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Abstract
The intention of this report is to determine the benefits of using secondary indexes when running queries on an SQL database using secondary indexes, do they enhance query performance? Alongside looking at the appropriate use of distributed databases for the business itself.
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[bookmark: _Toc532819641][bookmark: _Toc35884529]Section 1 – Performance Tuning
Performance tuning is the ability to ensure that the database can return data as efficiently as possible when an SQL query is run by an application. It can be thought of as a way to find the fastest walk to your favourite restaurant.  (find an appropriate reference)
One of the first tasks when considering performance tuning is to understand and analyse what queries may be run on the data to enable them to be examined and to determine what time of day which queries will be ran.

[image: ]
Figure 1 - Diagram showing the current Entity Relationship Diagram (ERD).

One area of performance tuning that often gets overlooked is the use of indexes. Indexes are used to speed up the performance of a query, this is done by lowering the number of database pages that the query has to look through by placing a pointer in the data. 
One of the main advantages is that an index helps speed up the SELECT and WHERE elements of the request, if you are inputting data into the table, indexing can make the system seem slow. The suggestion in this instance would be not to use fields that may be regularly updated when looking to improve timing’s with indexes.
There are two types of indexes that should be considered:
· Clustered Index – this is a column or combination of columns that can be used to sort the rows into order within the table. A table can only have one clustering index;
· Secondary Index – is a way to efficiently access the records in a database by a different means to the primary key. [1] 
When selecting data to use for secondary indexing it is important to consider the following:
· Whilst secondary indexes can improve functionality, it has to be offset by the overhead of maintaining the indexes when the table is being updated;
· The database can have as many indexes as you require, but 2 per table should be enough, so chose your index columns carefully.
The secondary indexes that have been chosen to help with the performance of the Shape Up Gym are as below:
· City Query;
· Gym Membership Query;
· Membership Last Payment Date.


[bookmark: _Toc35884530]Section 1.1 Secondary Index 1
City Query	Comment by Kemi Ademoye: Good, but please note that you were asked to create the chosen indexes in SQL file 1 as well as discuss your justifications for the indexes in the report.
One query that might be used quite often could be looking for gyms that are in a particular area, so a secondary index on the city would be useful when running such a query.
Query 
[image: ]
Figure 2 - Select statement for query looking for Gym's in a particular city.
Non-Indexed query 
[image: ]
Figure 3 - Details of non-indexed query City Name (Trial 5)
Index Query 
[image: ]
Figure 4 - Details of indexed query on City Name (Trial 1)


[bookmark: _Toc35884531]Section 1.2 Secondary Index 2
Membership Query
A second query that could be useful would be the ability to check if a customer is a member of the gym they are attending or if they are visiting out of the area. It would be a query used to be all the gyms within the network and could therefore have a high volume of traffic especially at peak times.
Query
[image: ]
Figure 5 - Select statement for query looking for a Customers on the system.
Non-Indexed Query
[image: ]
Figure 6 - Details of non-indexed query Customers (Trial 7)
Indexed Query
[image: ]
Figure 7  - Details of indexed query on Customer (Trial 2)


[bookmark: _Toc35884532][bookmark: _Hlk35777401]Section 1.3 Secondary Index 3
Payment Date Query
A third query that could be useful would be the ability to check which customers are getting close to their last payment date, this would be a query run by the finance section of the company on a regular basis.
Query
[image: ]
Figure 8 - Select statement for query looking for a Last Date Payments on the system.
Non-Indexed Query
[image: ]
Figure 9 - Details of non-indexed query Last Payment Date (Trial 8)
Indexed Query
[image: ]
Figure 10  - Details of indexed query on Last Payment Date (Trial 3)


[bookmark: _Toc35884533]Section 1.4 Results of Index Performance Tuning

Trial Results 
	Execution Time
	City Query
	Membership  Query
	Payment Date Query

	
	Non-Indexed
	Indexed
	Non-Indexed
	Indexed
	Non-Indexed
	Indexed

	Number of server roundings
	2
	1
	2
	2
	2


	2

	TDS packets sent
	2
	1
	2
	2
	2
	2

	TDS packets received
	2
	1
	2
	2
	2
	2

	Bytes sent

	330
	270
	568
	568
	704
	704

	Bytes received
	180
	156
	539
	539
	1,840
	1,840

	Processing time
	0
	0
	1
	2
	1
	2

	Total execution time
	81
	28
	80
	45
	140
	89

	Wait time on server
	81
	28
	79
	43
	139
	87



Figure 11 - Table of the query results with Non-Indexed and Indexed Query times
As can be seen in Figure 11, the total execution time for all three indexes is reduced as well as the wait time for the server, suggesting that despite it being a small database that significant milliseconds can be saved by introducing second indexes.	Comment by Kemi Ademoye: Very good analysis, but I cannot determine what columns you have actually chosen to index from your discussion as you have simply shown the queries you are testing alone and have forgotten to show the actual columns being indexed.
The city query is reduced from 81 milliseconds to 28 milliseconds, this is a reduction of 65%, whilst the membership is reduced from 80 to 45 milliseconds, a reduction of 44%. The last payment date for membership reduces from 140 to 89 milliseconds, a reduction of 36%.
From this table it can also be seen that as the structure of the query gets more complex the query time reduction decreases. This suggests that at some point a complex query will not benefit from an indexed query, so this des need to always be a consideration when determine what can be indexed.
[bookmark: _Toc532819643][bookmark: _Toc35884534]
Section 2 – Distributed Databases
[bookmark: _Toc35884535]Section 2.1 – Distributed Databases 

