _Toc145022595]Disaster Recovery and Backup
Due to much of the maintenance of the cloud-based platforms being taken care of by the providers this also means that disaster recovery and backups are part of the cost and included in the platform. These are essential maintenance operations which protect data against loss or damage which is a legal regulatory measure in most countries. Due to the recovery processes being created and handled by many of the creators of these services they will be the most updated and streamlined in the industry. Disaster recovery was stated as one of the most important and essential parts of any software solution [10] by Ganne when researching high availability.
[bookmark: _Toc145022596]Aim and Objectives
[bookmark: _Toc145022597]Aim
Assessing the feasibility and benefits of migrating from an on-premises reporting data infrastructure to a cloud-based solution. This will focus on improving scalability, agility, cost-efficiency and data accessibility.
[bookmark: _Toc145022598]Objective 1: Evaluate Current Infrastructure
· Evaluate the current hardware and software components of the on-premises reporting system.
· Understand how data is stored and processed on-premises.
· Evaluate current maintenance and operational costs.
[bookmark: _Toc145022599]Objective 2: Scalability and Performance
· Investigate how cloud-based solutions enable scalability for data and reporting requirements.
· Comprehend what performance improvements can be achieved using a cloud-based solution.
[bookmark: _Toc145022600]Objective 3: Migration Strategy
· Investigate and choose the best migration strategy for the reporting solution.
· List the risks and create potential mitigation strategies for the migration of the reporting solution.
[bookmark: _Toc145022601]Research Methodology
[bookmark: _Toc145022602]Philosophy
A positivist approach uses data and empirical evidence to explain and rationalise phenomena. When working with numerical data it is only fitting that a logical research methodology should also be employed. Optimisation, cost analysis and security are all logic-based improvements. A phenomenological approach would not work for a project which deals with computers and without a human element.
The scientific method will be utilised heavily throughout this project to test code and optimisation. Cloud based services are also pay-as-you-go which means that a cost analysis can be done per project identifying running times and multiply that by running costs.
Optimisation can also be quantified using time-based calculations. Deciding which software would be better suited to processing the data using ADF (Azure Data Factory) or Databricks. ADF is a pipeline drag and drop software used to “lift and shift” data with limited transform capabilities. Databricks is a much more flexible system which allows for greater control. This is because Databricks relies on code written opposed to premade services and pipelines.
[bookmark: _Toc145022603]Approach
A deductive reasoning approach will be best utilised for researching the benefits of moving to a cloud-based system. Cloud based systems are marketed as more cost-effective and have quicker and easier scalability, this can be tested and quantified by referencing estimated costs of running against the current operating costs of the solution.
Processing times are also quantifiable, meaning that automated workflows metadata can be logged and compared to understand if moving to the cloud is more process efficient. On-premises solutions provide a job history and run-times for each section of a process. Databricks show command run-times per batch. Which means a highly granular comparison can be made.
Due to the high-profile nature of the cloud-based platform within DCWW there will be a higher level of regulation and quality control than with the on-premises solution. This means that a higher quality of documentation and approval will be utilised before anything is deployed or changed.
[bookmark: _Toc145022604]Strategies
[bookmark: _Toc145022605]Literature Review
Within the scope of cloud computing and Azure, ADF and Databricks specifically a literature review can help to understand the industry standards or potential research topics within the context. The researcher will be collecting information and papers which can be used as a reference for completing the project. With cloud computing and Azure being a relatively new concept within the Data industry its vital to learn from current research papers and industrial articles and journals to ensure that the best practices are being employed for the project going forward. The journals and articles collected will need to be critically evaluated and useful information highlighted to be discussed. This information will not only be beneficial for the completion of the research project but also will allow for this information to be passed along to the data team and improve processes at the industrial partners.
[bookmark: _Toc145022606]Software Development
Due to the project revolving around data management and reporting, software and code will be developed to fulfil the requirements. Code and data processing allow for quantifiable metrics which can be compared against the existing system to understand and truly be able to identify the benefits of moving to a cloud-based infrastructure from the previous on-premises model.
Developing code which processes the collected data means that the researcher will get firsthand experience working with the data and be able to fully understand and comprehend what data he is working with. Having this background contextual information when developing code is a very important quality and can turn creation of a data management solution into something elevated from another piece of work.
Developing code also has large amounts of quality assurance and data quality checks embedded in the process. Not only does code only produce what is programmed, but each step of development and deployment needs to be reviewed by a fellow developer to ensure optimisation and quality is always delivered.
[bookmark: _Toc145022607]Case Study
