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Introduction 
In this assignment, the author will conduct research on Big Data, Big Data concepts such as the Vs of Big Data, Cap Theorem and a comparison of NoSQL services and Relational Database services. The author will also create a NoSQL database using MongoDB to demonstrate Big Data technologies.
[bookmark: _Toc36050552]Big Data
In this section the author will discuss many topics in detail, what Big Data is, lambda architecture in relation to the batch layer, serving layer and speed layer, the V’s of Big Data, these being Volume, Variety, Veracity and Velocity, as well as a brief look at a potential fifth V known as Variability. Finally, the author will discuss the benefits and uses of Big Data.
[bookmark: _Toc36050553]What is Big Data?
Big Data is a concept created to describe massive amounts of handled data, in today’s internet driven society data is very important. Facebook for example has 2 and a half billion users and every single minuet 300 hours’ worth of footage is uploaded to YouTube and it’s predicted that by the end of 2020 there will be 6.1 billion smartphone users all around the world. Each Facebook user for example doesn’t exist as one single piece of data either, there are many things recorded about them such as their name, age, hobbies and interests and even information that can help Facebook target adverts the user is more likely to click on. [1] [2]

The method of handling this data traditionally would not suffice, the systems would be far too complex and allow websites to run far slower. Since this is the effect that a structured database had when handling Big Data, it made sense to attempt to carry this data in an unstructured format as well as having some data still be structured like normal. This meant that certain data like videos did not have to be structured in a complex manner, it could just be uploaded into the database and exist as its own entity, this makes Big Data low in complexity. 
Another reason Big Data exists is because traditionally businesses holding a lot of data would add more computers to scale for more data to be stored, with Big Data, businesses are utilising cloud technology to scale their data storage. 
Some benefits of utilising Big Data technologies are that Big Data technologies are designed to handle distributed data, this means that these technologies handle data regardless of if the processor is directly attached to the data, instead it can be distributed through a network or a server. The scalability is another benefit as mentioned that if more storage is needed then the business can simply add another server to deal with it. Big Data technologies are made through a NoSQL database and as a result data can be much simpler but just as useful, especially when compared to a relational database as the NoSQL databases are less complex. Big Data technologies are designed to be fault tolerant, low on latencies between read and writes and able to work on many applications. 
Of course, Big Data technologies do also have some disadvantages, such as the need for skilled employees who can handle these technologies. Though typically using Big Data technologies can be cheaper due to buying servers rather than large powerful computers, the costs still are high due to needing skilled staff. [3] [4] [5]

[bookmark: _Toc36050554]Lambda Architecture in Big Data
Big Data Technologies use a lambda architecture to operate some of the database reading and writing. This architecture makes use of three layers, the batch layer, serving layer and speed layer.
[bookmark: _Toc36050555]Batch Layer
Batch Layer is also considered historical data, it handles all the data in batches, and it stores everything in datasets that can constantly grow. It can take hours to fully process the batches of data and so the speed layer is used to compensate for this, however the batch layer is the best way to collect complete and accurate results.
[bookmark: _Toc36050556]Serving Layer
When a batch layer is done processing its data the serving layer will create a view of that data so that the users of the system can query it in the future. The serving layer deals with error handling by having the batch layer rebuild the data over time.
[bookmark: _Toc36050557]Speed Layer
The speed layer processes any data it’s required to but without taking into account whether data is complete, accurate or recent and so it can be inaccurate however it has low latency times and so it is always faster than the batch layer. Any errors created in this layer aren’t permanent as it will eventually be corrected, this is an example of eventual accuracy. [6]

[bookmark: _Toc36050558]The V’s of Big Data
Programmers often refer to the 4 Vs of Big Data, however, the amount of Vs often changes person to person. In this section the main four will be discussed as well as an example of another V.
[bookmark: _Toc36050559]Volume
Volume refers to the large quantity of data being handled in Big Data Technologies. Petabytes or more can be stored by businesses. YouTube for example has hundreds of hours of videos uploaded every minuet, over time this storage usage has become huge.
[bookmark: _Toc36050560]Variety
Most data is unique to the individual, it’s not important on its own to have data about billions of people but how that data is used to work out how to tailor that information to them. For example, a business can hold the essential details about a customer but also, they could have GPS records that tell them what towns they frequent the most or maybe images of that person, videos etc.
You can have structured data, unstructured data and semi structured data.
[bookmark: _Toc36050561]Veracity
Since Big Data companies are dealing with massive amounts of data it is impossible to ensure that the data is 100% valid and verifiable. The data might not be accurate, and the information might not be of any real use to the business if this is the case.
[bookmark: _Toc36050562]Velocity
Velocity refers to getting information as close to real time as possible as this can benefit a business, for example if a business wanted advertise themselves and based it off of data available from days ago then this data might not be as useful as the current data from right this moment and so having data as up to date as possible is very important.
[bookmark: _Toc36050563]Variability
Many different conclusions can be drawn from a single piece of data and in some cases more than one sets of data can be contradictory. Since Big Data deals with information of all different sizes and types it’s important to know that the data can vary depending on circumstances like time and mistakes made by users. [7] [8] [9]


