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Abstract—Distributed database systems are extensively utilized
to provide cloud services for online map platforms, offering
consistency, disaster recovery, and high performance, whereas
traditional systems relying on singly-homed architecture face
challenges in scaling for large-scale services. In this paper, we
propose the architectural design of OceanBase (OB), a distributed
database system that ‘‘unitizes” services and operations into
individual machines. The unitization approach migrates from a
singly-homed to a multi-homed design across multiple regions. By
leveraging this feature, OceanBase ensures data replication and
seamless service handover when a machine goes offline. However,
communication overhead between regions can sometimes be
burdensome. To address this issue, OceanBase unitizes read
and write operations, and employs a hybrid centralization and
unitization approach that is dynamically optimized for Online
Transaction Processing (OLTP) and Online Analytical Processing
(OLAP). To validate our design, we deploy OceanBase on
AMap, an online map application platform supporting large-
scale distributed services. Through a series of experiments, we
demonstrate that OceanBase exhibits enhanced disaster tolerance
capabilities and achieves improved performance for both write-
intensive and read-intensive benchmarks.

I. INTRODUCTION

With the rapid growth of data volume, the use of distributed
database systems has become the prevailing trend in today’s
Internet industry. Leading Internet companies, such as Google
and Alipay, have developed their own distributed database
systems [1[]-[3]]. In a distributed scenario, the database system
is deployed across multiple nodes and interconnected by a
network, creating a logically unified database system. By
distributing the workload across multiple nodes, they can
handle concurrent transaction requests with minimal latency,
making them highly efficient in serving a large number of
users and supporting robust business operations.

In distributed systems, high availability and high perfor-
mance have become two critical metrics for evaluating effec-
tiveness. In a standalone database system, failure of a single
server can result in significant downtime and block subsequent
query requests. This limitation makes single-point servers and
applications susceptible to bottlenecks. To address this issue,
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many systems employ disaster recovery techniques such as
adding machines and splitting applications. For example, in
numerous financial business scenarios, the horizontal expan-
sion model across multiple Internet data centers (IDCs) has
been widely adopted. However, for systems with hundreds of
millions of users, relying solely on IDC-level disaster recovery
may prove insufficient. It becomes imperative to consider
disaster recovery on the deployment level by distributing
IDCs across geographically distinct areas, safeguarding against
potential threats such as earthquakes and tsunamis. Normally,
typical systems such as bank systems apply the classic “two
cities and three centers” requirement for IDC deployment.
Disaster recovery plays a crucial role in ensuring a system’s
resilience in the face of catastrophic damage. However, it is
equally important for a system to be capable of handling large-
scale requests promptly, minimizing latency for end-users.
Even though single-point reading and writing can guarantee
data consistency, they will lead to performance bottlenecks
with a high volume of requests. To address this, many systems
opt to distribute data and computational resources across
different nodes, enabling the distribution of services. Each
user’s request is directed to an independent node, where read
and write operations are executed on partitioned data within
that node. For some sophisticated cases, a user’s service may
involve multiple requests, each of which can be routed to a
different node. Hence, accessing a geographically proximate
node becomes crucial in significantly enhancing response
speed, thereby improving overall system performance.
Building upon the requirements just described, we introduce
the concept of “OceanBase unitization”. The term “unit” refers
to a self-contained ensemble that can execute all business op-
erations. This ensemble encompasses all necessary services for
various businesses. The “unit” is employed as the fundamental
deployment entity, and multiple units are distributed across all
IDCs within the entire site. Each unit handles all applications
required by the system, with the data being a partitioned subset
of the dataset based on certain criteria. In contrast to the
traditional service-oriented architecture (SOA), where services
are organized in layers with varying numbers of nodes, the
unitized architecture retains an integrated structure. However,
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in this case, each node within a layer exclusively belongs to
a specific unit. When an upper layer invokes a lower layer,
only nodes within the same unit are selected. This approach
facilitates the implementation of a multi-active solution in the
unitized architecture, effectively isolating system deployment
and core traffic. Consequently, it enables more flexible scala-
bility and robust disaster tolerance solution.