The researcher will be using a development project case study, in the form of the TMR cloud migration. A case study is one of the best methods of testing and understanding systems and data. It allows for in-depth exploration and examination of data in its most granular form. While case studies are sometimes criticised for their limited generalisability due to focusing on a specific topic. However, in the case of the researchers study many data related problems are solved using a similar approach. Data issues rely on similar solutions such as database management systems, data warehousing and reports such as powerBI and Tableau reader.
This specific case study will be completed longitudinally, meaning that it will be done over a period of time. By working and studying a specific case over a period of time it allows for a much more detailed dive into the data and be able to make comparisons between the old and new systems which will be in place.
[bookmark: _Toc145022608]Risks & Limitations
There are no significant risks which could impact the completion of the project. This project will be for internal stakeholders, within the Data Engineering team. The current in-production solution is held and maintained on the Data Team Servers, meaning that there is a very detailed template which can be employed when reworking the solution.
One potential risk which may cause a slight hinderance or delay to the delivery of the project could be the disparity between what functionality is available in SQL Server 2018 for on-premises solutions and the current functionality in Azures synapse analytics. 
Many of the functions employed in the current system will not migrate to the new proposed cloud-based system. Capability for computed columns is an example which will not translate to the new platform. All columns and transformations will need to be done prior to being loaded into tables on the SQL warehouse. 
[bookmark: _Toc145022609]Ethical Issues
There is very little risk of any ethical issues causing problems for the researcher, university or industrial partners. There is little to no risk of physical harm which could befall any person involved in this project. There is no physical aspect to undertaking this project. All work which needs to be undertaken will need to be done virtually therefore no manual handling, or power tools will need to be used.
There is also a very limited mental toll to partaking in this project. Other than conducting research into using the new systems which are being employed across the industrial partners data infrastructure, much of the planning and heavy lifting of understanding how to reach the required data transformations and aggregations has already been completed and can be used as a reference for the current project.
There is a small reputational risk when it comes to handling, storing and processing data which comes in the form of GDPR. Securely processing and storing customer and employee data has become a high profile and very important part of the data industry and many customers expect high quality security measures. The researcher and the industry partner must ensure that all data is handled with care and secured with the principle of least privilege and data masking where necessary.
[bookmark: _Toc145022610]Validity, Reliability & Generalisability
[bookmark: _Toc145022611]Validity
The data industry is currently undergoing a large transition in what is considered industry standard for reporting and data processing. With the introduction of cloud-based software, infrastructure and platforms and the countless quantifiable benefits it brings, almost all organisations are investigating or migrating to cloud based solutions.
Due to the context of this project being to provide high quality efficient data processing and reporting solutions at a low cost, an objective research approach which utilises numerical quantifiable comparisons.
[bookmark: _Toc145022612]Reliability
The industrial partner has a yearly KPI (key performance indicator) of migrating two on-premises solutions this is because it was deemed a more cost efficient and optimised method of providing solutions. The industry partner is also trying to create a centralised data repository for the whole business using cloud computing software. 
There are also countless conferences which can be attended which are aimed at data professionals. These conferences main aim is to teach and share knowledge of best practice and show off upcoming and emergent new technologies within the industry. Data Relay is a free Microsoft based touring platform which travels the length of the UK cultivating a culture of knowledge sharing and allowing networking opportunities. The previous two years of Data Relay has discussed and promoted the use of cloud technologies such as ADF and Databricks.
[bookmark: _Toc145022613]Generalisability
	What range of situations do your results apply to? Could they be used for similar problems or similar organisations, or with similar data sets?
There are a vast range of situations the results can apply to in the context of data management. Not only should PaaS, IaaS and SaaS be considered for larger companies with exabytes of data which they are looking to store in a central repository. It should also be considered by smaller start-ups as it involves no initial implementation cost and runs on a pay-as-you-go model. Meaning that it is infinitely more cost effective not only from a hardware standpoint, but much of the maintenance is also dealt with by the service provider from updates, backups and disaster recovery.
This research can also be applied generally to any dataset structured or unstructured due to the nature of a data lake. Centralising data storage for all possible types of data asset. Meaning that the ELT (Extract Load Transform) and Dimensional Modelling methodologies discussed below can also be used with an expanded dataset. Data marts have a concept of ‘conformed’ dimensions. Meaning that a set of data can be used for contextual information across multiple data solutions or source concepts. 


