








ABSTRACT 
The purpose of this report is to demonstrate and provide information about created Shape up Gyms-Microsoft SQL Server database. The database was created using SQL statements and populated with real data generator records [1]. The report will be describing problems solved in regard to database performance tuning and distributed database design.
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1. [bookmark: _Toc35597975]Performance Tuning (secondary indexes)
In addition to standardization, the index is one of the most important topics in databases. The index is nothing more than a data structure that facilitates data searching, it is the basic mechanism that is used to improve the efficiency of query execution in the database. An index can be imagined as an index in a book. If we take a catalogue of tools in which we have 600 pages, and we want to find a specific tool, e.g. a hammer, it is a pity in this case to browse page by page for information. It is easier to investigate the index and quickly locate the page where the description of the tool we are looking for is located.
Thus:
· the data is not physically ordered in the logical order of data represented by this index,
· index is most often assumed on columns, which are often in the WHERE condition - thanks to indexes, the server will not search all data to find the records searched,
· good for tables that are often modified. 
[bookmark: _Hlk34311871][bookmark: _Hlk34312192][bookmark: _Hlk34312311]The problem of searching data in the table can be very easily presented on the example of Shape up Gyms database. Suppose that in the Customers table, we want to find a customer with the last name Vokins (searching by surname not customer Id, because the customer does not need to know his Id number) to check the customers details, if it is his first time in the gym or his telephone number in case of need to contact him or simply to update his personal details. These are the day to day; most often searched Shape up Gyms queries. To make such a query without indexes set up, the server would have to view all data pages that relate to the "Customer" table. Rows are stored in the database in the order they are entered and are not sorted in a special way. What does the system do when we issue a command to find a containing record information about Vokins, e.g.:

SELECT * FROM Customer WHERE LastName = 'Vokins'
UPDATE Customer SET Postcode='SA12EA' WHERE LastName='Vokins'

[image: ]

The system must search the entire table (scan all pages of data containing data from the table) and review all records of this table to make sure that it has found records containing the surname Vokins. This operation is of course time consuming. For a large table, this may require a very large number of readings. However, if an index is created on the "LastName" column, the server after reading the index will receive the exact address where the information is on the disk. The index is determined for a specific field. Then we say that this field is indexed. In the case of the Customer table, we can select the LastName field as an indexed field, then the creation of an index in this field will mean the system establishing an additional table in which the last names of customers from the Customer table will be placed and also where to look (on which data page) full information about selected customers. In addition, the records in the index table will be sorted in alphabetical order of surnames. The search for the customer named Vokins will now be much faster.
Another index created in the Shape up Gyms database is index in GymMembershipPrice table, on MembershipTypeID and GymID columns. It is allowing quick search and update details in membership price table by selecting Membership Id and gym id. Thanks to this, finding (using and knowing Membership Id and gym id) records of interest to us can be much faster than in the case sequential search of the table. Suppose that as for the new year’s result gym’s price list need to be changed and updated. With the help of index already in place this can be easily searched and changed in a much faster way just by entering membership id. 
SELECT * FROM GymMembershipPrice WHERE MembershipTypeID = 'M001'AND GymID='G001'

[image: ]

UPDATE GymMembershipPrice SET MonthlyPaymentFee ='30.00' WHERE MembershipTypeID ='M001' AND GymID=’G001’

Index in table MembershipPurchase on MembershipTypeID is for searching and updating information in MembershipPurchase. Searching for a client's membership purchase by his MembershipTypeID or StartDate, because the client does not need to know his ID or purchase number. It can be easy searched to find out the customer id or purchase id and quickly updated with a new record once known the appropriate id.
[bookmark: _Hlk35431587]SELECT * FROM MembershipPurchase WHERE StartDate='01/06/2009'
Or
SELECT * FROM MembershipPurchase WHERE StartDate='01/06/2009' AND MembershipTypeID='M001'

[image: ]
UPDATE MembershipPurchase SET EndDate ='01/09/2013' WHERE CustomerID ='10' 