What is a distributed database – A distributed database is defined as a collection of multiple, logically interrelated databases distributed over a computer network.[2] To put is simply it is a centralised database that has been split into several parts or fragmented to allow users to access the data at their own site as well as across multiple sites.
The advantages to such a distributed database are:
· Usage – since the applications are working with subsets of the data ;
· Efficiency – relevant data is normally stored close to the location so the efficiency is increased [3];
· Parallelism;
· Security – due to the nature of only relevant data being stored at the location, security and privacy is easier to maintain [3].
There are a couple of disadvantages that would need to be taken into consideration:
· Performance;
· Integrity.
The types of fragmentation that could be considered are:
· Horizontal;
· Vertical;
· Mixed;
· Derived.
See Sections 3.2 to 3.5 for individual details on the fragmentation description and which tables could fit into the types of fragmentations.
When considering fragmentation, it is important to note that the data fragmentation must following three rules:
· Completeness;
· Reconstruction;
· Disjointedness.



[bookmark: _Toc35884536]Section 2.2 – Horizontal Fragmentation

Horizontal Fragmentation is a relation that is partitioned into a set of sub-relations, each of which have a subset of the tuples (rows). [2]
Horizontal fragmentation groups the rows of the table together based on the values contained in one of more fields. This type of fragmentaiton should ensure that all fragmented tables have the same number of columns and column names. 
When looking at Shape Up Gyms and the data tables, one of the first tables that lends it self to horizontal fragmentation easily is the Gym table. This is because the table can be split on the City ID, allowing gyms in the city to see which gyms are in their areas with their address to enable customers to access other local gyms should they need to.
[image: ]
Figure 12 - View of Gym Table
This table can be split into the individual gym, using the “GymID” number in column two. This would allow each gym to have immediate access to their own members, but with access to other tables on other sites as and when out of area visitors attend their gyms.	Comment by Kemi Ademoye: Okay, but I think you mean to say CityCode. Also this needs to be based on the regional grouping of cities to fulfil the requirement to distribute the data regionally. 
Using the horizontal split, the new tables could look like the tables below (only showing Gym ID C00001 to C00003): 
[image: ]
Figure 13 – City ID C00001 (C1)
[image: ]
Figure 14 - City ID C00002 (C2)
[image: ]
Figure 15 - City ID C00003 (C3)
With horizontal fragmentation there is a need to ensure that the data is complete, ensuring that each row of the table appears in one of the fragments. When reconstructing the fragments to form the table use the union command, in this instance it would be:
Original City Relation =   . . .

[bookmark: _Toc35884537][bookmark: _Hlk35161050]Section 2.3 – Vertical Fragmentation

Vertical Fragmentation is where each sub-relation is defined on a subset of the attributes (columns) of the original data. [2]
This means that the columns of the dataset are grouped together to form fragments, each group should contain the primary key field(s) to aid the reconstruction of the data if required. This type of fragmentation can help with privacy and security of data as it only allows access to the new tables for those that require the information. 
When looking at Shape Up Gyms and the data tables, the table that lends it self to a vertical fragmentation easily is the Purchase table. This is because the table can be split to provide information to the gym itself and provide separate information to any sales or finance teams.	Comment by Kemi Ademoye: Okay
[image: ]
Figure 16 – View of the Purchase Table
[image: ]
Figure 17 - Vertical split showing valid membership (for gyms use)
[image: ]
Figure 18 - Vertical split showing the purchase data for the sales and finance teams
With vertical fragmentation, as with horizontal fragmentation, there is a need to ensure that the data is complete, ensuring that each attribute (column) of the table appears in one of the fragments, whilst using the same primary key as the primary key in all fragments. When reconstructing the fragments to form the table use the join command, in this instance it would be:
Original Purchase Relation =  p1 ⋈ p2 . . .




