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Prontoparcels.co.uk Database System’s Report
[bookmark: _Toc61657968][bookmark: _Toc79539689]Abstract: In this report, based on the actual situation of the Prontoparcels.co.uk, the SQL database is used to construct a suitable database design scheme. Solved various problems raised by prontoparcels.co.uk, and improve the performance of the entire system by adding appropriate indexes. In general the system’s performance is optimized and enhanced to a certain extent, and a suitable solution is proposed.
[bookmark: _Toc61657969][bookmark: _Toc79539690]1 Introduction
Pronto Parcels is a courier service specialising in the transportation of small to medium size parcels throughout the UK and Worldwide [8]. 
Due to increasing demands for a fast delivery service and to maintain their level of customer commitment, the company has decided that reliable information retrieval and processing of data is a must. They would like to review their systems and initially they would like to look at a suitable design for a database solution [8].
This report created the database system in response to the requirements of Prontoparcels.co.uk. The following content is the elaboration and understanding of the specific operation.
[bookmark: _Toc61657970][bookmark: _Toc79539691]2 The debate of SQL and NoSQL database
[bookmark: _Toc79539692][bookmark: _Toc61657971]2.1 SQL database
[bookmark: _Toc61657972]2.1.1 Concept
SQL database is a relational database. It uses mathematical concepts and methods such as geometric algebra to process data in the database. Frankly speaking, the SQL database uses mathematical methods such as selection, projection, connection, union, intersection, difference, division, addition, deletion, and modification to implement the storage and query of data. You can use SQL statements to do very complex data queries between a table and multiple tables [2]. 
[bookmark: _Toc61657973]2.1.2 Advantage
(1) the structure of the two-dimensional table is very close to the real world, and the two-dimensional table is easy to understand.
(2) It is very convenient that we operate the SQL database by using the general SQL statement.
(3) The SQL database is easy for us to maintain, the probability of data redundancy and data inconsistency are reduced greatly because of the ACID attribute of the database..
[bookmark: _Toc61657974]2.1.3 Bottleneck
(1)The efficiency of reading and writing huge data. For websites with high concurrency, there are hundreds and hundreds requests per second. traditional SQL databases will meet a great challenge because of the hard disk I/O [1].
(2) High scalability and availability.In the web-based structure, it is hard for the database to expand horizontally. When the amount of users and visits of an application system is increasing freguently, the database cannot be as simple as web Server by adding more hardware and service nodes to expand performance and load capacity[1].
[bookmark: _Toc61657975][bookmark: _Toc79539693]2.2 NoSQL database
[bookmark: _Toc61657976]2.2.1 Concept
The NoSQL database is based on the relationship between key-value pairs, and the database is not analyzed by the SQL layer, so the performance of the database is excellent. But it is not suitable for multi-table joint query and some more complex queries. The NoSQL database is used for the storage of large-scale data [2]. NoSQL databases mainly refer to data storage systems that are non-relational, distributed, and generally do not guarantee ACID [1].
[bookmark: _Toc61657977]2.2.2 Classification
Most of the NoSQL databases are open source, and the implementation is relatively simple, and most of them appear for application requirements of some characteristics. According to different structured methods and application scenarios, it is divided into the following categories [1].
(1) Key-value database for high-performance concurrent reading and writing. 
(2) Document-oriented database for mass data access. 
(3) For scalable distributed database. 
[bookmark: _Toc61657978]2.2.3 Advantage
(1) Performance: NoSQL is based on key-value pairs, because of this strcture, the performance of Nosql is relatively high.
(2) Scalability: Because NoSQL database based on key-value pairs, there is no coupling between data, so it is very easy to scale horizontally.
(3) Cost: NoSQL databases are simple and easy to deploy. Nosql is always free to use. Compared with the relational databases which need to buy,they are cheaper. 
(4) Query speed: Because the type of storing data between NoSQL databases and SQL databases, the query speed of NoSQL database is faster than that of the SQL database.
(5) The format of the stored data: NoSQL storage formats are document ,image,key-value , etc., so it can store more basic types and various formats than SQL database[1].
[bookmark: _Toc61657979]2.2.4 Disadvantage
(1) The tools and data to maintain are limited, because NoSQL is a new technology and cannot be compared with the technology of SQL databases which have existed for more than 10 years.
(2) Do not provide the support for SQL.There are learning and use costs for new technology. 
(3) Does not provide SQL database processing [3].
[bookmark: _Toc61657980][bookmark: _Toc79539694] 2.3 Comparision of SQL and NoSQL
(1) Storage: the SQL database is usually stored in the form of tables. If SQL want to add an external relationship, SQL should create a new foreign key between the original table and external data tables. About NoSQL, it uses key-value storage [1].
(2) Transaction:In SQL database, if some tables need to be updated in the same batch, transation can guarantee that the tables are updated together. In the NoSQL databases situation, there is not function of transaction [1].
(3) Data table and Data set: The SQL database is tabular and stored in the data table. Related to each other, easy to extract. The NoSQL database is stored together in bulk[1].
[bookmark: _GoBack](4) Pre-defined structure and Dynamic structure: In SQL database, you must define the location and table structure before CURD. The table structure can be updated after the definition, but if there are major structural changes, it will become more complicated. In NoSQL database, data can be added with no restriction. There is not pre-definition [1].
