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In recent years, the data storage and operation of e-commerce platforms are occupied by the relational database. However, the rapid development of Internet technology is accompanied by the growth of massive data, and the massive data makes the data processing methods and processing speed, etc.(Liu and Ma 2022) have undergone great changes, and e-commerce websites have received a huge impact of big data, and the traditional relational database has been somewhat overwhelmed in the face of massive data storage queries. For the shortage of traditional relational databases in modern e-commerce platform applications, this paper will focus on the work of non-relational databases and analyze the feasibility of this approach.
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[bookmark: _Toc124985593]1.1 NoSQL Introduction
NoSQL (NoSQL=Not Only SQL), meaning "not only SQL", is a new revolutionary movement in a database, also known as a non-relational database. It does not support the ACID attribute in traditional relational databases but can guarantee the BASE attribute of the database, and usually has strong horizontal scalability. In the field of NoSQL non-relational database mainly contains the following four categories.
1、Key-Value storage database
The advantage of the Key-Value storage structure is that it is simple, easy to deploy, has better read and write performance than relational data storage, can meet the requirements of large data storage and high concurrency, and is ideal for business data that does not involve too many data relationships. NoSQL databases with Key-Value storage mainly include Redis, Oracle BDB, Cabine/Tyrant, etc.
2、Column storage database
Column storage database is a column-related storage architecture for data storage, in the data query that only read the required columns from the disk without reading invalid data, which greatly reduces the system IO overhead while improving the efficiency of each IO. The main characteristics of a column database are fast lookup speed, and scalability, mainly suitable for batch data processing and instant query. The main NoSQL databases with column data storage are BigTable, Cassandra, Hbase, etc.
3、Document database
The document-based database is a collection of documents, and there is no hierarchy between these documents, stored in a specific format, such as JSON and XML. document database and key-value database are similar, but it allows nested keys between them. And document-based databases are more efficient than key-value databases for querying.
At present, the mainstream document-based NoSQL database mainly includes MongoDB, CouchDB, SequoiaDB, etc.
4、Graphical database
A graphical database is also a non-relational database, which applies graphical theory to store the relationship information between entities, and its unique design is used to make up for the defects of a relational database in storing relational data with complex and slow queries.(Han and Zhang 2018) At present, the mainstream graph databases are Neo4J, InfoGrid, and Infinite Graph.
The continuous development of NoSQL technology makes more and more companies join the NoSQL camp, and there are dozens of NoSQL databases in the market, and they are related to each other.
[bookmark: _Toc124985594]1.2 Features of NoSQL Database Systems
There are many kinds of NoSQL databases, which can be divided into document storage, columnar storage, key-value storage, graphical storage, etc. They are written in C/C++, JAVA, and Erlang, each with its unique features, but they usually have the following common features.
1、 Good horizontal scalability
NoSQL database systems all eschew the relational nature of relational databases. For data that is not interconnected, scaling becomes easier. When the volume of system application data keeps growing to a certain level, the system can be expanded horizontally by simply adding more hardware equipment resources, which greatly enhances the scalability of the system while ensuring the normal use of the system application.
2、 Replication and Partitioning Capability
Most NoSQL databases support automatic replication and automatic partitioning. They are often deployed in multiple computer devices using clusters, and the automatic replication and partitioning capabilities allow them to automatically distribute data across multiple servers. The replication and partitioning features provide reliable assurance of system reliability and horizontal scalability.
3、 Weak transaction model
Traditional relational databases require a strict ACID transaction mechanism, which is a good guarantee of effective transactions. NoSQL databases generally support a weak transaction model for final consistency in transactions, which can greatly improve the concurrent read and write capability of the system.
4、 Flexible data model
For the traditional relational database, before adding data to the table to pre-define the data structure of the table, define the fields needed in the table. If the volume of data is large, it will be very troublesome to add fields to the relational database. NoSQL database generally has a flexible data storage structure, with no need to define data fields in advance, and the data model is very flexible, which enhances the data storage capacity.