[bookmark: _Toc36050564]Consistency, Availability and Partitioning Theorem (CAP Theorem)
In this section the author will discuss CAP theorem by looking at the three parts that make up CAP theorem and what compromises are made when working with a CAP theorem strategy.
[bookmark: _Toc36050565]What is CAP Theorem? 
CAP theorem is made up of three parts, however developers can only use two parts out of three, and this means that compromises must be made when designing the database. 
[bookmark: _Toc36050566]Consistency
Consistency refers to allowing all users to see the same exact data, which means that data must be constantly updated across all sections of the database (nodes).  This means that every user will get the most up to date version of that data as it’s the most accurate version.
[bookmark: _Toc36050567]Availability
Availability refers to users being given data that is available, every node is available to the user however only the ones currently operating. 
[bookmark: _Toc36050568]Partitioning
Partitioning refers to breaks between nodes; this can happen if one node isn’t working but it directly linked to another. However, the partitioning process will keep working regardless of faulty nodes.

[bookmark: _Toc36050569]The Compromises of using CAP Theorem in Distributed Databases
Below are the possible database types and what compromises are made when choosing each.
[bookmark: _Toc36050570]Consistency-Availability databases
A constancy-Availability database sacrifices partitioning. It gives users consistent and allows all data to be available, however it cannot achieve this if there is a partition between any two nodes and so this system would likely fail as it is not built to deal with faults.
[bookmark: _Toc36050571]Availability-Partitioning databases
An availability-partitioning database sacrifices consistency. Whenever a break happens between nodes those nodes do not shut down, they must remain available, but because they are no longer working with the main database they may have outdated information and so some users may not get the most recent version of the data, thus it would not be consistent.
[bookmark: _Toc36050572]Consistency-Partitioning databases
A consistency-partitioning database sacrifices availability. Whenever a break happens between nodes the effected nodes need to be shut down until they are repaired, this is because the data in those nodes might not be consistent and thus cannot be made available. [10]

[bookmark: _Toc36050573]Relational and NoSQL Databases
In this section, the author will describe relational databases and NoSQL databases, then will conduct an analysis of the terms, ACID and BASE in databases.
[bookmark: _Toc36050574]What is a relational database?
A relational database has three key features. Data Independence, which refers to how data is uniquely stored with unique identifiers, as a result changes to how the database is sorted or used in a system will not disrupt how that data is stored or behaves. [11]
Structural Simplicity, which refers to the relationship between records. For example, a table made up of students would directly link to a table made up of classes. This makes database tree diagrams easy to understand as things are clearly laid out. [12]
Relational Processing, which refers to sorting in a database, for example data that are similar can be sorted. A user can sort by Classes taught by a certain teacher very easily as the teacher is related to each class they teach. [13] [14] [15]
[bookmark: _Toc36050575]What is a NoSQL Database?
NoSQL databases are the databases used for Big Data applications, the basics of how NoSQL works were discussed in a previous section where the author described the V’s of Big Data, those being volume, velocity, veracity and variety. NoSQL databases are not as well structured as a relational database as many different types of data are expected to be passed into it. Unlike with relational databases, these databases are expected to contain upwards to billions of data entries all of varying types and meanings. Netflix for example, have more than 3.14 petabytes of content ready to watch on their platform, a relational database simply couldn’t handle this level of storage. [16] [17]


[bookmark: _Toc36050576]ACID in Relational Databases
[bookmark: _Toc36050577]Atomicity
Atomicity refers to how any entry or transaction of data in a database must completely take place or it will not take place. This means that half a transaction cannot be completed. This is so that data that is changed doesn’t change incorrectly or data that is entered doesn’t lack valuable information.
[bookmark: _Toc36050578]Consistency
Consistency refers to every instance of that piece of data being the same. For example, if a teacher were to marry and change their surname then their name would need to be changed on a school’s database, if only one instance of that name is changed however then the rest of the instances will remain inconsistent. So, it is important to ensure consistency among all instances.
[bookmark: _Toc36050579]Isolation
Isolation means that transactions must be done without being affected by other transactions. This is so that if a transaction would be affected by another transaction then they should be done independently of each other without crossing paths, so this will require the transactions to wait for each other to complete. 
[bookmark: _Toc36050580]Durability
Durability in DBMS is when a database system fails then any transaction that has successfully been completed then it should still be saved. [18]