From an availability perspective, data are logically and
physically partitioned into sub-databases and tables that are
assigned to each unit. This enables requests sent to a failed
unit to be handled by another active unit, ensuring continuous
service availability. Requests tend to access the geographically
proximate units according to a routing policy. In terms of per-
formance, concurrent requests are efficiently distributed across
multiple units, achieving a balanced workload. In addition,
depending on the specific application scenarios, read and write
(R/W) operations can be either unitized or centralized. To
reduce synchronization overhead for OLAP workloads, we
strategically transition to centralized writing. This flexible de-
sign maximizes concurrent transaction throughput and enables
high-performance query responses in Big Data environments.

AMap [4], a leading Chinese provider of mobile digital
maps, navigation, and real-time traffic information services,
offers users a comprehensive platform for various services
such as navigation and ride-hailing. To handle its significant
volume of user requests, AMap relies on distributed database
systems. Previously, AMap utilized MongoDB [5]], but it
encountered issues such as high CPU usage and service
interruptions due to inefficiencies in the distributed document
storage system. To overcome these challenges, AMap migrated
its services to Lindorm [6]] and Elasticsearch (ES) [7]], which
improved retrieval tasks but lacked the capability to execute
full SQL-like queries as in traditional relational databases. As
a result, designing a cloud-native and industry-independent
architecture has become the future direction for AMap servers.
Specifically, for AMap’s core services, the key areas of re-
search and development areas include providing cross-regional
disaster recovery and ensuring high throughput during high
concurrent request situations. This study primarily focuses on
deploying OceanBase [2] on AMap’s application platform,
using a unitized architecture. The contributions of this paper
can be summarized as follows:

1) Disaster recovery: OceanBase’s unitization, and three-site
five-center deployment provide seamless unit switching to
ensure that there is no data loss or interruption, achieving
high data availability and business continuity.

2) High performance: OceanBase enables users to access
data centers that are geographically close to them, re-
ducing latency and minimizing network congestion. To
enhance high throughput for R/W requests, it implements
a combination of unitized and centralized approaches.

3) Consistency: It implements replication synchronization
among different units to guarantee data consistency.

4) We deploy the unitized OceanBase systems on AMap
for many applications, providing high availability and
throughput for OLAP and OLTP. OceanBase’s unitized

architecture has shown significant performance advan-
tages in AP and TP, outperforming its competitors, show-
casing strong data processing capabilities and efficient
query mechanisms.

This paper is organized as follows. §I] presents OceanBase-
based AMap business scenarios. §III] provides an overview of
the OceanBase distributed database system. describes the
design of OceanBase unitization. We present the experiments
in §V] to prove the high availability and high performance of
OceanBase unitization built for AMap applications. We present
lessons learned in and review the related work in
Finally, we state the conclusions in OceanBase is an
open-source project under Mulan Public License 2.0 [§] and
the source code referenced in this paper is available on both
Gitee [9] and GitHub [10].

II. OCEANBASE-BASED AMAP BUSINESS SCENARIOS

We introduce three typical business scenarios, where Ocean-
Base addresses the challenges posed by each scenario using a
unitized architecture.

A. Use Case 1: Strong Consistent Finance

The AMap finance and settlement service primarily offers
the settlement and financial data services, which require strong
data consistency, data loss prevention, and cross-regional dis-
aster recovery capabilities. As shown in Figure (1} user data,
monetary flows, and information flows are controlled by the
business channels, financial channels, and financial accounting
modules, respectively.

AMap offers a variety of services, with each complete
service consisting of multiple sub-services that form a complex
business chain. The business modules control the interaction
between services, monitor and manage the various states of
the business processes. In the event of a failure in any part
of the business chain, AMap’s system must promptly detect
the faulty service, restart any unfinished processes, and ensure
the normal execution of business processes from the user’s
perspective.