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In recent years, with the rapid development of Internet technology, Web 2.0 websites have developed rapidly, producing a large number of forums, blogs, wikis, and other types of Web sites, which are user-driven, pay more attention to user interaction and generate different content for different users. Each user on the Internet is no longer just a reader of the Internet but has also become an author of Internet content. Everyone uses smart terminals to take pictures and videos and has location information that is being uploaded all the time, thus creating Internet information more actively. In the field of scientific research, many disciplines are also entering the era of big data. For example, in the field of physics, some research institutes generate tens of terabytes of data per second about the Large Hadron Collider,(Di Meglio and Manca 2017) and many fields are relying more on the use of big data methods, with sensors, cameras, and other devices often deployed all over the city to collect data without stopping. This has resulted in the rapid growth of data in today's era, and many business units have accumulated huge amounts of data. The relational database has encountered many difficulties in facing such problems:
1. High concurrency read and write requirements in the case of massive data: In the case of a certain size of data, the database load will be very high in the face of high concurrency read and write, prone to deadlock problems, as well as disk IO performance problems, resulting in a decline in read and write speed;
2. Scalability and availability are not high: because the relational database has a strict relational model when dealing with complex requests, operations such as multi-table union, which leads to the database's difficult to expand performance by simply adding service nodes, must be upgraded through the downtime of the database;
3. Difficult to deal with unstructured data: difficult to achieve efficient storage and access. A relational database is mainly used to deal with structured data, and the table structure has to be defined in advance before data storage. But in the era of big data, it is often faced with a large amount of semi-structured and unstructured data, which is difficult for relational databases to handle.
As the performance of a single machine has certain limitations in computing, storage, IO, etc., when the data volume is large to a certain extent, although the corresponding pressure can be relieved to a certain extent by replacing the hardware with higher-end configuration, the high cost is something that cannot be ignored. And no matter how well configured the machine is, there will be its ceiling, so you must seek ways to improve performance by increasing the machine. For example, the use of horizontal scaling R, using multiple machines to share the pressure. You can also consider data slicing, using sharding technology to solve the problem. Slicing refers to the abstraction process on top of the concrete implementation of the database and is a Scale-Out (horizontal scaling) solution. Data slicing can be divided into vertical (vertical) slicing and horizontal (horizontal) slicing. Vertical splitting is to split the database into different libraries according to different functional modules, and the table structure of data in different libraries is not the same. Horizontal splitting is to save the data in the same table into multiple databases with the same table structure. The principle of implementation is to distribute the data horizontally to different tables through the defined splitting rules, and then find the needed tables for query through the corresponding routing rules.
In the era of Big Data, the demand for strong consistency has been reduced in many scenarios, and the pursuit of performance and data volume has led to the creation of NoSQL (Not Only SQL) databases, which put scalability in the first place and relatively reduce the status of high availability or consistency, which is a huge difference from the relational model.
In NoSQL, represented by Google's BigTable and Amazon's Dynamo, BigTable is a distributed structured data storage system designed by Google to cope with its huge amount of data. BigTable does not support a full relational data model,(Ji et al. 2012) its data does not have a schema, and the storage model is a distributed multi-dimensional sorted Key-Value model, where Value is an unresolved byte array. Many of Google's products are stored in BigTable, and its scalability, high performance, and high availability have been well-proven.(Phaphoom et al. 2013)
BigTable is a representative of the MapReduce model, which divides large-scale operations on massive amounts of data into Map and Reduce, where the Map process distributes operations to different nodes in the network, and the Reduce process summarizes the status information reported by each node regularly. In essence, the Map process converts the input data into Key-Values, while the Reduce process merges Key-Value pairs into the final output data.
Amazon has designed Dynamo, a highly available distributed Key-Value storage platform, with a single-point-less, always-writable, completely decentralized design that makes it well available. dynamo uses consistent hashing with virtual nodes to solve the scaling-up or scaling-down problem, and virtual nodes to solve the heterogeneity of machines to ensure its scalability. dynamo uses vector clocks to handle version merging, and the data is replicated in multiple copies to have high reliability.
