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HYBRID DATABASE IMPLEMENTATIONS 

 

TECHNICAL FIELD 

[0001] The following disclosure generally relates to database implementations, and more 

specifically, to methods and systems related to implementations of a hybrid database. 

BACKGROUND 

[0002] A database is a structured collection of data that is organized and stored in a systematic 

manner. It serves as a central repository for storing and managing various types of information, 

such as text, numbers, images, and more. Databases are designed to store and retrieve data, 

providing a structured approach to data management. 

SUMMARY 

[0003] Databases are often categorized into two types: centralized (or stand-alone) databases 

and distributed databases. Distributed databases can offer improved fault tolerance and stronger 

horizontal scalability compared to centralized databases. However, an optimal choice between the 

two depends on enterprise scale. Large enterprises require a complex network of distributed 

database nodes to handle a significant amount of data. Conversely, small or startup companies 

with lower workloads can meet their needs with a stand-alone database. Mainstream distributed 

databases often overlook the performance needs of small and medium-sized enterprises when it 

comes to stand-alone databases, resulting in potentially inferior performance for distributed 

databases in small-scale environments due to their intricate internal architecture. If users opt for a 

stand-alone database to avoid such issues, they may face the challenge of frequent data migration 

or even database replacement as their enterprise grows. Consequently, small and medium-sized 

enterprises face a dilemma when choosing between a centralized database and a distributed 

database. 

[0004] With reference to some implementations of the present disclosure, described below is 

a scalable architecture that integrates stand-alone and distributed databases, catering to enterprises 

of varying sizes, including large, medium, and small enterprises. This architecture enables elastic 

scalability and seamless transitions between stand-alone and distributed database services while 

maintaining optimal performance. 

[0005] In a general aspect, a system performs a method that includes: receiving a first 

transaction, wherein the system is configured as a hybrid database to dynamically switch between 

a stand-alone mode and a distributed mode; determining whether the first transaction is a stand-

alone type of transaction or a distributed type of transaction; and in response to determining that 
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the first transaction is a stand-alone type of transaction, performing one or more operations of the 

first transaction in the stand-alone mode; or in response to determining that the first transaction is 

a distributed type of transaction, performing one or more operations of the first transaction in the 

distributed mode. Particular implementations may include one or more of the following features. 

[0006] In some implementations, performing the one or more operations of the first transaction 

in the stand-alone mode includes: performing, using a one-phase commit method, the one or more 

operations of the first transaction. Performing the one or more operations of the first transaction in 

the distributed mode includes: performing, using a two-phase commit method, the one or more 

operations of the first transaction. 

[0007] In some implementations, performing the one or more operations of the first transaction 

in the stand-alone mode, includes: determining that the first transaction is associated with a single 

log stream; and in response to determining that the first transaction is associated with a single log 

stream, performing, based on a local timestamp service, the one or more operations of the first 

transaction by a node of the system. 

[0008] In some implementations, performing, based on the local timestamp service, the one or 

more operations of the first transaction by a node of the system, includes: obtaining a transaction 

version number of the first transaction using the local timestamp service; and performing, based 

on the transaction version number, the one or more operations by the node. 

[0009] In some implementations, obtaining a transaction version number of the first 

transaction using the local timestamp service, includes: obtaining the transaction version number 

of the first transaction using one or more functional calls. 

[0010] In some implementations, performing, by the system, one or more operations of the 

first transaction in the distributed mode, includes: performing, based on a global timestamp 

service, the one or more operations by one or more participating nodes of the first transaction, 

wherein the one or more participating nodes comprise one or more nodes of the system. 

[0011] In some implementations, performing, based on the global timestamp service, the one 

or more operations by one or more participating nodes of the first transaction, includes: obtaining, 

using the global timestamp service, a transaction version number of the first transaction; and 

performing, based on the transaction version number, the one or more operations by the one or 

more participating nodes of the first transaction. 

[0012] In some implementations, obtaining, using the global timestamp service, a transaction 

version number of the first transaction, includes: obtaining, using one or more remote procedure 

calls (RPCs), the transaction version number of the first transaction. 

[0013] Implementations include a system comprising a plurality of computer nodes. The 

system is configured to perform the above-described operations.  
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[0014] Implementations further include an apparatus. The apparatus is configured to perform 

the previously described operations. 

[0015] The details of one or more implementations of the subject matter of this disclosure are 

set forth in the accompanying drawings and the description below. Other features, aspects, and 

advantages of the subject matter will become apparent from the description, the drawings, and the 

claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shows a diagram of an example deployment of a distributed database in a stand-

alone server, in accordance with some implementations of the present disclosure. 

[0017] FIG. 2 shows a block diagram of an example hybrid database, in accordance with some 

implementations of the present disclosure. 

[0018] FIG. 3 shows a granular diagram of example SQL execution, in accordance with some 

implementations of the present disclosure. 

[0019] FIG. 4 shows a schematic diagram of an example SQL engine, according to some 

implementations. 

[0020] FIG. 5 shows a diagram of an example process of transaction processing, in accordance 

with some implementations of the present disclosure. 

[0021] FIG. 6 shows a flowchart of an example process for hybrid database implementation, 

in accordance with some implementations of the present disclosure. 

[0022] FIG. 7 shows a flowchart of an example process for data request processing, in 

accordance with some implementations of the present disclosure. 

[0023] FIG. 8 shows a flowchart of an example process for transaction processing, in 

accordance with some implementations of the present disclosure. 

[0024] FIG. 9 shows a block diagram of example tenants in a hybrid database, in accordance 

with some implementations of the present disclosure. 

[0025] FIG. 10 shows a schematic diagram of an example electronic device, in accordance 

with some implementations of the present disclosure. 

[0026] Like reference numbers and designations in the various drawings indicate like 

elements. 

DETAILED DESCRIPTION 

[0027] FIG. 1 shows a diagram of an example deployment of a distributed database 100 in a 

stand-alone server 116, in accordance with some implementations of the present disclosure. As 

shown, distributed database 100 includes compute nodes 102a and 102b, data nodes 104a and 

104b, global transaction manager (GTM) node 106, and server load balancing (SLB) node 112. 
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Note that distributed database 100 is shown to include two compute nodes and two data nodes for 

illustrative purposes only. In some implementations, distributed database 100 can include any 

suitable number of compute nodes and data nodes. 

[0028] In some implementations, each one of computing nodes 102a and 102b includes 

hardware components such as processors, memories, storage devices, and network interfaces for 

communication. Each one of compute nodes 102a and 102b can further include software 

components, including database management system (DMBS) and related services.  

[0029] In the shown example, compute nodes 102a and 102b includes structured query 

language (SQL) engines 103a and 103b, respectively. Each one of SQL engines 103a and 103b 

can be a software component or system that processes data requests within distributed database 

100. In some implementations, each one of SQL engines 103a and 103b is configured to execute 

SQL queries and manage database operations. In some implementations, each one of SQL engines 

103a and 103b is configured to process SQL queries, optimize their execution, retrieve and 

manipulate data, and ensure the integrity and efficiency of database operations. 

[0030] In some implementations, each one of SQL engines 103a and 103b is configured to 

perform parsing and validation of SQL queries. For example, each one of SQL engines 103a and 

103b can parse SQL statements, check their syntax, and ensure they conform to the rules and 

structures of the SQL language by verifying the existence and validity of database objects, such as 

tables and columns, referenced in the queries.  

[0031] In some implementations, each one of SQL engines 103a and 103b is configured to 

perform query optimization. For example, each one of SQL engines 103a and 103b can analyze 

the structure of the SQL query and generate an optimized execution plan to determine a most 

efficient way to access and retrieve data based on available indexes, statistics, and algorithms. In 

some examples, SQL engines 103a and 103b can rewrite a query to an equivalent but more efficient 

form, for example, by rearranging joins or eliminate unnecessary operations.  SQL engines 103a 

and 103b can examine the available indexes on the tables involve in the query and determine the 

most appropriate indexes to use. SQL engines 103a and 103b can estimate the cost of various 

execution plans and select the one with the lowest cost based on factors such as I/O operations, 

CPU usage, memory requirement, and network latency. If the engine has previously executed the 

same or a similar query, it can reuse the results from the query cache instead of re-executing the 

query. 

[0032] In some implementations, each one of SQL engines 103a and 103b is configured to 

perform data retrieval and manipulation. For example, each one of SQL engines 103a and 103b 

can execute the SQL query against the database once the SQL query is validated and optimized. 

SQL engines 103a and 103b can check the query’s syntax to ensure it conforms to the SQL 
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language rules, for example, by verifying that the query is properly structured and includes the 

necessary keywords, clauses, and punctuation. SQL engines 103a and 103b can perform semantic 

analysis to validate the query against the database scheme, for example, by checking the existence 

of tables and columns referenced in the query, resolving aliases and expression, and verifying the 

compatibility of data types. SQL engines 103a and 103b can enforce access control rules to ensure 

that the user executing the query has the necessary permission to access the requested data, for 

example, by checking the user’s privileges against the database’s security model. Each one of SQL 

engines 103a and 103b can retrieve data from one or more tables based on specified conditions, 

perform any requested calculations or aggregations, and apply sorting or filtering as necessary. 

Each one of SQL engines 103a and 103b can handle operations such as inserting, updating, or 

deleting data based on the provided SQL statements. 

[0033] In some implementations, each one of SQL engines 103a and 103b is configured to 

perform concurrency control and transaction management to ensure data integrity and consistency 

in multi-user environments. For example, each one of SQL engines 103a and 103b can manage 

concurrent transactions, handle locks, and coordinate access to shared resources to prevent 

conflicts and maintain data integrity. 

[0034] In some implementations, each one of SQL engines 103a and 103b is configured to 

perform error handling and logging. For example, each one of SQL engines 103a and 103b can 

capture and report any errors or exceptions that occur during query execution. Each one of SQL 

engines 103a and 103b can generate informative error messages to help diagnose and resolve 

issues. Each one of SQL engines 103a and 103b can log query execution details, including query 

plans, execution time, and resource utilization, for monitoring and troubleshooting purposes. 

[0035] Distributed database 100 further includes data nodes 104a and 104b. In some 

implementations, each one of data nodes 104a and 104b includes hardware components such as 

processors, memories, storage devices, and network interfaces for communication. Each one of 

data nodes 104a and 104b can further include software components, including DMBS and related 

services.  

[0036] In the shown example, data nodes 104a and 104b include storage engines 105a and 

105b, respectively. Each one of storage engines 105a and 105b can be a software component or 

system that stores, retrieves, and manages data within distributed database 100. In some 

implementations, each one of storage engines 105a and 105b is configured to manage the physical 

storage and retrieval of data within distributed database 100. In some examples, each one of storage 

engines 105a and 105b can be configured to handle data storage formats, read and write operations, 

indexing, concurrency control, caching, durability, and recovery. In some implementations, 
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storage engines 105a and 105b work in conjunction with SQL engines 103a and 103b to provide 

efficient and reliable data storage and retrieval capabilities. 

[0037] In some implementations, each one of storage engines 105a and 105b is configured to 

define a data storage format. For example, each one of storage engines 105a and 105b can 

determine how data is structured and stored within distributed database 100. Each one of storage 

engines 105a and 105b can define the physical representation of tables, rows, columns, indexes, 

and other database objects. Each one of storage engines 105a and 105b can handle data 

serialization, compression, and encoding to optimize storage efficiency and minimize disk space 

usage. 