(5) Storage standards and Storage code: For the sake of standardization, relational databases allocate data into the smallest logical tables to store them to avoid duplication and obtain streamlined space utilization. But the relationship between multiple tables is limited, and multi-table management is a bit complicated. The NoSQL database is a flat data collection. The data can often be repeated. A single database is rarely separated, but is stored as a whole. This kind of block reading data is more efficient [1].
(6) Vertical expansion and Horizontal expansion: The SQL database adopts vertical expansion to improve processing capacity and support more concurrency, and increase processing capacity by improving computer performance. The NoSql database adopts expands horizontal to improve processing capacity, and the NoSQL databases are naturally distributed, so load balancing can be achieved through clusters[1].
[bookmark: _Toc61657981][bookmark: _Toc79539695]2.4 The SQL in the case of Prontoparcels.co.uk
Through the discussion of the characteristics and performance of the SQL databases and the NoSQL databases, we know the application scenarios of different types of databases, as shown below [4].
[image: C:\Users\73194\AppData\Local\Temp\1610712418(1).jpg]
In response to the database scheme design requirements proposed by Prontoparcels.co.uk, we know that the data stored in this database system is basic type and does not involve objects or collections. Then Prontoparcels.co.uk definitely needs to ensure that multiple changes are submitted at the same time without error. In this case, the transaction in SQL is indispensable. For the Prontoparcels.co.uk system, the requirements for the standardization of data are still relatively high, and the standardization of data can facilitate the company's subsequent analysis of the data. Based on the above factors, the use of SQLdatabase is relatively better for this case.
[bookmark: _Toc79539696]3.Database Relation Scheme of Prontoparcels.co.uk 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Through comprehensive consideration of the various requirements of Prontoparcels.co.uk and combined with the needs of various aspects, the corresponding database relation scheme is proposed, which includes 11 tables. The database relation scheme is as follows
[image: C:\Users\会瘦的~1\AppData\Local\Temp\1628597145(1).jpg]
The 11 tables of this database relation scheme are Table [SenderType], Table [Sender], Table [Recipient], Table [ParcelPrice], Table [Discount], Table [ParcelStatus], Table [Staff], Table [TransportVehicleType], Table [TransportVehicle], Table [ParcelManage] and Table [Office].
Table [SenderType]
This table is sender type table.The type include ‘Production Company’ and ‘Customer’.
Table [Sender]
This table is the information of sender.
Table [Recipient]
This table is the information of recipient.
Table [ParcelPrice]
This table is the specific price information of the parcel.
Table [Discount]
This table is the information of discount about the parcel.
Table [ParcelStatus]
This table is the specific status of the parcel.
Table [Staff]
This table is the information of Prontoparcels.co.uk’ staff.
Table [TransportVehicleType]
This table is the type of transport vehicles.
Table [TransportVehicle]
This table is the information of transport vehicles.
Table [Office]
This table is the information of the office.
Table [ParcelManage]
This table is the information of parcel manage system.
I will create the corresponding database based on this database relation scheme.
[bookmark: _Toc61657982][bookmark: _Toc79539697]4.Description of performance Tuning
[bookmark: _Toc79539698]4.1 Index
An index is a structure that provides accelerated access to the rows of a table based on the values of one or more columns in the table, i.e. index key value(s) [9].
There are two main types indexes [9]:
Clustered Index: the data file is sequentially ordered by the specified field(s).
Secondary (or Non-clustered) Index: an index defined on non-ordering field(s) of the data file.
These two types of indexes are used in different scenarios due to their different characteristics
[bookmark: _Toc79539699]4.2 Operation of performance Tuning
In order to solve the problems raised in the assignment, we need to add some secondary indexes. This can solve the problems raised in the assignment and improve the data query performance.
In the database relation scheme, the whole 11 tables are analyse.the data in the three tables,which are Table [Sender], Table [Recipient] and Table [Staff] , is relatively cumbersome, and if the query is directly performed, the efficiency is relatively low. In this case, consider using a non-clustered index for one of the attributes in these three tables. Considering the real data, name is an easy-to-remember data compared to some other data, so use non-clustered index for [SenderName],[RecipientName] and [StaffName] in these three tables respectively. After completing this operation, if you query the database again, you don't need to scan the database completely, you only need to index, and then get the data that you need. In this way, the query efficiency of the entire database has been improved, and the performance has been enhanced. The specific code is shown in the figure below.
[image: C:\Users\会瘦的~1\AppData\Local\Temp\1628604262(1).jpg]
[bookmark: _Toc61657983][bookmark: _Toc79539700]5.Solution of Task 1, item 4
For the problems raised by Task1, item 4, considering the case of the Prontoparcels.co.uk, using transaction help the company address the two problems.
[bookmark: _Toc79539701]5.1 Concept of Transaction
It is the smallest unit of work for database operations, and is a series of operations performed as a single logical unit of work; these operations are submitted to the system as a whole, either executed or not executed; a transaction is a set of indivisible operations Set (Logical Unit of Work) [10].
[bookmark: _Toc79539702]5.2Solution of Problem a
According to the understanding of the concept of database transactions, the problem a can be solved using transactions. Convert the problem described in the question a to the operation process of the database. The problem is that in the process of inserting data of ParcelID, ParcelBookingDate is not inserted or is a null value. In this case, you can create a transaction. You must insert ParcelBookingDate while inserting PaecelID. In this case, the transaction will submit and output the statement 'Success to book the parcel delivery and roll back the transaction', otherwise the transaction will rollback and output the statement ' Failed to book the parcel delivery and roll back the transaction'. The specific implementation statement of the transaction is shown in the figure below.