[bookmark: _Toc35884538]Section 2.4 – Mixed Fragmentation

Mixed fragmentation is in essence a mixture of both horizontal and vertical fragmentation, thus enabling the table to be split in a variety of ways, depending on the users’ needs.
When looking at Shape Up Gyms and the data tables, the table that lends it self to mixed fragmentation easily is the Customer table. This is because the table can be split vertically on the  bank details and then horizontially on the Gym ID to provide address for the individual gym, if there was an issue.	Comment by Kemi Ademoye: Good and again the gym ID should be selected on a regional basis. Also, remember that when creating vertical fragmentation, with the exception of the PK, columns should appear in just one of the fragments. Thus, put the columns in the site fragment they will most frequently be accessed, they can still be accessed from the other sites too.
[image: ]
Figure 19 - View of Customer Table
Going with the vertical split we could use the Customer table, Finance might not be as concerned about having the address of the customer, but the bank details would be very important, and to help with data protection these details should really only be seen by those that need to see them. The initial split could look as below: 
[image: ]
Figure 20 – Vertical fragmentation for Finance
[image: ]
Figure 21 – Vertical fragmentation for splitting horizontally
Below is the horizontal splitting from the initial vertical fragmentation, that places each customer with the gym databases of the customer (only showing example of gym code G00001 and G00002) below:
[image: ]
Figure 22 - Gym Code G00001
[image: ]
Figure 23 - Gym Code G00002
With mixed fragmentation, as with both horizontal and vertical fragmentation, there is a need to ensure that the data is complete, ensuring that each row and each attribute (column) of the table appears in one of the fragments, whilst using the same primary key as the primary key in the vertical fragments. When reconstructing the fragments to form the table use theboth the union and join command, in this instance it would be:
Original Customer Relation =  CU1 ⋈ (CU21 ∪ CU22 ∪ CU23 . . .)


[bookmark: _Toc35884539]Section 2.5 – Derived Fragmentation

Derived fragmentation is the also known as derived horizontal fragmentation and is the partitioning of a relation that results from predicates being defined on another relation. [2]
In this instance the customer table is the parent of the purchase table and so it would make sense to have the partitions or fragmentation of the purchase table that relate to the customer to be kept in the same, ie at the gym level.	Comment by Kemi Ademoye: Okay, but this table also includes some payment information.
If the customer table had been fragmented by gym code then the purchase table should also be partitioned in the same way. It would create the following table for customers
Cu1: σGymID = G00001 (Customer)
[image: ]
Figure 24 - Parent horizontal derived table
The corresponding purcahse table would be:
P1: P⊳customerID Cu1 (Cu1 is a horizontal fragment GymID = G00001)
[image: ]
Figure 25 - Child horizontal derived table






[bookmark: _Toc532819645][bookmark: _Toc35884540]Section 3 – Conclusion

Whilst looking at the two solutions for the Shape Up Gym, it became evident that there would be some benefits to be had.
First benefit is using secondary indexes to help with the performance of the databases. With simple regular queries, they can help cut timings by over 50%, this does however decrease to about 36% with a more complicated query. So, consideration does need to be made when choosing suitable attributes (columns) for placing secondary indexes.
Secondly using fragmentation would certainly help each gym to manage and look after their own members details, without having to access a large central database. This could also mean that there could be more confidentiality and security around the members details as they would not be able to be inadvertently accessed by other gyms in error.
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                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills 

	
	

	[bookmark: feedbackRIL]
	[bookmark: totalRIL]
	[bookmark: markRIL]

	
	
	

	2. Knowledge and Understanding Skills

	
	

	[bookmark: feedbackKUS]A very good range of queries to create sample data for the database has been provided with additional, appropriate queries to test the constraints added to the tables. Small comment: you only need to specify the Use "Database_Name" command once at the top of the file. A good attempt at the required transaction to purchase a new membership but there is room for improvement. The logic is not quite correct. It requires an IF statement to check for any existing active statements and it is missing the command to update the customers details. Both the INSERT and UPDATE to be executed as part of the same transaction group. (Grade mark: 76.00%)
	[bookmark: totalKUS]25
	[bookmark: markKUS]19

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	[bookmark: feedbackANA]A very good analysis of the case study. While you have provided detailed analysis and testing of the effect of indexes, you have not provided the most important information - what columns are you indexing in what table. You have also not included this in the SQL file either and you were asked to do this. Overall, a very good distributed solution has been proposed. You have, however, not specified what tables are being replicated and why. See you report for some additional comments. (Grade mark: 73.33%)
	[bookmark: totalANA]30
	[bookmark: markANA]22

	
	
	

	4. Practical Application Skills

	
	

	[bookmark: feedbackPAD]A very good attempt. Just some minor comments. Note the difference between the CHAR and VARCHAR types. CHAR is for fixed length string e.g. your student number, while VARCHAR is for varying string lengths e.g. names. For example, consider using CHAR for your PK columns, bank account numbers, and sort code as these are fixed length strings. DurationQty in MembershipType should be an integer and not decimal as this is more efficient. If your intention was to allow fractional values, then specify the precision to improve storage efficiency. MonthlyPaymentDay in MembershipPurchase would have been better as an integer to store the day i.e. 1 to 31 to indicate the direct debit payment day. (Grade mark: 85.00%)
	[bookmark: totalPAD]40
	[bookmark: markPAD]34

	
	
	

	5. Transferable Skills for Life and Professional Practice 

	
	

	[bookmark: feedbackSPP]The report is well-written and presented. (Grade mark: 80.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]4

	
	
	



	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]79%

	
	Up to 1 week late (40% Max)
	[bookmark: fourWeeksLate]
	

	
	Over 1 week late (0%)
	[bookmark: firstAttempt]
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