[0038] In some implementations, each one of storage engines 105a and 105b is configured to 

perform read and write operations. For example, each one of storage engines 105a and 105b can 

handle the reading and writing of data to and from storage media. Each one of storage engines 

105a and 105b can translate high-level commands and queries from SQL engines 103a and 103b 

into low-level operations on disk or in memory, including fetching data, inserting, updating, or 

deleting records, and managing data buffers and caches for efficient access. 

[0039] In some implementations, each one of storage engines 105a and 105b is configured to 

perform indexing and search. For example, each one of storage engines 105a and 105b can manage 

indexes, which are data structures that enhance data retrieval speed by providing efficient lookup 

mechanisms. Each one of storage engines 105a and 105b can support various types of indexes, 

such as B-trees or hash indexes, to enable fast searching and retrieval of data based on specified 

criteria. 

[0040] In some implementations, each one of storage engines 105a and 105b is configured to 

perform concurrency control and locking. For example, each one of storage engines 105a and 105b 

can enforce concurrency control mechanisms to ensure data consistency in multi-user 

environments. Each one of storage engines 105a and 105b can handle locks and transactions, 

coordinating access to shared data to prevent conflicts and maintain data integrity. 

[0041] In some implementations, each one of storage engines 105a and 105b is configured to 

perform buffer management and caching. For example, each one of storage engines 105a and 105b 

can maintain data buffers and caches in memory to improve performance. Each one of storage 

engines 105a and 105b can use techniques such as page caching or buffer pools to hold frequently 

accessed data in memory, reducing disk I/O and speeding up read operations. 

[0042] In some implementations, each one of storage engines 105a and 105b is configured to 

perform recovery. For example, each one of storage engines 105a and 105b can implement 

mechanisms for data persistence and recovery in the event of failures to ensure the durability of 

data. Each one of storage engines 105a and 105b can manage transaction logs or write-ahead logs 
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(WALs), allowing the system to restore the database to a consistent state after crashes or power 

outages. 

[0043] In some implementations, each one of storage engines 105a and 105b is configured to 

perform file and file system management. For example, each one of storage engines 105a and 105b 

can interact with the underlying file system to create and manage database files. Each one of 

storage engines 105a and 105b can handle file allocation, space management, and I/O operations, 

including reading and writing data blocks or pages on disk. 

[0044] Distributed database 100 further includes GTM node 106. In some implementations, 

GTM node 106 includes hardware components, such as processors, memories, storage devices, 

network interfaces for communication, and software components for performing operations as 

described herein. As shown, GTM node 106 includes a global-transaction-manager/timestamp-

oracle (GTM/TSO) engine 108 and disk 110. In some implementations, GTM/TSO engine 108 is 

a software component or system that coordinates and manages global transactions across multiple 

database nodes. 

[0045] In some implementations, GTM/TSO engine 108 is configured to perform transaction 

coordination. For example, GTM/TSO engine 108 can initiate, manage, and monitor the execution 

of distributed transactions that involve multiple database nodes. GTM/TSO engine 108 can ensure 

that all participating nodes agree on the outcome of the transaction, either committing or rolling 

back the changes. 

[0046] In some implementations, GTM/TSO engine 108 is configured to perform transaction 

identification. For example, GTM/TSO engine 108 can assign a unique identifier to each global 

transaction. This identifier can be used to track and correlate the transactional operations 

performed on different database nodes, which enables GTM node 106 to maintain a global view 

of the transaction’s progress and state. 

[0047] In some implementations, GTM/TSO engine 108 is configured to employ a commit 

protocol to achieve atomicity across distributed transactions. For example, GTM/TSO engine 108 

can coordinate the agreement between the participating nodes to either commit or abort the 

transaction. GTM/TSO engine 108 can ensure that all nodes are ready to commit before finalizing 

the transaction, and in case of any failures or inconsistencies, it coordinates the rollback of the 

transaction. 

[0048] In some implementations, GTM/TSO engine 108 is configured to perform distributed 

lock management. For example, GTM/TSO engine 108 can manage distributed locks to ensure 

proper isolation and concurrency control in global transactions. GTM/TSO engine 108 can 

coordinate the acquisition and release of locks across different database nodes to prevent conflicts 

and maintain data consistency during concurrent access. 
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[0049] In some implementations, GTM/TSO engine 108 is configured to perform transaction 

recovery. For example, GTM/TSO engine 108 can log the progress and state of global transactions 

and facilitate recovery mechanisms to restore the system to a consistent state, including resuming 

or rolling back incomplete transactions after system restarts or failures. 

[0050] In some implementations, GTM/TSO engine 108 is configured to provide fault 

tolerance and high availability. For example, GTM/TSO engine 108 can incorporate replication or 

clustering techniques to ensure that there is no single point of failure. In some implementations, 

multiple GTM nodes 106 are deployed for redundancy and to handle failover scenarios, ensuring 

continuous transaction management in the event of node failures. 

[0051] In some implementations, disk 110 in GTM node 106 is a physical storage device used 

for storing and retrieving digital data. In some implementations, disk 110 is configured to store 

data and transaction-related information. For example, disk 110 can be a persistent storage medium 

for transaction logs, metadata, and transaction state information. In some implementations, disk 

110 is configured to enable transaction durability, recovery, fault tolerance, and to ensure 

consistent transaction management across a distributed database system (such as, distributed 

database 100). 

[0052] In some implementations, disk 110 is configured to perform transaction logging. For 

example, disk 110 can store transaction logs used to capture the sequence of operations performed 

within each global transaction. The transaction logs help ensure transaction durability and facilitate 

recovery in case of failures. Disk 110 acts as a reliable and persistent storage medium for storing 

these logs, enabling GTM node 106 to replay or to recover transactions as needed. 

[0053] In some implementations, disk 110 is configured as a metadata storage. For example, 

disk 110 can hold metadata related to global transactions. The metadata can include information 

about transaction identifiers, participating database nodes, transaction states, locks, and other 

transaction-related details. By storing this information on disk, GTM node 106 can maintain a 

consistent and reliable view of the ongoing global transactions, even in the event of system failures 

or restarts. 

[0054] In some examples, disk 110 can provide transaction state persistence by persisting the 

state of global transactions, and disk 110 can provide fault tolerance and recovery mechanisms in 

GTM node 106. For example, GTM node 106 can use disk 110 to keep track of the progress and 

state of each transaction, such as whether it is active, committed, or rolled back. By storing the 

transaction state information on disk 110, GTM node 106 ensures that transaction states are 

durable and can be recovered in case of system failures or restarts. By storing transaction logs and 

metadata on disk 110, GTM node 106 can recover the system to a consistent state after failures or 
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crashes, which allows GTM node 106 to restore ongoing transactions, recover lost data, and 

resume transaction processing from the point-of-failure. 

[0055] In some implementations, SLB node 112 is configured to distribute incoming client 

requests across multiple database servers/nodes to achieve load balancing and improve overall 

performance and scalability. SLB node 112 can act as an intermediary between clients (for 

example, client 114) and the database servers (for example, compute nodes 103a or 103b), routing 

requests to ensure efficient resource utilization and even distribution of workload. 

[0056] In some implementations, SLB node 112 is configured to perform request distribution. 

For example, SLB node 112 can receive incoming client requests and determine an appropriate 

database server to handle each request. Load balancing algorithms can be employed to evenly 

distribute the workload among the available database servers based on factors such as server 

capacity, current load, and response times. 

[0057] In some implementations, SLB node 112 is configured to provide health monitoring of 

the database. For example, SLB node 112 can monitor the health and availability of database 

servers and perform health checks and monitors server performance metrics such as CPU usage, 

memory utilization, network latency, and response times. In some examples, if a server becomes 

unresponsive or experiences performance issues, SLB node 112 can route requests away from that 

server until it becomes available again. 

[0058] In some implementations, SLB node 112 is configured to perform connection 

management. For example, SLB node 112 can manage client connections to the database servers. 

SLB node 112 can maintain a pool of database connections and assigns them to client requests as 

needed, which helps optimize resource usage and minimizes the overhead of establishing and 

tearing down connections for each client request. 

[0059] By distributing client requests across multiple database servers, SLB node 112 can 

enable horizontal scalability. Additional database servers can be added to the infrastructure, and 

SLB node 112 can dynamically adjust the request distribution to accommodate the increased 

capacity. It also enhances high availability by providing failover support. If a database server fails, 

the load balancing node can route requests to other available servers, ensuring uninterrupted 

service. In some examples, SLB node 112 can optimize performance by performing request 

routing based on factors such as geographic location, network proximity, or specific workload 

characteristics. SLB node 112 can direct requests to the nearest or least congested database server, 

reducing network latency and improving overall response times. 

[0060] In some examples, an operating process of distributed database 100 can start when a 

client 114 sends SQL queries to distributed database 100 for data retrieval or modification. The 

client 114 interacts with SLB node 112, which acts as the entry point for client requests. SLB node 
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112 receives incoming client requests and employs load balancing algorithms to distribute the 

workload across multiple compute nodes, for example, compute nodes 102a and 102b. SLB node 

112 can perform load balancing based on factors like server capacity, current load, and response 

times to ensure even distribution of requests and optimal resource utilization. 

[0061] Compute nodes 102a and 102b receive the client requests from SLB node 112. Each 

SQL engine, for example, 103a or 103b, is responsible for processing the SQL queries assigned to 

a respective compute node. SQL engine 103a and 103b can parse and validate the queries, generate 

query execution plans, and interact with the storage engines to retrieve and manipulate the 

requested data. 

[0062] Compute nodes 102a and 103b can interact with data nodes 104a and 104b to access 

and manage the data storage. Storage engines 105a and 105b in data nodes 104a and 104b can 

handle data storage formats, read and write operations, indexing, concurrency control, caching, 

and durability. Storage engines 105a and 105b can retrieve and update data based on the 

instructions from the SQL engines. 

[0063] GTM node 106 oversees global transactions that span multiple database servers, for 

example, compute nodes 102a and 102b, and data nodes 104a and 104b. GTM node 106 can act 

as the central coordinator, assigning unique identifiers to transactions, managing transaction state 

and metadata, and ensuring transactional integrity and concurrency control. GTM node 106 can 

also facilitate a commit protocol for distributed transaction coordination. 

[0064] As compute nodes 102a and 102b execute queries and retrieve data from data nodes 

104a and 104b, they exchange information and coordinate data consistency through GTM node 

106. GTM node 106 ensures that all participating database servers agree on the outcome of global 

transactions, coordinating commit or rollback operations across the distributed database. 

[0065] Once compute nodes 102a and 102b complete query execution and retrieve the 

necessary data, they can compile the results and send them back to the requesting client 

application. SLB node 112 can aggregate and forward the query results from compute nodes 102a 

and 102b back to client 114. 

[0066] This operating process involving compute nodes 102a and 102b, data nodes 104a and 

104b, GTM node 106, and SLB node 112 can enable efficient and coordinated operations in a 

distributed database system. It can allow for load balancing, distributed query processing, 

transaction management, and optimal utilization of resources to provide scalable and reliable data 

services. 