[bookmark: _Toc145022583]Figure 4 (Conformed Dimension Example)
By utilising this methodology is allowing for greater data transparency and access at an organisational level. Data is an asset which without proper utilisation is a waste. If collected and not reported on and visualised to aid business decisions it should not be collected and stored.
[bookmark: _Toc145022614]Data Evaluation Methods
[bookmark: _Toc145022615]Data Collection
The data collected will be done so as per the requirements laid out by the stakeholder. The data will be collected via an automated solution using a software called MoveIT. This will collect the text file from the BPM system. Near to no human intervention will be required. The data will be required to test and create the solution. The data can be taken from the existing system to start the initial development of the solution while an automated ingestion process is put in place for the production version.
If data cannot be collected for the initial development of the project ‘dummy data’ can be used by looking at the data types of the entity relationship diagram and formulating random fake data which can be used as a test.
[bookmark: _Toc145022616]Data Evaluation
The data will need to be evaluated using data quality checks and compared against the current in-production system. This is due to the system already being in place and used by the developer services team daily. The data will be presented using a PowerBI report. The previous system used a SSIS report suite, the issue with using this going forward is that it has become a depreciated software in the industrial partners infrastructure in favour of PowerBI.
As part of this project a data extraction tool using PowerBI will need to be developed. It will utilise parameters to allow for different types of reports to be created from the same page depending on the user’s requirements. This will be a self-service page meaning that we can cut development time of the reporting solution down by a considerable amount by removing the need for recreating the same report pages but selecting different task types. The stakeholders have previously stated that not all of the reports in the previous suite are required and utilised meaning that we can omit these from development all together.
[bookmark: _Toc145022617]Development Methodology
[bookmark: _Toc145022618]Software Development Methodology OR Other Relevant Major Methodology
Two software development methodologies will be employed to complete the project.
ELT (Extract Load Transform)
 An ELT (Extract Load Transform) data processing methodology will be used as this is the current standard for cloud-based data processing. ELTs allow for higher flexibility, better scalability and access to real-time data processing. ELT is a relatively new methodology which was created alongside the invention of the cloud-based services and specifically a data lake. The previous method was ETL which transformed the data before loading into a data mart. An ELT loads data both before and after transforming into the data lake. 
Dimensional Modelling
Dimensional modelling is the act of splitting data out into tables optimised for reporting as stated in the problem statement. The methodology was created by Ralph Kimball, dimensional modelling was created as an efficient way to retrieve data from a database. It is the opposite to normalisation which was created as the best method to store data. Dimensional modelling is still used as the industry standard for reporting solutions.
[bookmark: _Toc145022619]Resources
[bookmark: _Toc145022620]Hardware Resources
The only necessary hardware to complete this project is a laptop with a network connection. This laptop does not need to be of any specific hardware requirements. Most of the resources needed are software based and are hosted on separate virtualised machines. 
[bookmark: _Toc145022621]Software Resources
There is a considerable amount of software required to fulfil the needs of the solution:
· Azure Data Factory
ADF is used to create pipelines which transfer, alter and aggregate data between different supported datastores. 