In terms of monetary and information flows, the finance and
settlement service plays a crucial role in calculating payments
with B-side merchants. It requires a high level of data con-
sistency to avoid errors in payment calculations arising from
inconsistency. Thus, to enhance the availability of the finance
and settlement system, AMap requires a database system that
supports disaster recovery across regions and provides strong
data consistency.

Data Funds Information

Financial channel
payment refund

Business
process status

Financial accounting
clearing and settlement

Business management Money management Financial center

Fig. 1. Financial settlement business workflow.
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Example 1. When a user places a transaction order, the
upstream e-commerce business interacts with downstream sup-
pliers, generating transaction and order data. As an order is
created, funds are calculated and disbursed to downstream
suppliers. To enhance the consumer experience, the service
offers prepayment to users and safeguards against consumer
losses caused by problems with downstream fund services.
All these services involve a circulation of funds, necessitating
strong consistency in reading and writing data to ensure data
integrity and prevent situations where multiple or incorrect
payments occur due to data synchronization delays.

B. Use Case 2: Cloud Synchronization (OLTP)

AMap cloud synchronization is a fundamental business
service and is responsible for cloud storage of data and
synchronization across multiple devices. As shown in Fig-
ure [2] different end-point systems (mobile phones, tablets,
in-car systems) simultaneously access the cloud system from
different nodes and perform multiple read and write operations
on cloud data (such as user location information, user account
information, etc). In the corresponding business scenarios,
it is necessary to ensure accurate data writing across mul-
tiple devices, timely updates, and fast data retrieval after
switching devices. As AMap’s business rapidly expands, the
cloud synchronization system must store a vast amount of
data. Therefore, in AMap’s cloud synchronization service, the
database system must support massive data storage, enable
multiple point writing, and ensure excellent performance for
read and write operations.

Search History
Driving Track
Collection Location

Cloud Synchronization

User Settings

Fig. 2. Cloud synchronization for multi-device data.

Example 2. Users mark and save places of interest on AMap.
They have the option to create multiple favorite directories,
which enable them to view and manage their collections at
any time. With this feature, users can easily navigate and plan
routes to their saved locations, facilitating the discovery and
navigation to their favorite places during their daily travels. In
addition, users can share their favorite places and collections
with other users. AMap provides services for managing and
sharing geographic information, which requires efficient write
operations to ensure that the information is up-to-date using
real-time synchronization.

C. Use Case 3: Online Review Service and High-Definition
Map (OLAP)

The AMap review service is an information platform based
on user evaluations that aims to provide users with more

accurate and practical review information and assist them in
making better choices. It consists of two main aspects: user
comments and merchant responses. Users can evaluate mer-
chants on AMap platforms, providing ratings and comments
on aspects such as service quality, product quality, and envi-
ronment. Merchants can respond to user comments, explain
and resolve issues, and communicate with users through the
AMap platform interface.

Normally, the contents of comments are monitored by the
Content Moderation Service, and therefore write transactions
per second (TPS) may not be very high. However, the content
will be displayed across various end points within AMap,
requiring a short response time (RT). Unlike Use Case 2,
the review service involves fewer write operations than read
operations. As a result, we are motivated to centralize the write
operations, aiming to minimize synchronization overhead.
Generally, the overall RT must be controlled within 15ms for
optimal performance. Figure [3] presents a pain point analysis
of the AMap review service and OceanBase solution.

Review system pain point OceanBase solution

Single write Multi-active in
Multiple reads different places
MALEIDG mltsecve
. disaster recovel
Multiple reads nearby Multi-IDC load balancing
Massive data storage Scalability
— . AT D
units
Horizontal R/W scale-out
High-cost Low-cost
High storage costs

Fig. 3. Review service pain point analysis and OceanBase solution.