[0067] In some implementations, distributed database 100 is implemented on a stand-alone 

machine, for example, server 116. As shown, server 116 includes SQL engine 118, TSO engine 

120, and storage engine 122. In some implementations, SQL engine 118, TSO engine 120, and 



 11 

storage engine 122 are similar to SQL engines 103a and 103b, GTM/TSO engine 108, and storage 

engines 105a and 105b, respectively. Accordingly, in such implementations, SQL engine 118, 

TSO engine 120, and storage engine 122 are configured to perform operations similar to those 

described with respect to SQL engines 103a and 103b, GTM/TSO engine 108, and storage engines 

105a and 105b, in addition or as an alternative to the operations described below. Some 

descriptions of SQL engine 118, TSO engine 120, and storage engine 122 are omitted here for 

brevity. 

[0068] In some examples, when implementing the distributed architecture to a single machine 

to simulate a stand-alone mode, the inclusion of various components (for example, engines) from 

the distributed database introduces additional communication delays, for example, delays caused 

by network remote procedure calls (RPCs) between the components of server 116. Consequently, 

the stand-alone performance of the distributed database tends to be sub-optimal compared to that 

of pure stand-alone databases. 

[0069] FIG. 2 shows a block diagram of an example hybrid database 200, in accordance with 

some implementations of the present disclosure. As shown, hybrid database 200 includes servers 

202a and 202b, and driver/proxy node 210. Note that hybrid database 200 is shown to include two 

servers for illustrative purposes only. In some implementations, hybrid database 200 can include 

any suitable number of servers, for example, a few hundred or a few thousand servers.  

[0070] In some implementations, each one of servers 202a and 202b includes hardware 

components such as processors, memories, storage devices, and network interfaces for 

communication. Each one of servers 202a and 202b can further include software components for 

performing the operations as described herein.  

[0071] In the shown example, server 202a includes SQL engine 204a, transaction engine 206a, 

and storage engine 208a. Server 202b includes SQL engine 204b, transaction engine 206b, and 

storage engine 208b. SQL engines 204a and 204b form SQL layer 204, transactions engines 206a 

and 206b form transaction layer 206, and storage engines 208a and 208b form storage layer 208. 

[0072] In some implementations, SQL engines 204a and 204b are similar to SQL engines 103a 

and 103b. Storage engines 208a and 208b are similar to storage engines 105a and 105b. 

Accordingly, in such implementations, SQL engines 204a and 204b are configured to perform 

operations similar to those described with respect to SQL engines 103a and 103b, and storage 

engines 208a and 208b are configured to perform operations similar to those described with respect 

to storage engines 105a and 105b, in addition or as an alternative to the operations described below. 

Some descriptions of SQL engines 204a and 204b, and storage engines 208a and 208b are omitted 

here for brevity. 
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[0073] In some implementations, each one of transaction engines 206a and 206b is a software 

component or system that manages and controls execution of database transactions. Transaction 

engines 206a and 206b can be used to facilitate the ACID properties (atomicity, consistency, 

isolation, durability) of transactions, providing reliability, integrity, and concurrency control in a 

multi-user environment. 

[0074] In some implementations, each one of transaction engines 206a and 206b is configured 

to perform transaction coordination. For example, each one of transaction engines 206a and 206b 

can initiate and manage the lifecycle of transactions, ensuring their proper execution and 

completion. Each one of transaction engines 206a and 206b can oversee the ordering and 

sequencing of transactional operations and maintains transactional consistency. 

[0075] In some implementations, each one of transaction engines 206a and 206b is configured 

to perform concurrency control. For example, each one of transaction engines 206a and 206b can 

manage concurrent access to the database by multiple users or applications. Each one of transaction 

engines 206a and 206b can employ concurrency control mechanisms, such as locks or isolation 

levels, to prevent conflicts and maintain data integrity. This allows transactions to execute in a 

controlled and consistent manner, even when multiple transactions are accessing the same data 

concurrently. 

[0076] In some implementations, each one of transaction engines 206a and 206b is configured 

to provide atomicity property of transactions, where a transaction is treated as an indivisible unit 

of work. In some examples, if any part of a transaction fails or encounters an error, each one of 

transaction engines 206a and 206b can roll back the entire transaction, reverting any changes made 

until that point. It also ensures the durability property, which guarantees that committed changes 

are permanent and survive system failures. 

[0077] In some implementations, each one of transaction engines 206a and 206b is configured 

to provide transaction isolation. For example, each one of transaction engines 206a and 206b can 

provide isolation between concurrent transactions. It can ensure that each transaction operates as 

if executed in isolation, without interference from other transactions. This can also prevent data 

inconsistencies or conflicts caused by concurrent updates and maintains the integrity of the 

database. 

[0078] In some implementations, each one of transaction engines 206a and 206b is configured 

to perform logging and recovery. For example, each one of transaction engines 206a and 206b can 

log transactional operations and maintain a transaction log. The log records the sequence of 

changes made by each transaction, allowing for recovery and rollback in case of system failures 

or crashes. It enables the transaction engine to restore the database to a consistent state and replay 

or undo transactions as necessary. 
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[0079] In some implementations, each one of transaction engines 206a and 206b is configured 

to perform commit and rollback. For example, each one of transaction engines 206a and 206b can 

verify that a transaction has met all necessary conditions for committing, ensuring that changes 

made by the transaction are applied permanently to the database. In case of a rollback, each one of 

transaction engines 206a and 206b can undo all changes made by the transaction, restoring the 

database to its state prior to the transaction’s execution. 

[0080] Hybrid database 200 further includes driver/proxy node 210. In some implementations, 

driver/proxy node 210 is an intermediary or middle-tier component that sits between clients or 

client applications (for example, client 212) and the database servers (for example, servers 202a 

and 202b). Driver/proxy node 210 can be configured to handle database connections, requests, and 

queries. In some implementations, driver/proxy node 210 includes hardware components such as 

processors, memories, storage devices, and network interfaces for communication. Driver/proxy 

node 210 can further include software components for performing the operations as described 

herein. 

[0081] In some implementations, driver/proxy node 210 is configured to perform connection 

pooling. For example, driver/proxy node 210 can maintain a pool of established connections to the 

database servers. Driver/proxy node 210 can manage these connections and assigns them to client 

applications as needed, reducing the overhead of establishing and tearing down connections for 

each request. 

[0082] In some implementations, driver/proxy node 210 is configured to perform query 

routing. For example, driver/proxy node 210 can route client queries to the appropriate database 

server based on factors such as load balancing, database availability, or query characteristics. 

Driver/proxy node 210 can distribute the workload evenly across multiple database servers, 

optimizing resource utilization and query response times. 

[0083] In some implementations, driver/proxy node 210 is configured to perform caching. For 

example, driver/proxy node 210 can incorporate caching mechanisms to improve query 

performance and reduce the load on database servers. Driver/proxy node 210 can cache query 

results, frequently accessed data, or even entire database tables. 

[0084] In some implementations, driver/proxy node 210 is configured to perform 

authentication. For example, driver/proxy node 210 can authenticate client connections, enforce 

user access controls, and ensure data privacy and integrity. Driver/proxy node 210 can also 

implement encryption and secure communication protocols between clients and the database 

servers. 
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[0085] In some implementations, driver/proxy node 210 is configured to perform query 

optimization. For example, driver/proxy node 210 can analyze incoming queries, rewrite or 

optimize them for better performance, and utilize database-specific features or optimizations.  

[0086] In some implementations, driver/proxy node 210 is configured to perform monitoring 

and logging. For example, driver/proxy node 210 can track and analyze database usage, query 

performance, and resource utilization. Driver/proxy node 210 can capture and log query statistics, 

server health metrics, and other relevant information for troubleshooting, performance tuning, or 

auditing purposes. 

[0087] In some implementations, an example operating process of hybrid database 200 starts 

when driver/proxy node 210 receives a database request from client 212. Driver/proxy node 210 

can distribute the incoming requests across multiple servers, for example, servers 202a and 202b, 

to ensure load balancing and optimal resource utilization. Once the request is assigned to a server, 

a SQL engine, for example, SQL engine 204a or 204b, on that server receives and processes the 

request. In some examples, the SQL engine parses and validates the SQL query, creates an 

execution plan, and initiates the query execution process. The transaction engines, for example, 

transactions engines 206a or 206b, can work alongside the SQL engine and manage the 

transactions associated with the request. In some examples, the transaction engines can interact 

with the storage engines, for example, storage engines 208a and 208b, to access and manipulate 

data stored within hybrid database 200. The storage engines can handle data storage format, read 

and write operations, indexing, caching, and durability. The storage engines can retrieve, and 

update required data based on instructions from the transaction engines. After the transaction 

engines finalize the transactions and the SQL engines complete query execution, the SQL engines 

can complete the results and send the results back to client 212 through driver/proxy node 210. 

[0088] In some implementations, hybrid database 200 is a stand-alone and distributed 

integrated database that can dynamically switch between a stand-alone mode and a distributed 

mode. Hybrid database 200 can include independent SQL engines, transaction engines, and storage 

engines in both the stand-alone mode and the distributed mode. This enables dynamic 

configuration switching by client and can allow the database and the underlying system to operate 

efficiently without incurring the distributed interaction overhead in the stand-alone mode. 

[0089] In some examples, when hybrid database 200 operates in the distributed mode, data 

can be replicated or distribute across multiple servers, for example, servers 202a and 202b. Storage 

engines 208a and 208b can ensure data consistency and availability by replacing or distributing 

the data across appropriated server, which allows for improved performance, fault tolerance, and 

data redundancy. In some examples, inter-server communication can occur during the query 

execution and transaction processing. Servers can exchange data, transactional updates, and 
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coordination information to maintain consistency and synchronization across the database. This 

communication ensures that the transactional changes are propagated to the relevant servers and 

maintained in a consistent state. In some implementations, the components in different servers 

communicate by using RPCs. In some examples, RPCs can allow an application running on one 

database server to invoke procedures or functions on a remote database server as if they were local. 

RPCs can enable the application to execute database operations or trigger specific actions on the 

remote database server without being aware of the underlying network communication details. 

One example RPC can include sending a request by a client application running on a server to 

execute a procedure, which is marshalled, transmitted over the network, for example, network 214, 

and executed on the remote server. The result is then returned to the client application for further 

processing. RPCs facilitate distributed computing and seamless interaction with remote databases. 

[0090] In some examples, when hybrid database 200 operates in the stand-alone mode, 

components, for example, SQL engine 204a, transaction engines 206a, and storage engine 208a, 

within a same database server, for example, server 202a, can communicate with each other using 

function calls within a same process. Each one of the components can expose a set of functions or 

methods that define its operations and functionality. These functions can be defined with specific 

parameters and return types. In some examples, to communicate and collaborate, one component 

invokes the functions provided by another component. The invoking component passes any 

required parameters to the function during the function call. The called function executes within 

the same process and performs its specific functionality, which can involve accessing or modifying 

data, processing queries, managing transactions, or other database-related tasks. The function can 

also return a result or value back to the calling component. IN some examples, components can 

synchronize their operations or coordinate their activities to ensure data consistency and integrity. 

This can be achieved through mechanisms such as locks, semaphores, or shared data structures 

within the same process. If an error occurs during the execution of a function, the appropriate error 

handling mechanisms can be employed. Error codes, exceptions, or other error handling 

techniques can be used to propagate and handle errors within the components. By utilizing function 

calls within the same process, components within a same database server can communicate 

efficiently and exchange information. The function calls provide a direct and controlled means for 

components to interact and collaborate, enabling the database system to execute its various 

operations and fulfill its functionality. 

