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[bookmark: _Toc19497][bookmark: _Toc31390]Abstract
This essay analyses the current development of Abertawe Entertainment and lists the requirements of the company. It compares four types of databases in NoSQL, including Document-Oriented Database, Graph-Oriented Database, Key-value Database and Wide-column Database, and compared with traditional relational databases, then through the application scenarios of NoSQL database analysis, and finally design the database for this company.


[bookmark: _Toc829][bookmark: _Toc32588]1 Requirements analysis
With the development of Abertawe Entertainment the number of publishers supplying content to the company is increasing . The company wanted to develop a platform which would allow users to browse the company's existing short stories and make purchases in order to achieve the company's goal of expanding its digital footprint and establishing branches across Wales.

[bookmark: _Toc31120]2 Introduction to NoSQL Types
NoSQL can generally be divided into four categories: Document-Oriented Database, Graph-Oriented Database, Key-value Database, and Wide-column Database.

[bookmark: _Toc23097]2.1 Document-Oriented Database
Document-oriented databases can be differentiated from other traditional databases in that they are used to manage documents. Each file is an individual unit of data, which is an aggregation of data items. There is a name and a corresponding value for each data item, which could be made up of simple data types such as strings, numbers and dates, and complex types for example ordered lists and related objects. The minimum unit in which data is stored is the document, the structure is defined by a form, which is composed of an assortment of fields. Document properties stored from the same form may be variable and data could be saved in various forms such as XML, JSON and JSONB.[1] It is often used in scenarios such as storing log information.
Document-based databases differ from relational databases in the following ways.
(1) [bookmark: _Ref13157]Relational databases have a high degree of structure, whereas Notes' document-based databases allow many different types of unstructured or arbitrarily formatted fields to be created.[2]
(2) Relational databases are based on mathematical concepts, in which the logical structure of data from the user's point of view in a relational model is a two-dimensional table. In contrast, the basic element of a document-based database is the document, the structure of which is defined by the form.
(3) Relational databases have a concept of attributes, which means that each column in a two-dimensional table is called an attribute. However, document-based databases do not have the concept of attributes but they have the concept of entries. An entry means any part of the data stored in a document, and each entry represents a piece of data in the document.
(4) A view in a relational database refers to a table derived from one or several base tables. The data corresponding to a view is not actually stored in the database, only the definition of the view is stored in the database. In contrast, documents in a document-based database can be displayed in full or in part in a view. The view allows the user to see the key fields of a set of documents and to sort and order the information displayed according to a certain criterion.

[bookmark: _Toc20678]2.2 Graph Database
Graph database is a type of NoSQL database which originated from Euler theory and graph theory. It uses graph theory to store information about the relationships between entities and supports a series of operations such as query, delete, add and update on graph structures. It is commonly used in recommendation engines and some highly relational data.[3]
According to DB-Engines' statistics on the use of commonly used graph databases this year, Neo4j is a very popular and mature graph database in recent years.[4]
[image: ]
Figure1 Graph database usage trends in recent years
Neo4j can handle graphs with hundreds of millions of relationships and can perform concurrent operations on multi-core processors, making it ideal for team collaboration.[5]
Compared to traditional relational databases, graph databases are faster and can provide a richer presentation of relationships. The differences between relational and graph databases are illustrated by using the Mysql relational database and the Neo4j graph database as examples.
(1) Relational databases use SQL query statements while graph databases use Cypher query statements. The Cypher language is very user-friendly for beginners, because a very complex query for a relational database can often be expressed very simply in Cypher.
(2) Compared to relational databases, graph databases perform exceptionally well and are very efficient when dealing with large amounts of low-structured data with complex or confusing relationships. When modelling graph data, no matter how many graphs there are, the speed at which it traverses each node and edge is not affected.
(3) Relational databases use indexing against tables or views, while graph databases use indexing against graph data.
(4) Relational databases save data locally. However, graph databases store data on the network, which makes it faster and more accurate when dealing with large amounts of data. Furthermore, the entire data is secured by ACID transactions.[6]
(5) Relational databases cannot notify the outside world of events, whereas graph databases can be set up with an outside listening interface.