Example 3. In the AMap review service, merchants can
post articles describing their products, and users can browse
these posts and comments on those that pique their interest.
AMap’s rating system ensures that user reviews are updated
in real-time, enabling other users to access the most current
evaluation information simultaneously. Merchants can utilize
the AMap platform to respond to user reviews, resolving
issues and enhancing the quality of their services. Given this
interaction model, the frequency of user posts is notably lower
than the volume of post browsing. As a result, it is essential
to provide an efficient read operation to cater to the needs of
a large user base.

AMap High-Definition Map is another OLAP service, and
it is a highly accurate geographical information service that
provides centimeter-level positioning accuracy and detailed
road and traffic data, including 3D modeling and real-time
dynamic information. This kind of map is a key foundation
for autonomous driving, advanced driver-assistance systems
(ADAS), intelligent transportation systems, and urban plan-
ning and location services. Its high accuracy and detailed data
are crucial for the development of intelligent transportation
and autonomous driving technologies.
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III. OCEANBASE OVERVIEW

In this section, we introduce the basic architecture of Ocean-
Base from two aspects: the storage and transaction engines.

A. Storage Engine

Its storage engine leverages an LSM-tree structure, dividing
data into static SSTables and dynamic MemTables. It uses
a hybrid row-column format and stores data in fixed-size
2MB macro blocks comprising several 16KB micro blocks,
which are the smallest /O units containing multiple data
rows. It adopts user-defined data compression in micro blocks,
offering over 10x compression ratio compared to traditional
methods and supporting various encoding techniques suitable
for columnar compression. It also features B+Tree and Hash
indexing, optimizes for hot data access, and ensures high query
performance. It uses a shared-nothing architecture with multi-
version concurrency control, relying on the Paxos protocol for
consistency, eliminating single points of failure, and ensuring
system availability. It scales dynamically, rebalancing data
across nodes after expansion without impacting upper services.

B. Transaction Engine

OceanBase employs a concurrency control model that en-
sures high-performance, scalability, and low-latency transac-
tions with built-in high availability and disaster recovery. As
shown in Figure [] tables are distributed across nodes in
different partitions, with fault tolerance enabled by the Paxos
protocol. To maintain external consistency, it uses a Global
Timestamp Service (GTS) with peer-to-peer nodes, where
each node keeps a Global Timestamp Cache. OceanBase
offers snapshot read and read-committed isolation levels for
consistency in distributed systems. It uses a multiversion
storage approach, allowing transactions to be tagged with
global read and commit version numbers. New versions are
stored in memory for updates along with the transaction’s
global commit version number.

—
| Partition P Global TS Cache
Read r1: 90 Transaction table ;‘2);31 ?:;' (:;?d:i;e (r3)
_ ts: 100 .. s 80 -
val: a val: b Txn Status  Version Max. committed Txn TS:
...... > ——
txn: 10 txn: 7 6 ABORT MAX e
Read r2; 130
O\, ts: MAX ts: 100 7  COMMIT 80
N N . Lock Manager
______ LREliE Rl 10 COMMIT 100
txn: 12 txn: 10
~ 12 RUNNING MAX
Read rj.\I:U ts: MAX _ ts: 100
—- g = - 15 PREPARE 130 Log Service
______ -
txn: 15 txn: 10
Log stream Schema Service

Fig. 4. Multi-version read consistency implementation.

Updates in a partition are tracked with version, value, and
transaction ID, allowing for multiple versions. Transactions are
tracked in a memory table with their ID, status, and version.
Consistency protocols ensure log synchronization across the
majority of nodes for a partition. Lock Manager orchestrates
concurrent transaction access to prevent conflicts and ensure
data integrity, while Log Service [11] manages operation logs

for persistence and recovery, enhancing reliability and fault
tolerance. Schema Service maintains metadata and schema
information, facilitating database structure management in
response to business changes.