[image: C:\Users\会瘦的~1\AppData\Local\Temp\1628602491(1).jpg]
[bookmark: _Toc79539703]5.3 Solution of Problem b
Like the solution to problem a, the problem described in problem b is converted into a database operation process. The problem is that in the process of inserting data of ParcelID, the value of BookTime is not within the employee's working hours. In this case, you can create a transaction. While inserting value of PaecelID, the value of BookTime is limited to between 9 and 18. When BookTime is within this range, the transaction will submit and output the statement ''success to book'', otherwise the transaction will rollback, and the output statement ''fail to book, delivery times that are not registered as possible schedules available.'. The specific implementation statement of the transaction is shown in the figure below.
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[bookmark: _Toc61657984][bookmark: _Toc79539704]6 Distributed database solution
[bookmark: _Toc79539705][bookmark: _Toc61657985]6.1 Summarize of DDBS
The distributed database technology is a combination of database technology and distributed technology. Specifically, it refers to a database technology that combines the various database nodes that are geographically dispersed, but in the computer system logic, it is a database technology that combines data belonging to the same system. There is not only the coordination between databases but also the distribution of data. This system does not pay attention to the centralized control of the system, but the autonomy of each database node. In addition, in order to allow programmers to reduce the workload and the possibility of system errors when writing programs, they generally do not consider data at all. The distribution situation, as a result, the distribution situation of the system data has been kept transparent [5].
[bookmark: _Toc61657986][bookmark: _Toc79539706]6.2 Classification of DDBS
(1) Isomorphic and homogeneous DDBS: All sites use the same type of data model, and are the same type of DBMS.
(2) Isomorphic and heterogeneous DDBS: All sites use the same type of data model, but the model of DBMS is different.
(3) Heterogeneous DDBS: The data model of each site has different models, and even types [6].
[bookmark: _Toc61657987][bookmark: _Toc79539707]6.3 Fragmentation strategy
[bookmark: _Toc61657988]6.3.1 Types
The types of Fragmentation strategy is as follows[6]:
(1) Horizontal fragmentation: divide all tuples of the global relationship into several disjoint subsets according to certain conditions, and each subset is a fragment of the relationship.
(2) Vertical fragmentation: divide the attribute set of a global relationship into several subsets, and perform projection operations on these subsets. Each projection is called a vertical slice.
(3) Derived fragmentation: the condition of horizontal fragmentation is not the condition of this relationship attribute, but the condition of other relationship attributes.
(4) Mixed fragmentation: a mixture of the above three methods. It can be sliced horizontally and then vertically, or vertically and then horizontally, or other forms, but their results are not the same.
[bookmark: _Toc61657989]6.3.2 Rules
The rules of Fragmentation strategy is as follows [7]:
(1) Completenness condition- All the data of the global relation must be mapper into the fragments.
(2) Reconstruction condition-It must alwaysbe possible to reconstruct each global relation from its fragments.
(3) Disjointness-Fragments be disjoint, sothat the replication of data can be controlled explicity at allocation level
[bookmark: _Toc61657990][bookmark: _Toc79539708]6.4 Solution
After the establishment of the Prontoparcels.co.uk’s database is completed, it is necessary to consider the situation that the future business volume is too large. In this case, a distributed database should be adopted to solve the problem of excessive data volume, so I will carry out the distribution database solution.
The basic architecture of a distributed database is shown in the Figure below [7].
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In the database construction case of the Prontoparcels.co.uk database System,we have constructed 11 tables, which are Table [SenderType], Table [Sender], Table [Recipient], Table [ParcelPrice], Table [Discount], Table [ParcelStatus], Table [Staff], Table [TransportVehicleType], Table [TransportVehicle], Table [ParcelManage] and Table [Office].
For data stored in tables with fewer attributes, when the amount of data reaches a huge amount, we adopt a horizontal fragmentation strategy. such as Table [SenderType], Table [Recipient], Table [ParcelPrice], Table [Discount], Table [ParcelStatus], Table [TransportVehicleType] and Table [TransportVehicle].
For the data stored in tables with more attributes, when the amount of data reaches a huge amount, we adopt the vertical fragmentation strategy. If the amount of data reaches another order of magnitude, we should adopt the mixed fragmentation strategy at this time, such as Table [Sender], Table [Staff],Table [ParcelManage] and Table [Office].
[bookmark: _Toc79539709]6.5 The reconstruction of global relation
By reconstructing global relationships from fragmentation, the integrity of the overall database can be maintained, which plays an important role in enterprise applications. For this database: For the fragments of all tables, the global relationship is constructed according to the established relationship.
[bookmark: _Toc61657991][bookmark: _Toc79539710]7 Conclusion
For the Prontoparcels.co.uk case, we successfully constructed a suitable database system, implemented the required functions, and strengthened the functions of this system. Although the construction of this database is not the best, but in database construction process I have studied and consolidated the relevant knowledge of the database, and also gave myself a new understanding of the database, which made me full of confidence in the subsequent self-study of the database.
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—FILE 1 function d build the database performance tuning enhancements— bulid secondary indexs