2. [bookmark: _Toc35597976] Distributed Database Management Systems (DDBMS)
One of the basic issues of RBD design is to determine how to divide data between nodes so that the efficiency of the entire system is satisfactory. One of the techniques used in this area is fragmentation. Fragmentation consists in dividing the data storage object, usually a table, into smaller parts, called fragments. In practice, three fragmentation techniques are distinguished, i.e. horizontal, vertical and mixed fragmentation. The purpose of fragmentation is to increase the efficiency of data access. Thanks to the proper selection of the criterion for the division of objects into fragments, it can be ensured that users' applications will address only selected partitions of their interest, thus limiting the volumes of searched data. In addition, each fragment can be placed on a different disk, which will ensure parallel access to many fragments at the same time. If the fragments are placed "near" their place of use, then the cost of network transmission in low-bandwidth networks can be reduced. Using the Shape up Gyms case study a suitable fragmentation schema for the system has been identified and the fragmentation strategy applied to each table as follows:
[bookmark: _Toc35597977]2.1 Region table
Region table only contain a small number of records, which in that case doesn't need fragmentation. Relations would be replicated at all gym sites. 
[bookmark: _Toc35597978][bookmark: _Hlk35437468]2.2 City table
Using primary horizontal fragmentation for City minterm predicates by RegionCode, because every city has got a region code as there can be many cities within one region.

{RegionNo = 1 (‘South East Wales’) 
RegionNo = 2 (‘South West Wales’)
RegionNo = 3('Mid Wales')
RegionNo = 4('North Wales')} 
Horizontal fragments are:
C1: 	RegionCode = 1 
C2: 	RegionCode = 2
C3:	RegionCode = 3
C4: 	RegionCode = 4
Reconstruction: C1 C2 C3 C4
[bookmark: _Toc35597979][bookmark: _Hlk35437448]2.3 Gym table
Using primary horizontal fragmentation for Gym minterm predicates by CityCode, so the details are allocated to the appropriate gym branch within one city code. The details of the branches can be distributed accordingly to the city code. 
 
{CityCode = 1 (‘C001’) 
CityCode = 2 (‘C002’)
CityCode = 3('C003’)
CityCode = 4('C004')} 
Horizontal fragments are:
G1:	 CityCode = 1 
G2: 	 CityCode = 2
G3:	 CityCode = 3
G4:	 CityCode = 4
Reconstruction: C1 C2 C3 C4
[bookmark: _Toc35597980][bookmark: _Hlk35438624]2.4 MembershipType and GymMembershipPrice table
[bookmark: _Hlk35597356][bookmark: _Hlk35597184]Use derived fragmentation on fragment MembershipType (based on GymID- membership type information can be located at the same location as the gym fragment) and GymMembershipPrice (based on MembershipType - locate  GymMembershipPrice at same fragment location as the MembershipType [2]. 
[bookmark: _Hlk35597507]MTi:	MembershipType  [image: ]      GymID Gi	 1  i  16
[bookmark: _Hlk35597617]GMPi:	GymMembershipPrice         MembershipTypeID Pi       1  i  16

[bookmark: _Hlk35596320]Reconstruction: MT1 MT2 MT3 MT4 MT5 MT6 MT7 MT8 MT9 MT10 MT11 MT12 MT13 MT14 MT15 MT16
Reconstruction: GMP1 GMP2 GMP3 GMP4 GMP5 GMP6 GMP7 GMP8 GMP9 GMP10 GMP11 GMP12 GMP13 GMP14 GMP15 GMP16
[bookmark: _Toc35597981]2.5 Customer and MembershipPurchase table
Using vertical fragmentation for Customer to enforce privacy of some parts data.
C1 (Personnel):  CustomerID, GymID, FirstName, LastName, DateOfBirth, EmailAddress, Passcode, HomeAddress, HomeCityCode, Postcode, ContactPhoneNo, MedicalSummary, JoinDate
23 (Financial staff):  CustomerID, BankAccountNo, SortCode

Then use derived fragmentation on fragment C1 Personnel (based on GymID- customers information can be located at the same location as the customers gym fragment) and MembershipPurchase (based on Customer- locate  MembershipPurchase at same fragment location as the C1 (Personnel) [2]. 
Cii:	C1 (Personnel)        GymID Gi    1  i  15
MPi:	MembershipPurchase [image: ]    CustomerID Ci    1  i  15

[bookmark: _Hlk35596037]Reconstruction: (C1 C2  C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 
 C13 C14 C15)         GymID C2
[bookmark: _Hlk35595984]Reconstruction: MP1  MP2  MP3  MP4  MP5  MP6  MP7  MP8 MP9 MP10 MP11 MP12 MP13 MP14 MP15.
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