[0091] Therefore, when hybrid database 200 operates in the stand-alone mode, it can provide 

the same efficiency and performance while using a stand-alone database. When hybrid database 

200 operates in the distributed mode, there is no additional costs for its operations at the SQL 

layer, the transaction layer, and the storage layer. Thus, the stand-alone and distributed adaptive 
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architecture of hybrid database 200 can allow for dynamical switching between the stand-alone 

mode and the distributed mode, thereby mitigating potential data migration and the maintenance 

costs associated with switching databases. 

[0092] FIG. 3 shows a granular diagram of example SQL execution, in accordance with some 

implementations of the present disclosure. The example SQL execution in FIG. 3 can be performed 

by any suitable device disclosed herein, such as one or more of SQL engines 103a, 103b, 118, 

204a and 204b. In general, each SQL execution can be performed in one of two modes: serial 

execution or parallel execution. As shown, serial execution includes local, remote, and distributed 

execution. Parallel execution includes parallel queries and DML operations that improve the 

performance.  

[0093] In terms of increasing parallelism, SQL execution can be gradually divided into serial 

execution, single-machine parallel execution, and distributed parallel execution. In the integrated 

stand-alone and distributed architecture, the SQL engines can adaptively switch between these 

modes. 

[0094] In some implementations, during serial execution of SQL statements, if the relevant 

tables or partitions are located on the local machine, local execution of the SQL statements in the 

stand-alone mode by using local data can be the same as execution of the SQL statement in a native 

mode. If all or a part of the relevant tables or partitions are not located on the local machine but 

are located in a remote node instead, execution of the SQL statement can be performed using two 

methods: local execution, by using data pulled through remote data acquisition service, or remote 

execution where the entire transaction processing and storage access are forwarded to the remote 

node, acting as a proxy, and then returned directly. 

[0095] In some implementations, if the data involved in a single SQL query is distributed 

across multiple nodes, the calculation can be pushed down to each node. To ensure efficient serial 

execution, the SQL engines can process the SQL query in a distributed execution mode, similar to 

a distribute-gather method in a Map-Reduce model. In some examples, the SQL engines can 

decompose a SQL query into subqueries or tasks that can be processed independently, where each 

subquery operates on a subset of the data. For each subquery, the SQL engines can generate a 

corresponding map function that operates on a subset of the data, and use the map function to 

extract and transform the relevant data required for the query. The SQL engines can then group 

the intermediate results produced by the map functions and sort them based on a key. Next, the 

SQL engines can perform aggregations and computations on the shuffled and sorted intermediate 

data to produce the final result, for example, by using reduce functions to apply operations such 

as aggregations, filtering, and transformation. Once the reduce phase is complete, the SQL engines 

can combine the result from the reduce functions and return the final result. In some 
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implementations, the parallelism of each node can be limited to 1, allowing each node to efficiently 

execute in a serial manner without context switching or remote data access. This approach can be 

particularly suitable for small and medium-sized enterprises, as efficient data querying can be 

achieved without complex parallel mechanisms in small-scale operations. 

[0096] In some implementations, an adaptive selection strategy is used for serial execution by 

selecting an execution method between direct access store (DAS) execution and distributed 

execution. One implementation of DAS is to directly pull data from remote nodes, which is suitable 

for simple point queries or index access back to the table queries that are remotely located. 

However, in distributed environments, pushing down calculations by using distributed execution 

can be more efficient than data pulling because it does not require additional computational 

resources. For specific queries or scenarios involving massive data scanning, the database can 

dynamically select an optimal strategy between the two, depending on which strategy offers a 

more favorable execution cost. 

[0097] For large-scale data queries, higher parallelism can be required, and this can be 

achieved by introducing parallel capabilities to enhance SQL processing capacity and reduce 

response times. In some implementations, parallel execution includes parallel query and parallel 

data manipulation language (DML).  

[0098] Parallel query is a method used to increase the execution speed of SQL queries by 

creating multiple query processes that divide the workload of a SQL statement and executing it in 

parallel or at the same time. In some examples, the SQL engine can divide the SQL query into 

smaller units of work, such as partitions or segments, based on the available data and parallelism 

settings. Each unit is assigned to a separate processor or thread for concurrent processing. The data 

involved in the query is distributed across the available processors or threads. This distribution can 

be based on various strategies, including data partitioning, where different portions of the data are 

allocated to different execution units. Each processor or thread independently processes its 

assigned data subset simultaneously. They perform operations such as scanning, filtering, joining, 

or aggregating the data in parallel, utilizing the available processing resources effectively. During 

the execution, the parallel processes may need to communicate and exchange intermediate results 

or perform coordination tasks. Inter-process communication mechanisms, such as shared memory 

or message passing, are used to facilitate data exchange and synchronization among the parallel 

execution units. Once the individual parallel processes complete their tasks, the intermediate 

results are combined or merged to generate a final result set. This consolidation step ensures that 

the overall query result is consistent and complete. 

[0099] In some implementations, the parallel execution framework as described herein is 

adaptable to handle both parallelism within a stand-alone manner (that is, local parallelism) and 
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distributed manner (that is, distributed parallelism). In some examples, local parallelism refers to 

parallel execution within a single machine or node. In this approach, a query is divided into smaller 

tasks or sub-operations, and these tasks are executed concurrently by multiple processors or 

threads within the same machine. Each processor or thread works on a subset of the data, 

processing it in parallel. The results from each parallel task are combined to produce the final 

query result.  

[0100] Local parallelism can be beneficial when dealing with large datasets or complex 

queries. It allows for better utilization of the available processing resources within a single 

machine, such as multi-core CPUs. By dividing the workload and executing tasks in parallel, local 

parallelism improves query performance and response times. 

[0101] In some examples, distributed parallelism involves parallel execution across multiple 

machines or nodes in a distributed computing environment. In this approach, a query is distributed 

among multiple processors or nodes, each responsible for processing a portion of the data. The 

processors or nodes work concurrently to execute their respective parts of the query, and the results 

are merged or combined to produce the final query result. 

[0102] Distributed parallelism can offer the advantage of leveraging the combined processing 

power and resources of multiple machines or nodes. It enables efficient handling of large-scale 

data processing and enables horizontal scalability. By distributing the workload across multiple 

machines, distributed parallelism can handle high-volume data queries, complex analytics, and 

support real-time or near-real-time processing. 

[0103] The choice between local parallelism and distributed parallelism can depend on the 

specific requirements, data scale, and available resources. Local parallelism is suitable when the 

data can be effectively processed within a single machine or node, whereas distributed parallelism 

is more appropriate for scenarios requiring high scalability, large-scale data processing, and 

distributed computing environments. 

[0104] Parallel DML refers to the execution of DML operations in parallel across multiple 

processors or threads to enhance the performance and efficiency of data manipulation tasks. In 

some examples, DML operations include actions such as inserting, updating, deleting, or querying 

data in a database. 

[0105] In a parallel DML execution, the workload of processing the DML operations is 

distributed among multiple processors or threads, allowing them to work simultaneously on 

different subsets of the data. This parallel processing approach can significantly speed up the 

execution of DML statements, especially when dealing with large datasets or complex queries. In 

some examples, not all DML operations can be parallelized. The parallel execution of DML 
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statements can depend on factors such as the database system, the nature of the DML operation, 

data dependencies, and the availability of resources.  

[0106] FIG. 4 shows a schematic diagram of an example SQL engine 400, in accordance with 

some implementations of the present disclosure. In some implementations, SQL engine 400 is an 

example of any one of SQL engines 103a, 103b, 118, 204a, or 204b. As shown, SQL engine 400 

includes query coordinator 402, workers 404a-c and 406a-e, and data transmission layer 408. Note 

that SQL engine 400 is shown to include eight workers for illustrative purposes only. In some 

implementations, SQL engine 400 includes any suitable number of workers. 

[0107] In some implementations, query coordinator 402 is configured to coordinate and 

manage the execution of a query. Query coordinator 402 can act as the central control point for 

query processing and the communication hub, coordinating the activities of workers, managing 

resources, optimizing execution plans, and delivering the final result. 

[0108] In some implementations, query coordinator 402 is configured to perform query 

parsing and analysis. For example, query coordinator 402 can receive the incoming SQL query 

and parse it to understand its structure and semantics. Query coordinator 402 can perform initial 

analysis, such as checking the query syntax, validating access permissions, and ensuring query 

consistency. 

[0109] In some implementations, query coordinator 402 is configured to perform query 

optimization. For example, query coordinator 402 can determine a most efficient query execution 

plan by optimizing the query. Query coordinator 402 can generate an optimal plan for data retrieval 

and processing based on various factors, such as available indexes, statistics, cost estimations, and 

system resources. 

[0110] In some implementations, query coordinator 402 is configured to perform resource 

allocation. For example, query coordinator 402 can allocate necessary resources for query 

execution, such as memory, disk space, and CPU resources. Query coordinator 402 can determine 

the system’s overall workload and available resources to ensure fair distribution and avoid 

resource contention among concurrent queries. 

[0111] In some implementations, query coordinator 402 is configured to perform task 

distribution. For example, query coordinator 402 can, based on the chosen query execution plan, 

assign subtasks or portions of the query to individual workers or processing units. Query 

coordinator 402 can divide the workload among multiple workers to enable parallel processing, 

assigning specific data partitions or operations to each worker. 

[0112] In some implementations, query coordinator 402 is configured to perform task 

synchronization and monitoring. For example, query coordinator 402 can monitor the progress of 

query execution by receiving periodic updates from workers. Query coordinator 402 can ensure 
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that all subtasks are executing correctly, monitors resource usage, and handles any exceptions or 

errors that occur during execution. Query coordinator 402 can also synchronize the completion of 

subtasks and manages dependencies between them. 

[0113] In some implementations, query coordinator 402 is configured to perform result 

aggregation. For example, as workers complete their subtasks and produce intermediate results, 

query coordinator 402 can collect and combine these results to generate the final output of the 

query. Query coordinator 402 can ensure the correct merging of partial results and guarantee the 

consistency and completeness of the query result. 

[0114] SQL engine 400 further includes workers 404a-c and 406a-e. In some implementations, 

each one of workers 404a-c and 406a-e is a computational unit for executing queries or performing 

data processing tasks. In some example, workers 404a-c and 406a-e can handle the execution of 

SQL statements and perform the necessary operations to retrieve, manipulate, or analyze data. 

[0115] In some implementations, the number of workers in SQL engine 400 can vary 

depending on the specific implementation and the available system resources. Each worker can be 

assigned a portion of the query workload or data partitions to process in parallel, allowing for 

efficient execution and improved performance. 

[0116] In some implementations, workers in SQL engine 400 are configured to perform query 

parsing. For example, workers 404a-c can receive SQL queries and parse them into a structured 

representation for further processing.  

[0117] In some implementations, workers in SQL engine 400 are configured to perform data 

retrieval and processing. For example, workers 406a-e can retrieve data from storage systems, 

perform any necessary joins, aggregations, or transformations, and apply the specified filters or 

conditions. 