Compared with relational databases, NoSQL can increase the serviceability rudder by adding service nodes in the case of large data volumes. Only with B plus NCOI also right its problems. NoSQL can store custom data formats by defining specific fields.
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We create two tables, the assets table and the users table.
User table: name, address, phone, input_date;
Asset table: tritle, author, type, publisher, publish_date, price, stock_price, blob;
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Method 1: With the help of query SQL execution order, WHERE is executed first and then GROUP BY is executed, that is, the first SQL execution order is executed first after the execution of where parent_id and then after the execution of group by dept_code, the order is consistent with the index order, type level is ref, the number of rows scanned is 4; while the second SQL is executed first after the dept_code of where and then after the parent_id of a group by, the order is inconsistent with the order of index, the type level is index, and the number of rows scanned is 19.
From the interpretation of the results, the first SQL index utilization is higher than the second. (As will be discussed later: index type from best to worst: System->const->eq_ref->ref->ref_or_null->index_merge ->unique_subquery->index_subquery->range->index->all.)
Method 2: Avoid SELECT * and query only the required fields. small table drives a large table, that is, a small data set drive a large data set: when the data set of table B is smaller than table A, optimize in within exist, the order of execution of the two tables is to check table B first and then table A query statement: SELECT * FROM tb_dept WHERE id in (SELECT id FROM tb_dept); when the data set of table A is smaller than table B, optimize in with existing optimization in, the order of execution of the two tables is to check the A table first, then the B table, query statement: SELECT * FROM A WHERE EXISTS (SELECT id FROM B WHERE A.id = B.ID); try to use join instead of a subquery, because when using join, MySQL will not create temporary tables in memory.
Method 3: Use the smallest data type that can hold the data. Try to use tinyint, smallint, and mediumint as integer types instead of int. Use not null to define the field if possible, because null takes up 4 bytes of space. Numbers can default to 0 and strings to "
Use text type as little as possible, and if you have to use it, it is better to have a separate table. Try to use timestamp instead of DateTime.
Don't have too many fields in a single table, it is recommended to have less than 20 fields.
Method 5: Beware of "permanent links" The purpose of "permanent links" is to reduce the number of times a MySQL link is recreated. When a link is created, it stays connected forever, even after the database operation has finished. Also, since our Apache started reusing its child processes - that is, the next HTTP request will reuse Apache's child processes and reuse the same MySQL link. In theory, this sounds very good. But from personal experience (and most people's), this feature creates a lot more hassle. Because, you only have a limited number of links, memory issues, number of file handles, etc. Also, Apache runs in an extremely parallel environment, creating many, many processes. That's why this "persistent linking" mechanism doesn't work well. Before you decide to use "persistent linking", you need to think about the architecture of your entire system.
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We can be used for two servers, one of the machines used for adding, deleting, and changing, the other machine used for query, to prevent the separation of read and write (i.e. publish-subscribe) information has a difference, you can make a choice, that is, the current date of a week (time depending on the date of publication and subscription because the subscription is automatically set time, such as continuous subscription or subscription in a certain period) within the data query in the published machine and data before one week from the current date is run on the subscribed machine.
Create a temporary (publish) DB and an extension (subscribe) DB, when you want to insert data in the database, insert it into the temporary DB, the temporary DB publish data, and the extension DB subscribe to this data (the table of subscription can be determined according to the fluctuation of data volume in the table, the small amplitude does not need to subscribe).  Note: The temporary DB and all the data (metadata, such as is suitable, action table...) in the extension DB are consistent, except for some specific tables (tables with large amplitude, published tables), to sacrifice the hard disk space of the extension machine for the memory space and efficiency at runtime.