· Azure Databricks
This cloud-based big data analytics, and machine learning platform. It is a managed and collaborative Apache spark-based analytics service that allows organisations to process data in large quantities.

· Azure Synapse
Another cloud-based service which is geared more towards large data storage and processing. Synapse is a data warehousing tool which stores structured data in a centralised repository.

· Azure Data Lake Services
A data lake is a scalable cloud-based service which allows users to store huge amounts of structured and unstructured data in a central repository. Unstructured data does not fit into stereotypical Relational Database Models (RDBMS).

· Power BI
A reporting tool which allows for data to be visualised in reports and dashboards which can allow users to access data in an easily readable format. 
[bookmark: _Toc145022622](Optional) Information Resources
The data required for this solution will come from a BPM system which is used to track and audit water network development throughout Wales. This data will be placed into the data lake to be collected and used within the process. 
[bookmark: _Toc145022623](Optional) Human Resources
There will be a small number of human resources required to complete this project. As this project is for an internal stakeholder within DCWW the human resources required are as follows:
· Developer
· Manager
· Colleague on Developer Services Team
[bookmark: _Toc145022624]Project Plan
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[bookmark: _Toc145022584]Figure 5 (Proposed Project Gantt Chart)
Figure 5 is the proposed Gantt chart and estimated time each task should take factoring in a small amount of risk with issues that could be faced. This will be used within the main project report and can be turned green if tasks were completed on target.
[bookmark: _Toc145022625]Project Impact
The project chosen by the researcher has potential impact for much of the future of development within the industrial partners data infrastructure. Much of the development at time of researching and writing this report uses Azure Data Factory and Azure Synapse to deliver solutions across the business. With the migration to the cloud being a relatively new experience for most companies and the data landscape constantly in a state of change, new technologies are being created and further improved upon meaning that the best tool for delivering solutions may change during development. 
If the project provides information advocating for databricks job clusters and SQL warehouses over Azure Synapse and ADF pipelines it could mean that this methodology of development could be utilised more frequently and become the standard for development within the industrial partners data infrastructure.
[bookmark: _Toc145022626]Personal Reflection
This project and research topic was chosen as it has significant impact on the Data Engineering team within Dwr Cymru Welsh Water. The Data Engineering team are currently working on creating a data warehousing solution which can support and provide data to the whole business.
The data industry is moving at an exponential rate which means it can be quite difficult to keep up with the changes and rapid developments in technology and software. Being given the opportunity to use, research and develop with the cutting-edge technologies available to the industrial partners helps to improve the knowledge not only of the main researcher but assist the teams within the industrial partners employ.
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TMR.Task

TaskInstanceID varchar(32) NULL

BPMReference varchar(10) NULL

Dim_BPMPrefixCode smallint NULL

CreateDate date NULL

StartDate date NULL

CompleteDate date NULL

Dim_TaskStatusCode smallint NOT NULL

Dim_CaseJunkCode int NOT NULL

Dim_TaskSubjectCode smallint NOT NULL

Dim_ProcessCode smallint NOT NULL

Dim_ProcessStatusCode smallint NOT NULL

Dim_DesignerCode smallint NOT NULL

Dim_LPACode smallint NOT NULL

TMR.Dim_TaskStatus (Type 0)

Code smallint NOT NULL

Description varchar(12) NOT NULL

SourceValue varchar(12) NOT NULL

CONSTRAINT PK_Dim_TaskStatus PRIMARY KEY 

CLUSTERED Code

TMR.Dim_CaseJunk (Type 1)