[0118] In some implementations, workers in SQL engine 400 are configured to perform 

parallel execution. For example, workers 404a-c and 406a-e can operate concurrently to process 

their assigned portions of the data or query tasks. This parallelism allows for faster and more 

efficient data processing, especially when dealing with large datasets or complex queries. 

[0119] In some implementations, workers in SQL engine 400 are configured to perform 

intermediate result exchange. For example, workers 404a-c can exchange intermediate results or 

coordinate their operations with workers 406a-e. Communication mechanisms, such as message 

passing or shared memory, can be used to facilitate the exchange of data and synchronization 

among workers. 

[0120] In some implementations, workers in SQL engine 400 are configured to perform result 

consolidation. For example, workers 404a-c can combine their individual results to generate the 
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final output of the SQL query. This consolidation step can ensure that the query result is complete 

and consistent across all processed data. 

[0121] In some implementations, the number and configuration of workers in SQL engine 400 

can be tuned based on the system’s resources, query workload, and desired performance. In some 

examples, increasing the number of workers can enhance parallelism and improve query 

processing speed, but it also requires sufficient computational resources and careful system 

optimization to avoid resource contention or performance degradation. 

[0122] SQL engine 400 further includes data transmission layer 408. In some 

implementations, data transmission layer 408 is configured to facilitate the exchange of data and 

information between workers during query processing. By providing a reliable and efficient 

communication infrastructure, data transmission layer 408 can enable workers to collaborate 

effectively, exchange data, and synchronize their operations during parallel query execution.  

[0123] In some implementations, data transmission layer 408 is configured to facilitate data 

exchange. For example, data transmission layer 408 can enable workers to exchange intermediate 

results, query plans, metadata, and other relevant information required for query execution. Data 

transmission layer 408 can facilitate the transfer of data between different stages of query 

processing, such as during data retrieval, join operations, or aggregation tasks. 

[0124] In some implementations, data transmission layer 408 is configured to facilitate 

synchronization. For example, data transmission layer 408 can ensure proper synchronization 

between workers to maintain data consistency and avoid conflicts. Data transmission layer 408 

can provide mechanisms for coordinating parallel operations, such as synchronization points or 

barriers, to ensure that all workers progress together and share consistent data views. 

[0125] In some implementations, data transmission layer 408 is configured to perform 

message passing. For example, data transmission layer 408 can enable workers to communicate 

with each other by passing messages. Data transmission layer 408 can allow workers to send and 

receive messages containing instructions, data subsets, status updates, or other relevant 

information.  

[0126] In some implementations, data transmission layer 408 is configured to provide 

distributed computing support. For example, in distributed environments, where SQL engines span 

across multiple machines or nodes, data transmission layer 408 can facilitate communication 

between workers located on different machines. Data transmission layer 408 can handle the 

complexities of network communication, addressing, and routing to enable seamless data 

exchange and coordination across distributed systems. 

[0127] In some implementations, data transmission layer 408 is configured to provide 

performance optimization. For example, data transmission layer 408 can be configured to optimize 
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the performance of inter-worker communication. Data transmission layer 408 can employ various 

techniques such as data compression, serialization/deserialization optimizations, and efficient 

network protocols to minimize latency, reduce data transfer overhead, and enhance overall query 

execution speed. 

[0128] In some implementations, data transmission layer 408 is configured to dynamically 

perform communication. In some examples, for local parallelism, data transmission layer 408 can 

automatically facilitate data interaction between threads through memory copies and can utilize 

network communication only when necessary. 

[0129] FIG. 5 shows a diagram of an example process 500 of transaction processing, in 

accordance with some implementations of the present disclosure. Process 500 can be performed 

by any suitable device disclosed herein, such as one or more of servers 202a-b or transaction 

engines 206a-b. The operations shown in process 500 may not be exhaustive and, in some 

examples, other operations can be performed before, after, or in between any of the illustrated 

operations. Further, some of the operations may be performed simultaneously, or in a different 

order than shown in FIG. 5. 

[0130] At the outset, a two-phase commit (2PC) protocol can be used for transaction 

processing. The 2PC protocol divides the transaction commit process into two phases: the prepare 

phase and the commit phase. The 2PC protocol involves a coordinator, which is typically a central 

authority responsible for coordinating the commit or rollback of a distributed transaction, and 

multiple participants (also known as cohorts) that are involved in the transaction.  

[0131] In the prepare phase of the 2PC protocol, the coordinator sends a prepare request to all 

participants, asking them to prepare for committing the transaction. Each participant receives the 

prepare request and performs necessary validation and resource locking to ensure the transaction 

can be successfully committed. After preparing, each participant responds to the coordinator with 

either a “yes” vote, indicating it is ready to commit, or a “no” vote, indicating it cannot commit 

due to some error or constraint violation.  

[0132] In the commit phase of the 2PC protocol, based on the participants’ responses, the 

coordinator determines whether all participants voted “yes” to commit or if any participant voted 

“no.” If all participants voted “yes,” the coordinator sends a commit request to all participants. 

Upon receiving the commit request, each participant applies the changes of the transaction 

permanently and releases any locks or resources held. Finally, each participant responds to the 

coordinator with an acknowledgment of the commit operation. 

[0133] If any participant votes “no” during the prepare phase or if the coordinator fails to 

receive responses from all participants, the coordinator initiates an abort or rollback operation. In 
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this case, the coordinator sends a rollback request to all participants, and each participant undoes 

any changes made by the transaction and releases any acquired resources. 

[0134] The purpose of the 2PC process is to ensure that all participants in a distributed 

transaction agree on whether to commit or rollback, thereby maintaining data consistency across 

multiple systems. It guarantees that either all participants commit the transaction, or all participants 

roll it back, preventing inconsistencies or partial completion of the transaction across the 

distributed environment. 

[0135] However, using the above-described 2PC protocol to handle transactions in a stand-

alone machine can expose sub-optimal performance in certain scenarios. For example, distributed 

transaction engines can have additional coordination components internally, which can cause 

unnecessary delays and overhead when submitting transactions in a distributed database.  

[0136] In some implementations, process 500 can be performed in both stand-alone and 

distributed scenarios. In some examples, transaction processing in the stand-alone scenarios can 

include a one-phase processing. In some examples, transaction processing in the distributed 

scenarios can include a modified 2PC processing. 

[0137] In some examples, the one-phase transaction processing in the stand-alone mode 

includes starting the transaction, performing data manipulation operations such as retrieval, 

insertion, modification, or deletion on the database. Concurrency control mechanisms are 

employed to manage concurrent access and maintain data consistency. Validation and integrity 

checks are conducted to ensure data validity against defined constraints and rules. At the end of 

the transaction, a decision is made whether to commit the changes, making them permanent, or 

rollback the transaction, undoing the changes. The transaction concludes with a commit or rollback 

statement, finalizing the transaction process. 

[0138] In some implementations, if a single transaction involves a single log stream and the 

volume of data falls within a tolerable granularity for load balancing, and when the database is 

deployed in a stand-alone manner, there is a high probability that maintaining a single log stream 

is sufficient. In this case, transactions submitted within this single log stream do not require a 2PC 

protocol. Instead, processing of such transactions is similar to that of a typical stand-alone 

database. After the transaction data and status are written to the local log and persisted, the 

transaction is considered successfully committed. 

[0139] In some implementations, the database uses the transaction version numbers to identify 

the order of committed transactions. In such implementations, the database can be configured to 

use the local timestamp service to obtain the transaction version number, and obtain the version 

number through a function call, thereby avoiding the overhead of context switching caused by 
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RPC. In a distributed scenario, the database can obtain the transaction version number through the 

global timestamp service. 

[0140] As shown, for stand-alone transactions (that is, transactions associated with a single 

log stream), processing of the transactions begins when coordinator 502 receives an instruction to 

begin a transaction (510). In some examples, when the database uses the local timestamp service 

to obtain the transaction version number, operations 512 and 514 can be omitted. In the transaction 

begin phase, coordinator 502 can be configured to coordinate and manage the initiation of the 

transaction.  

[0141] In some implementations, coordinator 502 is configured to perform transaction 

identification (ID) assignment. For example, coordinator 502 can assign a unique identifier or 

transaction ID to the newly initiated transaction. The transaction ID can be used to distinguish the 

transaction from others and track its progress. 

[0142] In some implementations, coordinator 502 is configured to perform resource allocation. 

For example, coordinator 502 can ensure the availability and allocation of necessary resources 

required by the transaction, by performing operations including, for example, acquiring locks, 

allocating memory, or reserving other resources needed for the transaction's execution. 

[0143] In some implementations, coordinator 502 is configured to perform transaction context 

setup. For example, coordinator 502 can set up the transaction context, which includes establishing 

the isolation level for the transaction and initializing any relevant settings or variables associated 

with the transaction’s execution. 

[0144] In some implementations, coordinator 502 is configured to perform notification and 

coordination. For example, coordinator 502 can notify relevant participants or subsystems within 

the database about the initiation of the transaction. This allows other participants, such as resource 

managers or databases, to be aware of the ongoing transaction and prepare for their involvement. 

[0145] In some implementations, coordinator 502 is configured to facilitate logging and 

recovery setup. For example, coordinator 502 can ensure that appropriate logging and recovery 

mechanisms are in place for the transaction. Coordinator 502 can perform operations including, 

for example, initializing the transaction log and establishing the necessary protocols for recording 

transactional changes and ensuring durability and recovery capabilities. 

[0146] In some implementations, coordinator 502 is configured to use the local timestamp 

service to obtain the transaction version number, and obtain the version number through a function 

call, thereby avoiding the overhead of context switching caused by RPC.  

[0147] In some implementations, coordinator 502 is configured to monitor and verify the 

successful completion of necessary steps during the begin phase of the transaction. If all the 

necessary operations are executed successfully and the required resources are acquired, 



 25 

coordinator 502 can consider the begin phase of the transaction to be successful (516). In some 

examples, after the transaction data and their status information are written to a local log and 

persisted, the transaction is considered successfully committed. 

[0148] In some examples, coordinator 502 can acquire the version numbers from global 

version number manager 504 when necessary (512). The interaction between coordinator 502 and 

global version number manager 504 in a database involves coordinating and managing the 

assignment and tracking of global version numbers for transactions. In some implementations, 

global version number manager 504 is configured to generate and manage unique version numbers 

that can be used to track and manage the state of data items within the database. 

[0149] In some implementations, global version number manager 504 is configured to assign 

a unique version number to the transaction. This version number represents the state of the 

database at the time the transaction begins. During the execution of the transaction, coordinator 

502 can request additional version numbers from global version number manager 504 as needed, 

for example, when the transaction reads or writes data items to ensure proper visibility and 

consistency. Before committing the transaction, coordinator 502 may verify that the version 

numbers used by the transaction are still valid. This helps ensure that the transaction’s view of the 

database has not become outdated due to concurrent updates from other transactions. 

[0150] Global version number manager 504 returns the version numbers as well as relevant 

timestamps to coordinator 502 (514). After receiving the version numbers, coordinator 502 can 

validate the consistency of data access, detect and resolve conflicts, and enforce transaction 

serialization by using the version numbers. For example, coordinator 502 can check if the version 

numbers of the data items accessed by the transaction are compatible with the transaction’s start 

timestamp. It helps to prevent dirty reads, non-repeatable reads, and other data inconsistency 

issues. 