[bookmark: _Toc36050581]BASE in NoSQL
[bookmark: _Toc36050582]Basic Availability
Basic Availability refers to the availability of the database and ensuring it is operational at most times.
[bookmark: _Toc36050583]Soft-State
As a result of eventual consistency, the requirement for everything to be consistent in the ACID approach is no longer necessary. Everything doesn’t have to be consistent so long as it will eventually be consistent.

[bookmark: _Toc36050584]Eventual Consistency
Eventual Consistency refers to how everything will eventually work out consistent when the database is read and updated. [19]

[bookmark: _Toc36050585]Applications of Relational and NoSQL Databases
An example of industries who would use relational databases are schools and retail stores. Stores that store customer details for example would need certain details however there would be very little need to ever change what information is stored in terms of the types of details they’d keep. As a result, they would not need a NoSQL database because they likely would deal with very little data loads and no changes in data types needing to be stored. Meanwhile Facebook, YouTube and Twitter use NoSQL as they hold many data types and experience massive loads and strains to their database servers.

[bookmark: _Toc36050586]Zang Technologies Case Study
In this section the author will demonstrate their created NoSQL database and discuss the benefits of MongoDB to Zang Technologies.

[bookmark: _Toc36050587]What is MongoDB?
MongoDB is a NoSQL method of creating databases that could be used by companies who wish to expand into Big Data technologies.
[bookmark: _Toc36050588]Why would MongoDB be helpful to Zang Technologies?
Zang technologies read and write a lot of data, therefore it would be beneficial for them to consider Big Data technologies. They also receive many files from their overseas partners. Though relational databases could still be used at their current scale, it could be worth implementing NoSQL systems now in preparation for their companies’ growth in the coming years. It would help keep business costs down and allow them to keep as much data as they are able to. If they used MongoDB or any other type of NoSQL service, then they could make their data more accessible. 

[bookmark: _Toc36050589]Code examples of MongoDB

[bookmark: _Toc36050590]Create
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[bookmark: _Toc36049570]Figure 1 - Creating records in MongoDB
In the above image many records have been entered into the database.
[bookmark: _Toc36050591]Read
[image: ]
[bookmark: _Toc36049571]Figure 2 - Reading records in MongoDB
Above demonstrates reading records from 21 to 40.
[bookmark: _Toc36050592]Update
[image: ]
[bookmark: _Toc36049572]Figure 3 - Updating records in MongoDB
Above shows that two records have been updated to add a review score now that the games have been reviewed.
[bookmark: _Toc36050593]Delete
[image: ]
[bookmark: _Toc36049573]Figure 4 - Deleting records in MongoDB
Above shows the records, however the game Dreams no longer shows on the list as it has been deleted.

[bookmark: _Toc36050594]Evaluation
[bookmark: _GoBack]The author believes that they have carried out the tasks set well. The research conducted on Big Data, and Big Data concepts has been done to a good standard, and appropriate books and journals have been used where necessary to help research these concepts. In terms of the physical application of the application the author has made sure to make it Create, Read, Update and Delete to demonstrate the main database features of Big Data.
[bookmark: _Toc36050595]Conclusion
In conclusion, big data is a helpful concept that can be used in business and the amount of businesses using it to its fullest potential only further demonstrates its importance to businesses. With that said, any business looking to go into Big Data in the future needs to be aware of its concepts such as the 4 Vs, CAP theorem and the different layers (speed, batch and serving). In today’s online environment it isn’t uncommon for businesses to keep terabytes or petabytes of data for companies and so Big Data concepts really improves the efficiency of storing and using this data.
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using System;
using System.Collections.Generic;
 
using MongoDB.Bson;
using MongoDB.Driver;
 
namespace MongoDBApp_CSharpCore
{
    class Program
    {
        static void Main(string[] args)
        {
            MongoDBGameStore();
 
            Console.WriteLine("Exiting main");
 