Code int IDENTITY(1,1) NOT NULL

BPMReference varchar(10) NOT NULL

Applicant varchar(60) NOT NULL

Company varchar(60) NOT NULL

Development varchar(64) NOT NULL

SiteHouseNumber varchar(10) NULL

SiteBuildingName varchar(60) NULL

SiteStreet1 varchar(60) NOT NULL

SiteStreet2 varchar(60) NULL

SiteTown varchar(40) NULL

SitePostcode varchar(10) NULL

WMDCaseType varchar(14) NULL

CONSTRAINT PK_Dim_CaseJunk PRIMARY KEY 

CLUSTERED 

Code

TMR.Dim_TaskOwner (Type 1)

Code smallint IDENTITY(1,1) NOT NULL

Description varchar(60) NOT NULL

CONSTRAINT PK_Dim_TaskOwner PRIMARY KEY 

CLUSTERED Code

TMR.Dim_Process (Type 0)

Code smallint IDENTITY(1,1) NOT NULL

Description varchar(24) NOT NULL

CONSTRAINT PK_Dim_Process PRIMARY KEY 

CLUSTERED Code

TMR.Dim_Designer (Type 1)

Code smallint IDENTITY(1,1) NOT NULL

FirstName varchar(32) NOT NULL

LastName varchar(32) NOT NULL

FullName varchar(65) NOT NULL

CONSTRAINT PK_Dim_Designer PRIMARY KEY 

CLUSTERED Code

TMR.Dim_LPA (Type 0)

Code smallint IDENTITY(1,1) NOT NULL

Description varchar(36) NOT NULL

CONSTRAINT PK_Dim_LPA PRIMARY KEY 

CLUSTERED Code

TMR.Dim_ProcessStatus (Type 0)

Code smallint NOT NULL

Description varchar(12) NOT NULL

CONSTRAINT PK_Dim_ProcessStatus PRIMARY 

KEY CLUSTERED Code

TMR.Task Star Schema

TMR.Dim_TaskOwnerBridge (Bridge)

TaskInstanceID varchar(32) NOT NULL

Dim_TaskOwnerCode smallint NOT NULL

Ordering smallint NOT NULL

CONSTRAINT PK_Dim_TaskOwnerBridge 

PRIMARY KEY CLUSTERED TaskInstanceID, 

Dim_TaskOwnerCode

TMR.Dim_TaskSubject (Type 1)

Code smallint IDENTITY(1,1) NOT NULL

Description varchar(127) NOT NULL

CONSTRAINT PK_Dim_TaskSubject PRIMARY 

KEY CLUSTERED Code

TMR.Dim_BPMPrefix (Type 0)

Code smallint IDENTITY(1,1) NOT NULL

Prefix char(3) NOT NULL

Description varchar(24) NOT NULL

CONSTRAINT PK_Dim_BPMPrefix PRIMARY KEY 

CLUSTERED (Code)
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TMR.Dim_TaskOwner (Type 1)
Code smallint IDENTITY(1,1) NOT NULL
Description varchar(60) NOT NULL

CONSTRAINT PK_Dim_TaskOwner PRIMARY KEY CLUSTERED Code
TMR.Dim_Process (Type 0)
Code smallint IDENTITY(1,1) NOT NULL
Description varchar(24) NOT NULL

CONSTRAINT PK_Dim_Process PRIMARY KEY CLUSTERED Code
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TMR.Dim_ProcessStatus (Type 0)
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TMR.Task Star Schema
TMR.Dim_TaskOwnerBridge (Bridge)
TaskInstanceID varchar(32) NOT NULL
Dim_TaskOwnerCode smallint NOT NULL
Ordering smallint NOT NULL

CONSTRAINT PK_Dim_TaskOwnerBridge PRIMARY KEY CLUSTERED TaskInstanceID, Dim_TaskOwnerCode
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Code smallint IDENTITY(1,1) NOT NULL
Description varchar(127) NOT NULL
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