[0151] In some examples, coordinator 502 can use the version numbers to detect conflicts 

between transactions. By comparing version numbers and timestamps, coordinator 502 can 

identify cases where multiple transactions are accessing or modifying the same data concurrently. 

Coordinator 502 can then apply conflict resolution mechanisms, such as locking or optimistic 

concurrency control, to manage and resolve these conflicts. 

[0152] In some examples, coordinator 502 can use the version numbers to determine the order 

of transaction execution, for example, when enforcing serializability. By comparing version 

numbers and timestamps, coordinator 502 can ensure that transactions are executed in a 

serializable order, maintaining data consistency and avoiding conflicts. 

[0153] In some implementations, for a distributed transaction that involves multiple 

independent resources or databases that are geographically distributed or managed by separate 
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systems, the transaction is considered successfully committed once the prepare phase of the 2PC 

protocol is completed. As shown in FIG. 5, coordinator 502 receives an instruction to commit a 

transaction (520). In some examples, coordinator 502 can request version numbers from global 

version number manager 504 when necessary (522). Global version number manager 504 can 

return version numbers as well as relevant timestamps to coordinator 502 (524). 

[0154] In the prepare phase, coordinator 502 sends a prepare request to all participants, for 

example, participants 506 and 508, asking them to prepare for committing the transaction (526). 

Each participant receives the prepare request and performs necessary validation and resource 

locking to ensure the transaction can be successfully committed. After preparing, each participant 

responds to the coordinator (528) with either a “yes” vote, indicating it is ready to commit, or a 

“no” vote, indicating it cannot commit due to some error or constraint violation.  

[0155] In some implementations, once the prepare phase is completed, the transaction state 

can be set to committed when all participants indicating they are ready to commit, and coordinator 

502 can indicate the transaction has been successfully committed (530). At this point, the 

transaction is considered committed and can be returned. 

[0156] In some examples, after indicating to client that the transaction has been successfully 

committed after the prepare phase, coordinator 502 can proceed to the commit phase, and sends 

commit request to all participants (532). Upon receiving the commit request, each participant can 

apply the changes of the transaction permanently and release any locks or resources held. Finally, 

each participant responds to the coordinator with an acknowledgment of the commit operation 

(534). 

[0157] In some implementations, the coordinator’s state is not logged in the prepare phase and 

the commit phase. In exceptional cases, the coordinator’s state can be recovered based on 

transaction logs of the participants. The coordinator’s state, including its transactional metadata, 

context, and resource allocations, can be reconstructed based on the transaction logs and the 

recovered state of the participating nodes or databases. This allows the coordinator to resume its 

operation and continue processing the remaining transactions. In some cases, depending on the 

nature of the exceptional event and the level of consistency required, the database system may 

need to re-execute certain transactions that were affected by the failure. This ensures that the 

transactions are correctly completed, and the database remains in a consistent state. In some 

examples, the database system can analyze the transaction logs to identify the incomplete or in-

progress transactions at the time of the exceptional event. The incomplete transactions that were 

active during the exceptional event need to be rolled back to their previous consistent state. The 

database system uses the transaction logs to undo the changes made by these transactions and 

restore the data to their pre-transaction state. Once the rollback is complete, the database system 
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redoes the committed transactions’ operations that were not yet reflected in the permanent storage 

due to the exceptional event.  

[0158] Process 500 can be used by an integrated transaction processing engine to adaptively 

process both stand-alone and distributed transactions. For single-log-stream transactions, the 

database employs a local timestamp service instead of a global one to maintain global consistency. 

This reduces the reliance on global timestamp services, resulting in improved efficiency and 

resource allocation by invoking them only when required. Additionally, since the coordinator's 

state is not logged, the database experiences fewer messages and reduced log writes during the 

transaction submission to successful commit phase. This optimization enhances the management 

of extensive log streams in a distributed database. 

[0159] FIG. 6 shows a flowchart of an example process 600 for hybrid database 

implementation, in accordance with some implementations of the present disclosure. Process 600 

can be performed by any suitable device disclosed herein, such as hybrid database 200. 

Accordingly, the following description of process 600 is provided with respect to hybrid database 

200. In some implementations, some or all of the operations in process 600 are implemented based 

on the techniques described in connection with FIGS. 1-5. The operations shown in process 600 

may not be exhaustive and that other operations can be performed as well before, after, or in 

between any of the illustrated operations. Further, some of the operations may be performed 

simultaneously, or in a different order than shown in FIG. 6. 

[0160] Process 600 starts when a system, for example, database 200, receives an indication to 

process a data request (602). In some implementations, the system is configured as a hybrid 

database to dynamically switch between a stand-alone mode and a distributed mode. 

[0161] In some implementations, the system includes a number of computer nodes, for 

example, servers 202a and 202b, and each computer node includes a SQL engine, for example, 

204a or 204b, a transaction engine, for example, 206a or 206b, and a storage engine, for example, 

208a or 208b. 

[0162] In some implementations, the hybrid database includes SQL layer, for example, 204, a 

transaction layer, for example, 206, and a storage layer, for example, 208. The SQL layer includes 

the SQL engines in the computer nodes, the transaction layer includes the transaction engines in 

the computer nodes, and the storage layer includes the storage engines in the computer nodes. 

[0163] In some implementations, the data request is a SQL query. In some examples, a SQL 

query is a command or statement that is used to retrieve, manipulate, or manage data in a database 

management system. A SQL query allows users to interact with the database by performing 

operations such as data retrieval, insertion, deletion, and modification. In some examples, a SQL 

query includes keywords, expressions, and clauses that define the desired operation on the 
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database. An example of a SQL query is the SELECT statement, which is used to retrieve data 

from one or more database tables based on specified conditions. Other examples of SQL queries 

include INSERT, UPDATE, and DELETE statements, which are used to add, modify, or delete 

data in the database. 

[0164] In some examples, a SQL query can involve various clauses such as WHERE, JOIN, 

GROUP BY, HAVING, ORDER BY, and LIMIT, which provide additional filtering, sorting, and 

grouping functionalities to refine the query results. 

[0165] In some implementations, the data request is a transaction request. In some examples, 

a transaction request a specific operation or set of operations that are grouped together as a single 

logical unit. A transaction request can represent a user’s or application’s intent to perform a series 

of database actions atomically, meaning that either all the actions within the transaction should 

succeed and be permanently saved, or none of them should take effect. 

[0166] In some examples, a transaction request includes one or more database operations such 

as data retrieval, insertion, modification, or deletion. These operations are executed as a cohesive 

unit, ensuring the integrity and consistency of the data. 

[0167] In some examples, a transaction request can include a transaction identifier or context 

that uniquely identifies the transaction. The transaction request can specify the actions to be 

performed, the data involved, and any conditions or constraints that need to be satisfied for the 

transaction to proceed. 

[0168] When the indication indicates to the system to process the data request in the stand-

alone mode (604), the system switches the hybrid database to the stand-alone mode (606) and 

processes the data request in the stand-alone mode (608). 

[0169] In some examples, the indication indicates the stand-alone mode. In some examples, 

the indication includes an instruction instructing the system to switch to the stand-alone mode. In 

some examples, the indication indicates that the data request is a stand-alone type of data request. 

[0170] In some examples, switching the system to the stand-alone mode can be achieved by 

adjusting configuration options in a database management system of the hybrid database. 

Configuration files or settings can be modified to enable or disable stand-alone features, based on 

the indication. In some examples, switching the system to the stand-alone mode can include 

removing or disabling nodes from the system, disabling node replication and distributed query 

processing, and changing the partitioning scheme or redistributing the data across nodes.  

[0171] In some implementations, the system processes the data request using a single-process-

multiple thread model in the stand-alone mode. In some examples, in the single-process-multiple 

thread model, a single process creates and manages multiple threads of execution within its own 

address space. The process can act as a container for multiple threads that can concurrently execute 
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different tasks or operations. The process can have its own memory space, including code, data, 

and resources. Each thread within the process has its own stack and program counter, but they 

share the same memory space, file descriptors, and other process-related resources. 

[0172] The single-process-multiple thread model can provide improved concurrency, as 

multiple threads can execute tasks in parallel, and efficient resource utilization, as threads can 

share data and resources within the same process without the need for inter-process 

communication. 

[0173] In some implementations, a particular node of the system processes the data request 

using one or more function calls in the stand-alone mode. 

[0174] In some examples, components located within a same database server can communicate 

with each other using function calls within a same process. Each one of the components can expose 

a set of functions or methods that define its operations and functionality. To communicate and 

collaborate, one component can invoke the functions provided by another component. The 

invoking component can pass any required parameters to the function during the function call. The 

called function executes within the same process and performs its specific functionality, which can 

involve accessing or modifying data, processing queries, managing transactions, or other database-

related tasks. The function can also return a result or value back to the calling component. By 

utilizing function calls within the same process, components within a same database server can 

communicate efficiently and exchange information. The function calls provide a direct and 

controlled means for components to interact and collaborate, enabling the database system to 

execute its various operations and fulfill its functionality. 

[0175] When the indication indicates to the system to process the data request in the distributed 

mode (610), the system switches the hybrid database to the distributed mode (612) and processes 

the data request in the distributed mode (614). 

[0176] In some examples, the indication indicates the distributed mode. In some examples, the 

indication includes an instruction instructing the system to switch to the distributed mode. In some 

examples, the indication indicates that the data request is a distributed type of data request. 

[0177] In some examples, switching the system to the distributed mode can be achieved by 

adjusting configuration options in a database management system of the hybrid database. 

Configuration files or settings can be modified to enable or disable distributed features, such as 

distributed transaction processing, data partitioning, or replication, based on the indication. In 

some examples, switching the system to the distributed mode can include adding or enabling nodes 

in the system, enabling node replication and distributed query processing, and changing the 

partitioning scheme or redistributing the data across nodes.  
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[0178] In some implementations, multiple computer nodes of the system process the data 

request using one or more RPCs. In some examples, the components in different database servers 

can communicate by using RPCs. In some examples, RPCs can allow an application running on 

one database server to invoke procedures or functions on a remote database server as if they were 

local. RPCs can enable the application to execute database operations or trigger specific actions 

on the remote database server without being aware of the underlying network communication 

details. One example RPC can include sending a request by a client application running on a server 

to execute a procedure, which is marshalled, transmitted over the network, and executed on the 

remote server. The result is then returned to the client application for further processing. RPCs 

facilitate distributed computing and seamless interaction with remote databases. 

[0179] FIG. 7 shows a flowchart of an example process 700 for data request processing, in 

accordance with some implementations of the present disclosure. Process 700 can be performed 

by any suitable device disclosed herein, such as hybrid database 200. Accordingly, the following 

description of process 700 is provided with respect to hybrid database 200. In some 

implementations, some or all of the operations in process 700 are implemented based on the 

techniques described in connection with FIGS. 1-5. The operations shown in process 700 may not 

be exhaustive and that other operations can be performed as well before, after, or in between any 

of the illustrated operations. Further, some of the operations may be performed simultaneously, or 

in a different order than shown in FIG. 7. 

[0180] Process 700 starts when a system, for example, database 200, receives a data request 

(702). In some implementations, the data request queries data stored in one of more nodes, for 

example, servers 202a and 202b, of the system. In some implementations, the system is configured 

as a hybrid database to dynamically switch between a stand-alone mode and a distributed mode. 