[=ICREATE INDEX SECONDARYINDEX ON Sender (SenderName)
CREATE INDEX SECONDARYINDEX ON Recipient (RecipientName)
CREATE INDEX SECONDARYINDEX ON Staff (FirstName)
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[El— FILE 3 function c-SQL code to demonstrate evidence of transaction rollback and commit operations

—Problem a(transaction)

[EIBEGIN TRANSACTION

DECLARE @error INT

SET @error =0;

DECLARE @ParcellID CHAR(12)

DECLARE @ParcelBookingDate DATETIME

INSERT INTO ParcelManage values ('P11111111111°, ’SE00000001’,’R100000001",” TV00000001",’ ProntoParcels001

SELECT @ParcelID= @@IDENTITY
SELECT @ParcelBookingDate = ParcelBookingDate from ParcelManage where ParcellD =
PRINT @ParcelBookingDate

S)IF @ParcelBookingDate is null or @ParcelBookingDate =

SET @error =1
PRINT @error

[=IF @error > 0
[IBEGIN

PRINT ’Failed to book the parcel delivery and roll back the transaction’
ROLLBACK TRANSACTION

END

ELSE

[=IBEGIN

PRINT ’Success to book the parcel delivery and submit the transaction’
COMMIT TRANSACTION
END

@ParcelID

’pssl’,’Ps1’,’DL’)
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—Problem b(transaction)
BEGIN TRANSACTION
DECLARE @BookTime INT ;

INSERT INTO ParcelManage (ParcellD, SenderID, RecipientID, TransportVehicleID, OfficeID, ParcelBookingDate, BookTime, SendDate,

ReceiptData, ParcelStatusID, ParcelSizelD, DiscountID)
VALUES ('P11111111111°, ’SE00000001’,’R100000001",’ TV00000001",’ ProntoParcels001’,’ 2020-7-7","9’, @BookTime, ",  PSS1’, PS1’, D1")

IF @BookTime > 18 OR @BookTime < 9

BEGIN

print’ fail to book, delivery times that are not registered as possible schedules available.’
ROLLBACK TRANSACTION

END

ELSE
print’ success to hook’
COMMIT TRANSACTION :
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