Abstract:
	This report mainly introduces a more feasible solution for Eco Bike Hubs. It is introduced from the aspects of relational mode, performance optimization, business problem processing, and distributed solutions.
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1. SQL vs. NoSQL
NoSQL, refers to a non-relational database. NoSQL is sometimes referred to as the abbreviation of Not Only SQL. It is a general term for database management systems that are different from traditional relational databases. It has the characteristics of non-relational, distributed, database design patterns that do not provide ACID.

NoSQL is used for storage of very large scale data. (eg Google or Facebook collect terabits of data per day for their users). These types of data stores do not require a fixed schema and can be scaled out without redundant operations.

SQL relational databases are suitable for storing structured data
Such as the user's account, address, etc.:
1) These data usually require structured queries, such as joins. At this time, relational databases will prevail
2) The scale and growth rate of these data are usually expected
3) Ensure the transactional and consistency requirements of data.

NoSQL is suitable for storing unstructured data
Such as tweeting, articles, comments:
1) These data are often used for obfuscation, such as full-text search, machine learning
2) These data are massive, and the growth rate is unpredictable,
3) Depending on the characteristics of the data, NoSQL databases usually have infinite (at least near) scalability
4) It is very efficient to obtain data by key, but the support for join or other structured queries is relatively poor

Many large Internet projects currently use a combination of MySQL (or any relational database) + NoSQL.

The main difference between non-relational data models and traditional models is that non-relational models are designed to process massive amounts of data in one second, with relatively low consistency requirements. As a result, it relaxes the ACID constraints provided by many relational database systems in exchange for improved performance
2. Performance Tuning
2.1 Secondary Indexes
The role and disadvantages of the index
  Effect:
    ①By creating an index, the performance of the system can be improved during the query process
    ②By creating a unique index, the uniqueness of each row of data in the database table can be guaranteed
    ③When using grouping and sorting clauses for data retrieval, you can reduce the time of grouping and sorting in the query

  Shortcoming:
    ①It takes time to create and maintain indexes, and the time increases as the amount of data increases
    ②The index needs to take up physical space. If you want to build a clustered index, the space required will be larger
    ③It takes more time to add, delete and modify the data in the table, because the index is also dynamically maintained
2.2 Scenarios
Scenarios where the index should be created
    ①On the column that often needs to be searched
    ②On the column as the primary key
    ③It is often used on connected columns. These columns are mainly foreign keys, which can speed up the connection
    ④ On the column that often needs to be searched according to the scope
    ⑤ On the columns that often need to be sorted
    ⑥ Often used in the column above the where clause

  Scenarios that should not be indexed
    ① Columns that are rarely used in the query
    ②For those columns with few data values. For example, the gender column in the data table, the bit data type column
    ③For those columns defined as text and image. Because the amount of data in these columns is quite large
    ④ When the modification performance requirements are far greater than the search performance. Because when the index is increased, the search performance will be improved, but the modification performance will be reduced.
To achieve higher performance,I deceide to choose  car_id, customer_id and staff_id as secondary index.
From er model below, we can see staff table, customer table and car table are the three most closely related to other tables. It means these three tables will be frequently joined with other tables. If we use these three columns as secondary indexs, it will greatly accelerate the connection between the table and the table.
 [image: ]
3. Transaction
3.1 Solution For a
Because customers send the bicycle to our workshop to be repaired. When the car can be picked up is generally determined by the robot. If the user does not specify any date deadline, we will set the deadline based on statistical probability, most people expect the repair work to be completed within a week, so we usually set it to three days after the repair start date.

3.2 Solution For b
Our customers want to book bicycle. Firstly, we should know if our customers care about the type of cars and the bill. If they just want book a specified car with a unique id. We should query the car’s all busy time. And then we test if their book time is in any scope between the result’s rental time and the result’s return time. It is obviously that if result set is empty, anyone can book it. Meanwhile, if the input date is not available, our customers can decide according our result which declare a car’s busy time, any time not in the result is fine.
If our customers just want to book bicycle without any other requirements on bicycle. We should first query all bicycle whose status if free and the owner is shop from table car.

4.Distributed Database Solution
4.1 Introduction
Good performance is by design in the first place.
Although the implementation details of different distributed databases are somewhat different, for business, the issues to be considered when splitting tables are basically the same.
 
Question 1: By what dimension is it split?
 