            Console.ReadKey();  // Pause
        }
 
        private static async void MongoDBGameStore()
        {
            MongoClient client = new MongoClient();
            IMongoDatabase database = client.GetDatabase("mydb"); 
            IMongoCollection<BsonDocument> collection = database.GetCollection<BsonDocument>("test");
            BsonDocument doc;
 
            doc = new BsonDocument
            {
                {"Title","Animal Crossing New Horizons"},
                {"Age Rating", 3},
                {"Developer", "Nintendo"},
                {"Platforms", "Nintendo Switch"}
            };
 
            await collection.InsertOneAsync(doc);
 
            doc = new BsonDocument
            {
                {"Title","Astral Chain"},
                {"Age Rating", 16},
                {"Developer", "Nintendo"},
                {"Platforms", "Nintendo Switch"}
            };
 
            await collection.InsertOneAsync(doc);
 
            doc = new BsonDocument
            {
                {"Title","Dreams"},
                {"Age Rating", 12},
                {"Developer", "Media Molecule"},
                {"Platforms", "PS4"}
            };
 
            await collection.InsertOneAsync(doc);
 
            doc = new BsonDocument
            {
                {"Title","Yakuza 6 Song of Life"},
                {"Age Rating", 18},
                {"Developer", "Ryu Ga Gotoku"},
                {"Platforms", "PS4"}
            };
 
            await collection.InsertOneAsync(doc);
 
            doc = new BsonDocument
            {
                {"Title","Kingdom Hearts III"},
                {"Age Rating", 12},
                {"Developer", "Square Soft"},
                {"Platforms", "PS4, XBOX One"}
            };
 
            await collection.InsertOneAsync(doc);
 
            doc = new BsonDocument
            {
                {"Title","Final Fantasy VII Remake"},
                {"Age Rating", 16},
                {"Developer", "Square Soft"},
                {"Platforms", "PS4"}
            };
 
            await collection.InsertOneAsync(doc);
 
 
 
            List<BsonDocument> documents = new List<BsonDocument>();
            for(int i=0; i < 50; i++)
            {
                doc = new BsonDocument
                {
                    {"i", i}
                };
                documents.Add(doc);
            }
            await collection.InsertManyAsync(documents);
 
            // Printing How many records have been made
            long count = await collection.CountDocumentsAsync(new BsonDocument());
            Console.WriteLine("Collection contains {0} games ", count);
 
            Console.WriteLine();
 
            // Printing first document
            doc = await collection.Find(new BsonDocument()).FirstOrDefaultAsync();
            Console.WriteLine("First game is {0} \r\n", doc);
 
            // Print all
            await collection.Find(new BsonDocument()).ForEachAsync(d => Console.WriteLine(d));
 
 
            //find specific docuemnt with i=55
            doc = await collection.Find(Builders<BsonDocument>.Filter.Eq("i", 55)).FirstOrDefaultAsync();
            if (doc != null)
            {
                Console.WriteLine("Found games are {0}", doc);
            }
            else
            {
                Console.WriteLine("Failed to find game");
            }
 
            //find a set of games more than id=50 and less than id=70
            await collection.Find(Builders<BsonDocument>.Filter.Gt("i", 50)).ForEachAsync(d => Console.WriteLine(d));
            
            await collection.Find(Builders<BsonDocument>.Filter.And(
                Builders<BsonDocument>.Filter.Gt("i", 50),
                Builders<BsonDocument>.Filter.Lte("i", 70)
            ))
            .ForEachAsync(d => Console.WriteLine(d));
 
        //declaring the update 
                UpdateResult updated;
            
        // Assuming games by Square Soft are reviewed well 
        // Update Square Soft's games as a review score of 100
            updated = await collection.UpdateManyAsync(Builders<BsonDocument>.Filter.Eq("Developer", "Square Soft"), Builders<BsonDocument>.Update.Inc("Review Score", 100));
            if (updated.IsAcknowledged)
            {
                Console.WriteLine("Updating Square Soft's games, matched {0} documents and changed {1} documents",
                        updated.MatchedCount,
                        updated.ModifiedCount);
 
                await collection.Find(new BsonDocument()).ForEachAsync(d => Console.WriteLine(d)); // Display all
            }
                
            DeleteResult deleted;
 
            //Assuming we've sold out of this game and won't get more stock
            // Delete one document
            deleted = await collection.DeleteOneAsync(Builders<BsonDocument>.Filter.Eq("Developer", "Media Molecule"));
            if (deleted.IsAcknowledged)
            {
                Console.WriteLine("Deleted {0} games",
                    deleted.DeletedCount);
            }
 
            await collection.Find(new BsonDocument()).ForEachAsync(d => Console.WriteLine(d)); // Display all
            
 
 
            //throw all docs and collections
            await client.DropDatabaseAsync("mydb");
        }
    }
}
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