[0181] In some implementations, the data request is a SQL query. In some examples, a SQL 

query is a command or statement that is used to retrieve, manipulate, or manage data in a database 

management system. A SQL query allows users to interact with the database by performing 

operations such as data retrieval, insertion, deletion, and modification. In some examples, a SQL 

query includes keywords, expressions, and clauses that define the desired operation on the 

database. An example of a SQL query is the SELECT statement, which is used to retrieve data 

from one or more database tables based on specified conditions. Other examples of SQL queries 

include INSERT, UPDATE, and DELETE statements, which are used to add, modify, or delete 

data in the database. 

[0182] In some examples, a SQL query can involve various clauses such as WHERE, JOIN, 

GROUP BY, HAVING, ORDER BY, and LIMIT, which provide additional filtering, sorting, and 

grouping functionalities to refine the query results. 
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[0183] The system determines whether to process the data request using serial execution or 

parallel execution based on a data volume of the queried data (704). In some implementations, the 

system determines whether to process the data request using serial execution or parallel execution 

based on one or more of data volume, query complexity, hardware resources, query optimization, 

data dependencies, system load, or cost-benefit analysis. 

[0184] In some examples, if the query involves simple operations or a small dataset, serial 

execution can be sufficient. However, for complex queries involving large datasets or intensive 

computations, parallel execution can provide performance benefits. In some examples, parallel 

execution can be used if the system has sufficient parallel processing capabilities. In some 

examples, serial execution can be used if the optimizer provides an efficient execution plan. If the 

optimizer struggles to produce an efficient plan, parallel execution can be used to overcome 

optimization limitations. In some examples, if there are dependencies between different parts of 

the query, serial execution can be used as parallel execution may introduce conflicts and result in 

sub-optimal results. In some examples, if the system is already heavily loaded with concurrent 

queries or processes, serial execution can be used as parallel execution may exacerbate the load 

and degrade overall performance. In some examples, if the potential gains in performance when 

using parallel execution outweigh the associated cost that results from using additional hardware 

resources and requiring more complex query design and administration, parallel execution can be 

used. If the cost of using parallel execution outweighs the potential gains in performance, serial 

execution can be used. 

[0185] In response to determining to process the data request using serial execution, the system 

dynamically processes the data request, based at least on one or more locations where the queried 

data is stored, using one of a local execution method, a remote execution method, or a distributed 

execution method (706). 

[0186] In some examples, in response to determining that all of the queried data is stored in a 

first node of the system that initially receives the data request, the first node performs one or more 

operations on the data stored in the first node. 

[0187] In some examples, in response to determining that a part of the queried data is stored 

in one or more remote nodes of the system which are different from the first node that initially 

receives the data request, the first node acquires the part of the queried data that is stored in the 

one or more remote nodes, performs one or more operations on a part of the data that is stored in 

the first node and the acquired data. 

[0188] In some examples, in response to determining that all of the queried data is stored in a 

remote node of the system that is different from the first node that initially receives the data 
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request, the first node performs one or more operations on the queried data stored in the remote 

node, and receives a query result of the data request to from the remote node. 

[0189] In response to determining to process the data request using parallel execution, the 

system dynamically processes the data request, based at least on one or more locations where one 

or more threads for processing the data request run, using one of a local parallelism method or a 

distributed parallelism method (708). 

[0190] In some examples, in response to determining that the queried data is stored in more 

than one node of the system, multiple nodes of the system can perform one or more operations on 

the queried data in a distributed manner. 

[0191] In some examples, the system processes the data request using multiple threads. In 

response to determining that the multiple threads are running on a same node of the system, the 

system can perform data communication between the multiple threads using a local parallelism 

method, for example, a memory copy method.  

[0192] In some examples, the memory copy method can be used to transfer data between 

different threads or processes that are executing in parallel. The memory copy method can involve 

copying data from one memory location to another within the system’s memory space. The 

memory copy method can allow different threads or processes to access and operate on their own 

local copies of shared data, minimizing the need for costly inter-thread or inter-process 

communication. In some examples, when multiple threads or processes are accessing and 

modifying shared data structures in memory, a memory copy method can be employed to copy the 

relevant data from the shared memory into the local memory of each thread or process. This allows 

each thread or process to work on its local copy independently, avoiding conflicts and ensuring 

data integrity. In some examples, when a database query is divided into subtasks and executed 

concurrently by multiple threads or processes, a memory copy method can be used to transfer 

intermediate query results or subsets of data between the parallel workers. This allows each worker 

to process its assigned portion of the query independently and combine the results later. 

[0193] In some examples, in response to determining that the multiple threads are running on 

different nodes of the system, the system can perform data communication between the multiple 

threads using a distributed parallelism method, for example, a network communication method. 

Examples of the network communication method can include message passing, RPC, socket 

programming, and publish-subscribe systems. 

[0194] In some examples, threads can communicate by sending messages to each other over 

the network. Each thread can explicitly send a message containing data or instructions to another 

thread on a different node. This communication can be synchronous or asynchronous, depending 

on the specific implementation.  
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[0195] In some examples, threads can communicate using RPCs. A thread on one node can 

invoke a procedure or function on a different node as if it were a local function call. The RPC 

mechanism abstracts the network communication details, allowing threads to interact seamlessly.  

[0196] In some examples, threads can establish network connections using sockets and 

exchange data through read and write operations. Sockets allow threads to establish client-server 

communication models, where one thread acts as a server, listening for incoming connections, and 

the other threads act as clients, connecting to the server for communication. 

[0197] In some examples, threads can publish messages (events) to specific topics, and other 

threads that have subscribed to those topics receive the messages.  

[0198] FIG. 8 shows a flowchart of an example process 800 for transaction processing, in 

accordance with some implementations of the present disclosure. Process 800 can be performed 

by any suitable device disclosed herein, such as hybrid database 200. Accordingly, the following 

description of process 800 is provided with respect to hybrid database 200. In some 

implementations, some or all of the operations in process 800 are implemented based on the 

techniques described in connection with FIGS. 1-5. The operations shown in process 800 may not 

be exhaustive and that other operations can be performed as well before, after, or in between any 

of the illustrated operations. Further, some of the operations may be performed simultaneously, or 

in a different order than shown in FIG. 8. 

[0199] Process 800 starts when a system, for example, database 200, receives a request to 

execute a first transaction (802). In some implementations, the system is configured as a hybrid 

database to dynamically switch between a stand-alone mode and a distributed mode. 

[0200] In some examples, the transaction request includes one or more database operations 

such as data retrieval, insertion, modification, or deletion. These operations are executed as a 

cohesive unit, ensuring the integrity and consistency of the data. In some examples, the transaction 

request can include a transaction identifier or context that uniquely identifies the first transaction. 

The transaction request can specify the actions to be performed, the data involved, and any 

conditions or constraints that need to be satisfied for the first transaction to proceed. 

[0201] The system determines whether the first transaction is a stand-alone type of transaction 

or a distributed type of transaction (804). 

[0202] In some implementations, a stand-alone type of transaction is a transaction that operates 

independently and does not involve any coordination or interaction with other concurrent 

transactions. In some examples, a stand-alone type of transaction can be a self-contained 

transaction that executes within the context of a single database session or connection. In some 

examples, a stand-alone type of transaction is associated with a single log stream. A log stream 

includes a sequential and continuous flow of transactional records or log entries that capture the 
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activities and changes made to the database. A log stream is a chronological record of operations 

performed on the database, serving as a persistent and durable history of transaction. 

[0203] In some implementations, a distributed type of transaction is a transaction that spans 

multiple nodes or systems in a distributed environment. Execution of a distributed type of 

transaction can involve coordinating and synchronizing the execution and outcome of the 

transaction across multiple participating nodes or databases. In a distributed transaction, the 

operations within the transaction can involve accessing and modifying data that is distributed 

across different nodes or databases. In some examples, a distributed type of transaction can be 

associated with multiple log streams.  

[0204] In response to determining that the first transaction is a stand-alone type of transaction, 

the system performs one or more operations of the first transaction in the stand-alone mode (806). 

[0205] In some implementations, the system performs the one or more operations using a one-

phase commit method in the stand-alone mode. In some examples, transaction processing in the 

stand-alone mode includes starting the transaction, performing data manipulation operations such 

as retrieval, insertion, modification, or deletion on the database. Concurrency control mechanisms 

are employed to manage concurrent access and maintain data consistency. Validation and integrity 

checks are conducted to ensure data validity against defined constraints and rules. At the end of 

the transaction, a decision is made whether to commit the changes, making them permanent, or 

rollback the transaction, undoing the changes. The transaction concludes with a commit or rollback 

statement, finalizing the transaction process. 

[0206] In some implementations, the system determines the first transaction is associated with 

a single log stream in the stand-alone mode and performs one or more operations of the first 

transaction on a particular node of the system based on a local timestamp service. In some 

examples, the system can obtain a transaction version number of the first transaction using the 

local timestamp service and perform the one or more operations on the particular node based on 

the obtained transaction version number. 

[0207] In some examples, the system can obtain the transaction version number of the first 

transaction using one or more function calls. 

[0208] In response to determining that the first transaction is a distributed type of transaction, 

the system performs one or more operations of the first transaction in the distributed mode (808). 

[0209] In some implementations, the system performs the one or more operations of the first 

transaction using a modified 2PC method in the distributed mode. In some implementations, the 

first transaction is considered successfully committed once the prepare phase of the 2PC protocol 

is completed.  
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[0210] In some implementations, once the prepare phase is completed, the transaction state 

can be set to committed when all participants of the transaction indicating they are ready to 

commit. At this point, the transaction is considered committed and can be returned. 

[0211] In some examples, after receiving the indication that the transaction has been 

successfully committed after the prepare phase, the system can proceed to the commit phase, and 

sends a commit request to all participants. Upon receiving the commit request, each participant 

can apply the changes of the transaction permanently and release any locks or resources held. 

Finally, each participant responds to the coordinator with an acknowledgment of the commit 

operation. 

[0212] In some examples, the system can perform one or more operations on one or more 

participating nodes of the first transaction based on a global timestamp service. In some examples, 

the system can obtain a transaction version number of the first transaction using the global 

timestamp service and perform the one or more operations on the one or more participating nodes 

of the first transaction based on the obtained transaction version number.  

[0213] In some examples, the system can obtain the transaction version number of the first 

transaction using one or more RPCs. 

[0214] FIG. 9 shows a block diagram of example tenants in a hybrid database, in accordance 

with some implementations of the present disclosure. In some implementations, servers 910, 920, 

930, 940, and 950 are similar to servers 202a and 202b. In such implementations, each one of 

servers 910, 920, 930, 940, and 950 is configured to perform operations similar to those described 

with respect to servers 202a and 202b, in addition or as an alternative to the operations described 

below.  

[0215] In some implementations, a tenant in a database system is a logical partitioning or 

segregation of data within the database system. In some examples, tenants are used in multi-tenant 

architectures, where a single instance of a software application serves multiple customers or 

tenants while keeping their data separate and isolated. Each tenant in a multi-tenant database can 

correspond to a distinct organization, customer, or user group that has its own set of data and 

operates independently of other tenants. The purpose of tenancy is to provide data isolation, 

security, and scalability, allowing multiple users or organizations to utilize a shared database 

system while maintaining separation and privacy. 