First, sort out the business characteristics. The current experience is that OLTP-type business is more suitable for distributed splitting. What other business scenarios can be subdivided into which are important? Which ones have high performance requirements? Which are secondary? Which ones are not very demanding on impact. What are front-end businesses? What are the back-end businesses?
Generally speaking, user-oriented front-end services are more important and require high performance. The front-end business has a large number of visits, and the performance is poor, the user experience is not good, and it may be lost. Back-end tasks have low access volume, large amount of data processed, and performance can be slower. Most of the users are insiders, and the tolerance can be higher.
 
Second, the most important scenarios are given priority. If a split design can meet the needs of all scenarios, it is naturally the best. But in practice it is often unrealistic. The final split design prioritizes the most important scenarios.
 
For the same data, different users may have different query dimensions. To play the advantages of horizontal split, the premise is that the split key can be brought when accessing the data. Split keys have corresponding business meanings. It is usually difficult for a split key to contain business meanings of two or more dimensions. For a transaction table, in order to take care of the buyer's performance, horizontal splitting is done by buyer ID, and the seller will inevitably query all shards according to the seller ID, and the performance is not the best. Similarly, checking by transaction ID also faces the same problem.
 
There is a workaround here. In the field data design, the transaction ID can be intrinsically linked with the buyer ID, and the application can be changed in SQL to solve the transaction ID query performance problem. For example, the split function RANGE_HASH of DRDS solves this scenario very well.
Querying this scenario based on the seller ID is not easy to work around. It can only be solved by the global index.
According to the business, the different tables (or schemas) of the business are divided into different databases (hosts).
A database consists of many tables, each of which corresponds to a different business. Vertical segmentation refers to classifying tables according to business and distributing them to different databases, thus sharing data or pressure on different databases. . According to the coupling between business modules, the vertical segmentation rules are formulated. The idea of implementation is relatively clear and easy to carry out.

An application system with a well-designed architecture must have its overall function composed of many functional modules, and the data required by each functional module corresponds to one or more tables in the database. In the framework design, the more unified the interaction points between each functional module, the lower the coupling degree of the system, and the better the maintainability and scalability of each module of the system. Such a system makes it easier to achieve vertical segmentation of data.
However, it is often difficult for some tables in the system to be completely independent. There is such a situation of expanding database joins. For such tables, it is necessary to do a balance. Whether the database allows the business to share a data source, or is divided into multiple databases, business Calls are made through the interface. In the initial stage of the system, when the amount of data is relatively small or resources are limited, a shared data source will be selected, but when the data develops to a certain scale and the load is heavy, it must be divided. Generally speaking, it is difficult to segment a business with complex join scenarios. How to segment and to what extent is a difficult problem to test the technical architecture.

Vertical Slicing Advantages:
        After the split, the business is clear and the split rules are clear
        Easy integration or expansion between systems
        Simple data maintenance
Disadvantages of vertical segmentation:
        Some business tables cannot be joined and can only be solved through interfaces, which increases the system complexity.
        Due to the different limitations of each business, there is a single-database performance bottleneck, which is not easy to expand data and improve performance.
        Transaction processing is complex.

Since vertical segmentation is to distribute tables into different databases according to business classification, some business tables will be too large, and there will be bottlenecks in reading, writing and storage of a single database, so horizontal splitting is needed to solve the problem.

Horizontal (horizontal) segmentation;
       According to the logical relationship of the data in the table, the data in the same table is divided into multiple databases (hosts) according to certain conditions.
       Compared with vertical splitting, horizontal splitting does not classify tables, but distributes them into multiple libraries according to certain rules of a field, and each table contains a part of data. In simple terms, we can understand the horizontal segmentation of data as the segmentation of data rows, that is, some rows in the table are divided into one database, and some other rows are divided into other databases. .

       Splitting data requires defining sharding rules. A relational database is a two-dimensional model of rows and columns, and the first principle of splitting is to find the splitting dimension. For example: from the perspective of members, in the merchant order transaction system to query a member for a certain order of a certain day and month, then it needs to be split according to the member's combined date, and different data are grouped according to the member ID, so that all data query The join will be solved in a single database; from the perspective of a merchant, if you want to query the number of all orders of a certain merchant on a certain day, you need to split it according to the merchant ID; but if the system wants to split by member, but also by member It will be difficult to split the business data. How to find suitable sharding rules needs to be considered comprehensively.