[bookmark: _Toc14641]2.3 Key-value Database
Key-value databases are traditionally implemented as B-trees or hash tables. It is possible to divide key-value databases into three main categories according to their functional characteristics: (1) memory-based key-value databases, which are typically represented by memcache. They are mainly used in server caching. (2) Key-value databases represented by Redis[7] as a persistent storage engine. They generally cache a portion of the data in memory and then asynchronously swipe the data back to disk in a batch process. (3) Distributed key-value storage systems represented by Dynamo. They mainly control how to smoothly add and delete machines so that the key-value database has better scalability, and how to distribute data on different nodes so that the load can be better balanced and so on.
Compared to traditional relational databases, key-value databases have the following advantages.
(1) The data storage structure is simple, there are only keys and values, which appear in pairs. Values can theoretically store arbitrary data and support the storage of large data.
(2) Key-value databases are designed with memory in mind, so that they can be used to process data quickly.[8]
(3) Key-value databases simplify the data structure and do not have the multiple tables associated with traditional relational databases, thus providing the technology to support high-speed calculations and responses for applications with a large number of user accesses.[9]
(4) The key-value database can be distributed and its distributed processing capabilities give it the ability to handle big data.
At the same time, key-value databases have a number of disadvantages.
(1) Because key-value databases use keys which are the primary object for various data operations, the ability to perform direct operations on values is very weak.
(2) The key-value database does not have to force the type of data stored in the pre-defined keys and values, so there is no error reported during use even if the data is stored incorrectly. The occurrence of this situation tends to cause confusion in the writing of the code and also causes a great deal of trouble in the maintenance of the subsequent software system code.

[bookmark: _Toc6825]2.4 Wide-column Database
Wide-column databases[10] store data in records and are able to accommodate a large number of dynamic columns. It is a distributed NoSQL database which combines wide availability, scalability, high performance and high availability. Wide-column databases are similar to traditional relational databases in that they use tables, rows and columns. Because the column names and record keys are not fixed, as well as because records may have billions of columns, wide column stores can be thought of as two-dimensional key-value stores. Wide-column databases are generally used in distributed file systems.
The differences between wide-column databases and traditional relational databases are as follows.
(1) A wide-column database is stored in the database as a loosely structured multidimensional hash table, and this loosely structured multidimensional hash table allows for each row of data to have a different column. In a traditional relational database, however, all rows of the same table must have the same column structure.[11]
(2) The data stored in each column family in a wide-column database can be associated or arranged as a set of data. Depending on the actual situation, each column family can store different forms of data according to different requirements, without being restricted to the table structure of a relational database, and there is no need for each column to have the same structure.
(3) The rows of a wide column database are maintained in a dictionary order of identifiers. Thus similar or possibly semantically related row identifiers are always physically kept together.[12]

[bookmark: _Toc26955]3 Application Scenarios for NoSQL
NoSQL databases, as the name implies, break the paradigm constraints of traditional relational databases. Many NoSQL databases are considered from a data storage perspective to be Hash databases in Key-Value data format.[13] By abandoning the powerful SQL query language and transactional conformance and paradigmatic constraints that characterize relational databases, NoSQL databases can go a long way towards solving a number of the challenges that traditional relational databases face. In the field of high performance monitoring, the variety of data types, frequent read, write and update operations, and fast lookup operations are not optimal for the table and row-based structure of relational databases. In addition, SQL operations such as JOIN can cause long processing delays. In this case, NoSQL databases can be used to their advantage in the field of high performance monitoring and can also solve the scalability problems encountered by existing monitoring systems.[14]
NoSQL databases are used instead of traditional relational databases when there is a need for high concurrency in reading and writing to the database.[15] Web 2.0 websites have to generate dynamic pages and provide dynamic information in real time according to the user's personalised information, so it is basically impossible to use dynamic page static technology, so the database concurrent load is very high, often reaching tens of thousands of read and write requests per second. The relational database can barely cope with tens of thousands of SQL queries, but with tens of thousands of SQL write data requests, the hard disk IO is already unbearable.
In systems where the data structure and query relationships are very simple, the storage problem can be solved by using only NoSQL. This not only improves performance but is also very easy to scale. In systems where the database structure changes frequently and the data structure is uncertain, it is ideal to use NoSQL for storage.[16] For example, the storage of monitoring information in a monitoring system may not be quite the same for each type of monitoring information. This avoids the performance problems associated with frequent table restructuring and adding fields to MySQL.

[bookmark: _Toc6836]4 Database creation
Abertawe needs to build to meet the basic user information storage, user transaction information storage, user digital asset information storage, asset information storage and so on.
A highly structured relational database was used to store the basic information, transaction information and user asset information in the user's registered account, because of the need for strict consistency.
As asset information is diverse, constantly changing and sometimes requires the storage of corresponding audio data, a more flexible NoSQL is used for the storage of relevant data.