[0216] In some implementations, a tenant is identified by a unique identifier, such as a 

customer ID or domain name, which is used to differentiate their data and enforce access controls. 

The database schema and tables may be designed in a way that allows the tenant-specific data to 

be stored and retrieved efficiently, often using techniques like row-level or table-level 

multitenancy. 



 36 

[0217] By employing a multi-tenant architecture, organizations can benefit from shared 

resources, reduced infrastructure costs, and simplified maintenance, while still ensuring data 

separation and privacy among tenants. 

[0218] In some implementations, tenants can be implemented as either a stand-alone instance 

or a distributed setup. 

[0219] In some examples, a stand-alone tenant means that the data and resources associated 

with that tenant are managed within a single database instance. The entire data of the tenant is 

contained within one database server, and it operates independently without any distribution of 

data across multiple nodes. As shown in FIG. 9, tenants 912 and 914 can be stand-alone tenants 

when the database is in the stand-alone mode, as the data of either tenant 912 or tenant 914 is 

contained within server 910. Tenants 922, 924, 932, and 934 can also be stand-alone tenants when 

the database is in the distributed mode, as the entire data of each tenant is contained within one 

database server. 

[0220] In some examples, a distributed tenant refers to a setup where the data and resources 

of a tenant are distributed across multiple nodes or servers within the database. This distribution 

allows for better scalability, performance, and fault tolerance. As shown in FIG. 9, tenants 944 and 

952 belong to a same tenant which can be a distributed tenant when the database is in the 

distributed mode, as they are distributed in different database servers. Tenants 942 and 954 can be 

stand-alone tenants when the database is in the distributed mode, as the entire data of each tenant 

is contained within one database server. 

[0221] The multi-tenant approach that includes stand-alone tenants and distributed tenants, as 

described herein, combines the advantages of centralized tenant management and the scalability 

of a distributed architecture, ensuring efficient performance for each individual tenant within the 

database. 

[0222] FIG. 10 shows a schematic diagram of an example electronic device 1000, in 

accordance with some implementations of the present disclosure. In some implementations, 

electronic device 1000 is an example of one or more of compute nodes 102a-b, data nodes 104a-

b, GTM node 106, SLB node 112, server 116, servers 202a-b, and servers 910, 920, 930, 940, and 

950. As shown, electronic device 1000 includes one or more processors 1002, one or more 

memories 1004, and a database 1006. In some implementations, electronic device 1000 further 

includes one or more systems/components for performing any one or a combination of steps 

described in the present disclosure. 

[0223] It is to be noted that although process steps, method steps, algorithms or the like may 

be described in a sequential order above, such processes, methods and algorithms may generally 

be configured to work in alternate orders, unless specifically stated to the contrary. 
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[0224] The processes and logic flows described in this document can be performed by one or 

more programmable processors executing one or more computer programs to perform the 

functions described herein. The processes and logic flows can also be performed by, and apparatus 

can also be implemented as, special purpose logic circuitry, for example, an FPGA or an ASIC 

(application specific integrated circuit). 

[0225] Processors suitable for the execution of a computer program include, by way of 

example, both general and special purpose microprocessors, and any one or more processors of 

any kind of digital computer. Computer readable media suitable for storing computer program 

instructions and data can include all forms of nonvolatile memory, media and memory devices. 

The processor and the memory can be supplemented by, or incorporated in, special purpose logic 

circuitry. 

[0226] While this document may describe many specifics, these should not be construed as 

limitations on the scope of an invention that is claimed or of what may be claimed, but rather as 

descriptions of features specific to particular embodiments. Certain features that are described in 

this document in the context of separate embodiments can also be implemented in combination in 

a single embodiment. Conversely, various features that are described in the context of a single 

embodiment can also be implemented in multiple embodiments separately or in any suitable sub-

combination. Moreover, although features may be described above as acting in certain 

combinations and even initially claimed as such, one or more features from a claimed combination 

in some cases can be excised from the combination, and the claimed combination may be directed 

to a sub-combination or a variation of a sub-combination. Similarly, while operations are depicted 

in the drawings in a particular order, this should not be understood as requiring that such operations 

be performed in the particular order shown or in sequential order, or that all illustrated operations 

be performed, to achieve desirable results. 

[0227] Only a few examples and implementations are disclosed. Variations, modifications, 

and enhancements to the described examples and implementations and other implementations can 

be made based on what is disclosed. 
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CLAIMS 

1. A computer-implemented method for transaction processing, comprising: 

receiving, by a system, a first transaction, wherein the system is configured as a hybrid 

database to dynamically switch between a stand-alone mode and a distributed mode; 

determining, by the system, whether the first transaction is a stand-alone type of transaction 

or a distributed type of transaction; and 

in response to determining that the first transaction is a stand-alone type of transaction, 

performing, by the system, one or more operations of the first transaction in the stand-alone mode; 

or 

in response to determining that the first transaction is a distributed type of transaction, 

performing, by the system, one or more operations of the first transaction in the distributed mode. 

 

2. The computer-implemented method of claim 1, wherein:  

performing the one or more operations of the first transaction in the stand-alone mode 

comprises: 

performing, using a one-phase commit method, the one or more operations of the 

first transaction; and 

performing the one or more operations of the first transaction in the distributed mode 

comprises: 

performing, using a two-phase commit method, the one or more operations of the 

first transaction. 

 

3. The computer-implemented method of claim 1, wherein performing the one or more 

operations of the first transaction in the stand-alone mode, comprises: 

determining that the first transaction is associated with a single log stream; and 

in response to determining that the first transaction is associated with a single log stream, 

performing, based on a local timestamp service, the one or more operations of the first transaction 

by a node of the system. 

 

4. The computer-implemented method of claim 3, wherein performing, based on the local 

timestamp service, the one or more operations of the first transaction by a node of the system, 

comprises: 

obtaining a transaction version number of the first transaction using the local timestamp 

service; and 

performing, based on the transaction version number, the one or more operations by the 
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node. 

 

5. The computer-implemented method of claim 4, wherein obtaining a transaction version 

number of the first transaction using the local timestamp service, comprises: 

obtaining the transaction version number of the first transaction using one or more 

functional calls. 

 

6. The computer-implemented method of claim 1, wherein performing, by the system, one or 

more operations of the first transaction in the distributed mode, comprises: 

performing, based on a global timestamp service, the one or more operations by one or 

more participating nodes of the first transaction, wherein the one or more participating nodes 

comprise one or more nodes of the system. 

 

7. The computer-implemented method of claim 6, wherein performing, based on the global 

timestamp service, the one or more operations by one or more participating nodes of the first 

transaction, comprises: 

obtaining, using the global timestamp service, a transaction version number of the first 

transaction; and 

performing, based on the transaction version number, the one or more operations by the 

one or more participating nodes of the first transaction. 

 

8. The computer-implemented method of claim 7, wherein obtaining, using the global timestamp 

service, a transaction version number of the first transaction, comprises: 

obtaining, using one or more remote procedure calls (RPCs), the transaction version 

number of the first transaction. 

 

9. A system for transaction processing, the system comprising: 

one or more processors; and 

one or more computer-readable memories coupled to the one or more processors and 

having instructions stored thereon, wherein the instructions are executable by the one or more 

processors to perform operations comprising: 

receiving a first transaction, wherein the system is configured as a hybrid database 

to dynamically switch between a stand-alone mode and a distributed mode; 

determining whether the first transaction is a stand-alone type of transaction or a 

distributed type of transaction; and 
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in response to determining that the first transaction is a stand-alone type of 

transaction, performing one or more operations of the first transaction in the stand-alone mode; or 

in response to determining that the first transaction is a distributed type of 

transaction, performing one or more operations of the first transaction in the distributed mode. 

 

10. The system of claim 9, wherein:  

performing the one or more operations of the first transaction in the stand-alone mode 

comprises: 

performing, using a one-phase commit method, the one or more operations of the 

first transaction; and 

performing the one or more operations of the first transaction in the distributed mode 

comprises: 

performing, using a two-phase commit method, the one or more operations of the 

first transaction. 

 

11. The system of claim 9, wherein performing the one or more operations of the first transaction 

in the stand-alone mode, comprises: 

determining that the first transaction is associated with a single log stream; and 

in response to determining that the first transaction is associated with a single log stream, 

performing, based on a local timestamp service, the one or more operations of the first transaction 

by a node of the system. 

 

12. The system of claim 11, wherein performing, based on the local timestamp service, the one or 

more operations of the first transaction by a node of the system, comprises: 

obtaining a transaction version number of the first transaction using the local timestamp 

service; and 

performing, based on the transaction version number, the one or more operations by the 

node. 

 

13. The system of claim 12, wherein obtaining a transaction version number of the first transaction 

using the local timestamp service, comprises: 

obtaining the transaction version number of the first transaction using one or more 

functional calls. 

 

14. The system of claim 9, wherein performing, by the system, one or more operations of the first 
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transaction in the distributed mode, comprises: 

performing, based on a global timestamp service, the one or more operations by one or 

more participating nodes of the first transaction, wherein the one or more participating nodes 

comprise one or more nodes of the system. 

 

15. The system of claim 14, wherein performing, based on the global timestamp service, the one 

or more operations by one or more participating nodes of the first transaction, comprises: 

obtaining, using the global timestamp service, a transaction version number of the first 

transaction; and 

performing, based on the transaction version number, the one or more operations by the 

one or more participating nodes of the first transaction. 

 

16. The system of claim 15, wherein obtaining, using the global timestamp service, a transaction 

version number of the first transaction, comprises: 

obtaining, using one or more remote procedure calls (RPCs), the transaction version 

number of the first transaction. 

 

17. An apparatus for transaction processing, the apparatus comprising: 

one or more processors; and 

one or more computer-readable memories coupled to the one or more processors and 

having instructions stored thereon, wherein the instructions are executable by the one or more 

processors to perform operations comprising: 

receiving a first transaction, wherein the apparatus is configured to dynamically 

switch between a stand-alone mode and a distributed mode; 

determining whether the first transaction is a stand-alone type of transaction or a 

distributed type of transaction; and 

in response to determining that the first transaction is a stand-alone type of 

transaction, performing one or more operations of the first transaction in the stand-alone mode; or 

in response to determining that the first transaction is a distributed type of 

transaction, performing one or more operations of the first transaction in the distributed mode. 

 

18. The apparatus of claim 17, wherein:  

performing the one or more operations of the first transaction in the stand-alone mode 

comprises: 

performing, using a one-phase commit method, the one or more operations of the 
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first transaction; and 

performing the one or more operations of the first transaction in the distributed mode 

comprises: 

performing, using a two-phase commit method, the one or more operations of the 

first transaction. 

 

19. The apparatus of claim 17, wherein performing the one or more operations of the first 

transaction in the stand-alone mode, comprises: 

determining that the first transaction is associated with a single log stream; and 

in response to determining that the first transaction is associated with a single log stream, 

performing, by the apparatus based on a local timestamp service, the one or more operations of the 

first transaction. 

 

20. The apparatus of claim 19, wherein performing, by the apparatus based on the local timestamp 

service, the one or more operations of the first transaction, comprises: 

obtaining a transaction version number of the first transaction using the local timestamp 

service; and 

performing, by the apparatus based on the transaction version number, the one or more 

operations. 

 