 Several typical sharding rules include:
     According to the user ID, the data is distributed to different databases, and the data of users with the same data are distributed into one database.
     According to the date, the data of different months or even days are scattered into different libraries.
     Modulo by a specific field, or spread to different libraries based on a specific range segment.

Horizontal split advantages:
  The splitting rules are abstracted well, and the join operation can basically be done by the database.
  There is no single database big data, high concurrency performance bottleneck.
  There is less modification on the application side.
  Improve the stability and load capacity of the system.
Disadvantages of horizontal split:
  Splitting rules are hard to abstract.
  Shard transaction consistency is difficult to solve.
  It is difficult to expand the data multiple times and maintain a large scale.
  Poor performance of cross-database joins
4.2 Solution
To sovle question i, we need to recognize what is horizontal fragmentation.
Its core concept is dedicated library. Before the split, a database was composed of multiple data tables, and each table corresponds to a different business. After the split, the tables are classified according to the business and distributed to different databases, thereby distributing the pressure to different databases.
Considering we may have many shop, we assume that we have two shops, one called shop1, and another one shop2. Shop1 has two workshops called w11 and w12. Shop2 has one workshop called w21. For shop1, its database can just store its shop’s information and never care about what happened in shop2 util shop2 apply for help scheduling parts.
We can apply this idea to all tables that have a shop_id column to achieve horizontal fragmentation.
So how we do it? We split table into a lot of parts according to the value of shop_id. Assuming that we have shop_id from 1 to 4.We can split the original tables into four child tables. They store the information of 1, 2, 3, 4 shop respectively.
It no longer classifies data according to business logic, but distributes the data to multiple databases or tables according to a certain rule through a certain field (or certain fields), and each fragmentation contains only a part of the data. Horizontal fragmentation theoretically breaks through the bottleneck of single-machine data processing and is relatively free to expand. It is a standard solution for data fragmentation.

Concept: 
Based on the field, according to the activity of the field, the fields in the table are split into different tables (main table and extended table).
Result:
The structure of each table is different;
The data of each table is different. Generally speaking, the fields of each table have at least one column of intersection, usually the primary key, which is used to associate data;
The union of all tables is the full amount of data.

Scenario: 
The absolute concurrency of the system has not come up. There are not many records in the table, but there are many fields, and hot data and non-hot data are together. The storage space required for a single row of data is large, so that the number of data rows cached in the database is reduced. Going back to read the disk data during the query generates a large amount of random read IO, resulting in an IO bottleneck.
Analysis: 
You can use the list page and the details page to help understand. The principle of splitting the vertical table is to put the hot data (data that may be frequently queried) together as the main table, and put the non-hot data together as the extended table, so that more hot data can be cached, thereby reducing Random read IO.
Vertical Fragmentation，for example, in customer table, we always need column id and name, we servely use the other columns. So we can split it into two parts.
One is (id,name), Another one is (id,address,phone,postcode)
When we want to use the information in the later table, we can connect them by id. Experience tell us that we will use it less frequently than the former table. Thus, it can speed up our queries.
Vertical fragmentation often requires adjustments to the architecture and design. Generally speaking, it is too late to respond to the rapid changes in Internet business requirements; moreover, it cannot really solve the single-point bottleneck. Vertical splitting can alleviate the problems caused by the amount of data and visits, but it cannot be cured. If after vertical splitting, the amount of data in the table still exceeds the threshold that a single node can carry, horizontal splitting is required for further processing.

For horizontal fragmentation, you can use and operate to reconstruct global relationships; for vertical fragmentation, you can use join operations to reconstruct global relationships.


References
[1]Ali, W., Shafique, M. U., Majeed, M. A. and Raza, A. (2019) “Comparison between SQL and NoSQL Databases and Their Relationship with Big Data Analytics”, Asian Journal of Research in Computer Science, 4(2), pp. 1-10. doi: 10.9734/ajrcos/2019/v4i230108.
[2] M. Tamer Ozsu. 2007. Principles of Distributed Database Systems (3rd. ed.). Prentice Hall Press, USA.
image1.png
5 roos ot

;mu

cswmezc)

P e

pera

2 uson

s )

s e—

R

cumomer o o
st a o

g e

g e i)
gm0

[

oo oot
o