[bookmark: _Toc2876][bookmark: _Toc21611]4.1 Create table
(1) user: Used to store basic information about the customer.
[image: ]
(2) UserAsset: After a user initiates a transaction, a record is generated with the assets and transaction status corresponding to the user's information.
[image: ]
(3) AssetDetails: Synchronise asset-related data.
[image: ]
(4) TransactionRecord: Record user transaction information.
[image: ]
(5) AssetRecordSheet: Record details of the novel.
[image: ]
[bookmark: _Toc21838]4.2 Constraint settings
(1) The user's digital assets in the user base information table cannot be negative
[image: ]
(2) The AssetID in the Asset Attributes Form cannot be empty
[image: ]
[bookmark: _Toc26185]4.3 Populating tables in the database
(1) user
[image: ]
(2)AssetRecordSheet
[image: ]
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[bookmark: _Toc24376][bookmark: _Ref19457317]4.4 Performance Tuning
(1) Create a secondary index on the userName of user
User information can be quickly searched by user name. 
[image: ]
（2）Create a secondary index on the price of TransactionRecord
Quick access to transactions made under a certain transaction amount for a user.
[image: ]

[bookmark: _Toc17527]4.5 Database transactions and related operations
(1) Top-up of user digital assets
When a user tops up digital assets on the platform, the user's digital assets will become the original assets held plus the top-up assets.

function TopUp(UserId, Amount) {
   let TopUpsql = 'update user set balance = balance+'+Amount+' where id ='+UserId;
       conn.query(TopUpsql, (err, result) => {
          if(err){
          console.log(err);
              return
          }

   })
}
[image: ]
Top up $1000 to user with id 5
TopUp(5,10000);
[image: ]

(2) Synchronize the relational database with the asset information table of Nosql
Putting some of the asset information from NoSQL into the relational database to facilitate the implementation of user purchases of novels. Ability to query the relational database for details of the novel in the NoSQL database and update the inventory of the novel after a successful transaction.

function Assetsynchronization() {
    MongoClient.connect("mongodb://127.0.0.1:27017/Abertawe", function (merr, db) {
        if (merr) throw err;
        var dbo = db.db("Abertawe");
        dbo.collection("AssetRecordSheet").find({}).toArray(function (derr, result) {

            if (derr) throw err;

            for (let i = 0; i < result.length; i++) {
                // console.log(i);
                let Selectsql = 'select AssetID from AssetDetails where Title="' + result[i].Title + '"';
                conn.query(Selectsql, (serr, result_mysql_select) => {
                    if (serr) {
                        console.log(serr);
                        return
                    }
                    //console.log(!result_mysql_select[0]);

                    if (!result_mysql_select[0]) {
                        console.log(i)
                        console.log(result[i].Title)
                        let Insertsql = 'insert into AssetDetails(Title) values("' + result[i].Title + '") ';
                        conn.query(Insertsql, (ierr, result_mysql_insert) => {
                            if (ierr) {
                                console.log(ierr);
                                return
                            }
                        })
                    }
                })
            }
            console.log(3);
            db.close();
            return

        });
    });
    return
}
[image: ]
Assetsynchronization();
[image: ]
(3) Asset purchases
When a user purchases a novel, a piece of data is generated in the TransactionRecord. If the transaction is successful, a data entry is generated for the UserAsset and the asset is marked as active, with the user's digital asset information and the inventory of the novel in the AssetRecordSheet changing accordingly.

DELIMITER $$
CREATE TRIGGER after_record
AFTER INSERT ON transactionrecord FOR EACH ROW
BEGIN   
  IF new.price <= (select balance from user u where u.id=new.uid)  then
	update user u set balance = balance -new.price  where u.id = new.uid;
	insert into userasset values(new.uid,new.aid,TRUE);
	else
	insert into userasset values(new.uid,new.aid,FALSE);
  END IF;
END;
$$

function transaction(UserId, AssetID) {
    MongoClient.connect(url, function (merr, db) {
        var dbo = db.db("Abertawe");
        let SelectAssetsSql = 'select Title from AssetDetails where AssetID=' + AssetID + ';';
        conn.query(SelectAssetsSql, (serr, sresult) => {
            if (serr) {
                console.log(serr);
                return
            }
            var whereFind = {"Title": sresult[0].Title};
            dbo.collection("AssetRecordSheet").find(whereFind).toArray(function (derr, dresult) {
                conn.query(SelectAssetsSql, (serr, sresult) => {
                    if (serr) {
                        console.log(serr);
                        return
                    }
                })
                var price = dresult[0].price;
                let Bsql = 'select balance from user where id=' + UserId;
                conn.query(Bsql, (berr, bresult) => {
                    if (price <= bresult[0].balance) {
                        var newStock = {$set: {"stockamount": dresult[0].stockamount - 1}};
                        console.log(newStock);
                        dbo.collection("AssetRecordSheet").updateOne(whereFind, newStock, function (Aerr, Aresult) {
                            console.log();
                            db.close();
                        })
                    }