When DB1 reaches the split line, DB2 is created; when DB2 reaches the split line, DB3 is created ...... (if DB2 or some machines are found later). If you find that the data access of extension DB1 or some machines is not much, you can combine these DBs into 1). When creating DB2, you can delete the same data in the temporary DB as DB1 (delete the data in the temporary DB that has been published and subscribed by the extension DB. Note: If this scheme is executed, firstly, you need to verify whether the deleted data have all been subscribed successfully, and secondly, the real-time nature of the publishing subscription, whether the data of the extension DB is also deleted when the temporary DB data is deleted, and you need to check whether you need to temporarily cancel the publishing subscription mechanism when executing this operation)
In the database access layer configure the database and table correspondence, that is, according to the split line of the table that needs to be operated to decide the data in that extension DB, while configuring the corresponding connection string.
Other: database distributed development and splitting library and table (Sharding), the basic idea of Sharding is to cut a database into multiple parts on different databases (server), to alleviate the performance problems of a single database. For massive data databases, you can use vertical sharding, that is, the closely related (such as the same module) table sharding out on a server. If each table has a lot of data, it is suitable for horizontal sharding, i.e., sharding the table data to multiple databases (servers) according to some rules (e.g., hashing by ID).
Summary: Compared with sharding, publish subscription is to sacrifice physical storage space for query execution speed, and in comparison, it may be more difficult to maintain for publish subscription. For example, if the Metadata in each extension DB is duplicated, if the Name of a data in one of the tables (IssueType) has changed, we need to write scripts to execute updates on the names of all the extension DBs (here we don't use publish subscription to ensure the uniformity of the metadata of the extension DBs because if there are too many extension DBs There is no way to guarantee their real-time performance if there are too many DBs). Sharding is based on the association between some tables, so there is no duplication of Metadata, and each library is independent of the data, but when querying, it may join to multiple databases or multiple servers, which greatly reduces the efficiency of querying.
Architecture optimization: common optimization means are: distributed cache, read-write separation, split library, and split table.
Distributed caching: The introduction of distributed caching middleware such as Redis requires consideration of cache consistency, i.e. whether the data in the cache can be synchronized and updated on time if the DB data changes; it also requires dealing with extreme situations such as cache penetration, cache breakdown, and cache avalanche.
Read-write separation: commonly used in the application scenario of more reading and less writing, by increasing the database server nodes, forming a master-multi-slave architecture, the master is responsible for accepting write requests, and the slave is responsible for accepting read (query) requests. Between master and slave, data is synchronized through binlog. When preparing to implement read-write separation, the master-slave architecture will have potential master-slave inconsistency problems to ensure high availability and the need to achieve automatic failover.(Wang and Bruch Jr 1994)
The principle of slicing: can not be divided, refer to the single table optimization, the number of slices as few as possible, slices as evenly distributed in multiple data nodes, because a query SQL across more slices, the worse the overall performance, although better than all the data in a slice of the results, only when necessary to expand the number of slices.
Slicing rules need to be carefully selected for planning, the choice of slicing rules needs to consider the growth pattern of data, data access patterns, slicing relevance issues, and slicing expansion issues, the recent slicing strategy for the range of slicing, enumeration slicing, consistent Hash slicing, these kinds of slicing are conducive to expansion. Try not to span multiple slices of SQL in a transaction, distributed transactions have always been a bad problem to deal with.
Try to optimize the query conditions, and try to avoid the Select * way, a large number of data result sets will consume a lot of bandwidth and CPU resources, the query tries to avoid returning a large number of result sets, and try to build indexes for the frequently used query statements.
Reduce the possibility of cross-library joins through data redundancy and table partitioning. Special emphasis is placed here on the selection of partitioning rules if the data of a table has. Obvious temporal characteristics, such as orders, transaction records, etc., are usually more appropriate to use the time range of slicing, because data with temporal, we tend to focus on its recent data, query conditions are often filtered with a time field, a better solution is that the currently active data, using a relatively short span of the period for slicing, while the historical data, using a longer span of storage.
Overall, the choice of slicing is dependent on the conditions of the most frequent query SQL, because the query SQL without anywhere statement, which traverses all the slices, has the relatively worst performance, so the more such SQL there is, the greater the impact on the system, so we should try to avoid such SQL.
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