                })
                let BuyAssetsUpsql = 'insert into transactionrecord values(' + UserId + ',' + AssetID + ',' + price + ',CURRENT_DATE);';
                conn.query(BuyAssetsUpsql, (err, result) => {
                    if (err) {
                        console.log(err);
                        return
                    }
                    console.log(result)
                })
            });
        })
    })
}

async function BuyAssets(UserId, AssetID) {
    async function promise() {
        await new Promise(function (resolve, reject) {
            //console.log(6);
            setTimeout(function () {
                Assetsynchronization();
                resolve()
            }, 500)
            //resolve()
        })
        setTimeout(function () {
            transaction(UserId, AssetID);
            //resolve()
        }, 3000)
    }
    promise()
}

The user whose id is 3 has purchased a book the best of us. Before purchase:
(1) user
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(2) UserAsset
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(3) AssetDetails
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(4) TransactionRecord
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(5) AssetRecordSheet
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After purchase:
BuyAssets(3,9);
(1) user
[image: ]
(2) UserAsset
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(3) AssetDetails
[image: ]
(4) TransactionRecord
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(5) AssetRecordSheet
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*abc’, 'liulipeng’, 18337674, '2023-01-18 00:00:00°, 0);

‘Letten’, '2 Old Shore Junction', 44622900, '2023-01-62 00:00:00°, 600);
*Shakespear’, '28898 Shelley Pass’, 58724612, '2023-01-62 00:00:00°, 63204);
‘Grover’, '2 Express Plaza’, 39163820, '2023-01-02 00:00:00', 650);
*Boorer’, '53 Sunfield Road', 31337344, '2023-01-62 00:00:00°, 700);
‘Farnall’, '4095 Armistice Terrace', 36802739, '2023-01-02 00:00:00', 500);
*Gorden’, '512 Arkansas Drive', 20384890, '2023-01-02 00:00:00°, 600);
‘Eastup’, '819 Spohn Place’, 98494923, '2023-01-02 00:00:00', 200);
*Viccary®, '41 Anhalt Terrace', 19377500, '2023-01-62 00:00:00°, 650);
‘Dorie’, '@557 Bashford Lane’, 82659518, '2023-01-02 00:00:00', 700);
*Tapton', '975 Hazelcrest Road’, 57225727, '2023-01-02 00:00:00', 500);
*Astlet’, '0150 Raven Pass', 82152840, '2023-01-02 00:00:00', 600);
‘Dallander’, '97174 Jenifer Circle’, 92414355, '2023-01-02 00:00:00', 200);
*Vines', '190 Manley Court', 62561425, '2023-01-02 00:00:00', 650);
*Aymes®, 37396 Corscot Court', 80832181, '2023-01-62 00:00:00°, 700);
*Edgley’, '59 Thompson Court’, 12792153, '2023-01-02 00:00:00', 500);
‘Keast', '1 Bunker Hill Junction’, 12234086, '2023-01-02 00 ', 600);
‘Dorie’, '@557 Bashford Lane’, 82659518, '2023-01-02 00:00:00', 200);
*Tapton', '975 Hazelcrest Road’, 57225727, '2023-01-02 00:00:00', 650);
“McKevany', '15 Mcguire Park’, 34293189, '2023-01-02 00:00:00', 700);

*975 Hazelcrest Road’, 57225727, '2023-01-02 00:00:00°, 650)

INSERT INTO “user™ VALUES (20, ‘McKevany', ‘15 Mcguire Park’, 34293189, '2023-01-62 00:00:00°, 700)
> Affected rows: 1
> Bf[E: 0.001s
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63cB24a34b790000<Xu Sanguan's Blood Yuhua ~ Emotional Fiction  Harvest 2033-12-30 100 100 xxaxaxxaaxxaaxxaax
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63c824a34b790000+Educated: A Memo Tara Westf Emotional Fiction  Nanhai Publishing Company 2033-12-30 72 100 xaaxxaaxx@axxaaxx:
63cB24a34b790000¢ Fortress Besieged  Qian Zhoncsatirical novel Shanghai Chenguang Publish2033-12-30 132 100 xxaaxxaaX@AXKEAXXE

the best of us August ChiYouth novel Hunan Literature and Art Pul

63c824234b790000+Red sorghum MoVYan  Emotional Fiction  People's Literature 2033-12-30 89 97 XXaaxxaaxxaaxxaaxx
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