IV. SYSTEM DESIGN

According to the three typical business scenarios described
in Section [[I} OceanBase employs a unitization architecture,
providing robust resilience capabilities, ensuring high data
consistency and improving concurrent R/W efficiency.

A. Unitization Overview

Commonly, a distributed architecture in the industry mainly
includes single-active, dual-active, multi-active, and cold
backup architectures. From the perspective of disaster recovery
capabilities, these architectures can achieve cross-IDC disaster
recovery at application level. However, because they use
asynchronous replication technology, databases cannot achieve
zero recovery point objective (RPO) at the data center level.

Multi-Site High Availability (MSHA) is a robust deploy-
ment architecture for distributed systems. The unitization ar-
chitecture of logical data centers is the solution for OceanBase
to achieve MSHA. The term “unit” refers to a self-contained
collection that can perform all business operations, including
their services and allocated data. The unitization architecture
takes the unit as the basic deployment unit, deploying several
units in each data center. Optimal routing policies are em-
ployed to efficiently handle requests that access multiple units
across various data centers, minimizing network overhead.
If one unit fails, other units seamlessly take over incoming
requests, ensuring high availability. By deploying units across
different regions, OceanBase can easily support availability in
regional level. Data are partitioned based on specific criteria,
enabling multi-point read and write operations and mitigat-
ing centralized operation bottlenecks. To accommodate the
growing number of user requests, the deployment can be
horizontally expanded by adding more units. This facilitates
system scalability, effectively handling increased user demand.

From the unitization perspective, there are three types of
data in a system:

Partitionable Data: Data can be partitioned according to a
selected dimension, which can truly be unitized. This type of
data is usually the core of unitization architecture. Examples
include order, payment transaction, and account data. The
higher the proportion of this type of data in the system, the
higher the degree of unitization will be. If the system consists
entirely of this type of data, a perfect unitization architecture
can be built.

Global Data (Not Frequently Accessed by Key Business
Chains): these data cannot be partitioned and only exist glob-
ally. A typical example is configuration data, which may be
accessed by key business chains, but not frequently. Therefore,
even if the access speed is not fast enough, this will not
significantly impact business performance.

Global Data (Frequently Accessed by Key Business
Chains): this type of data is similar to the previous type, but
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differs in that they are frequently accessed by key business
chains. If the system is not deployed in a geo-distributed
manner, the data have little impact on the distributed system.
However, if we want to achieve MSHA by means of uniti-
zation, this type of global data will be accessed by different
units, resulting in additional overheads.

As shown in Figure[5] the unitization architecture in Ocean-
Base includes Region Zone (RZone), Global Zone (GZone),
and City Zone (CZone). The GZone deploys data and business
activities that cannot be split, whereas RZones deploy business
and corresponding data that can be split. A GZone is globally
deployed only once, and is relied upon by RZones. Each
data shard within an RZone has five replicas, achieving a
three-site, five-IDC deployment. Each shard has only one
writable primary replica; the remaining replicas maintain
strong data consistency using the Paxos protocol [12]. Each
RZone achieves unit encapsulation, independently handling all
its own operations. CZones emerge because the GZone is glob-
ally deployed only once, but RZones in different cities may
require remote access to GZone services and data, resulting
in significant latency. Therefore, a CZone is deployed in each
city as a read-only replica of the GZone, providing services
to the RZone in that city.

The unitization architecture accomplishes application and
data splitting in a distributed architecture. In geographically
distributed scenarios, it resolves remote access latency issues
through traffic routing. In multi-user scenarios with multi-
point reading and writing, the unitization architecture decides
whether to centralize write operations based on different
application requirements, ensuring high throughput in both
OLTP and OLAP.

B. Unitization for Disaster Recovery

Financial services require strong data consistency and cross-
region disaster recovery. Considering the costs of deployment
and availability, we choose an architecture with five data cen-
ters across three cities. Furthermore, this scalable architecture
allows for horizontal expansion, enabling the addition of more
data centers across multiple cities.

OceanBase enables financial data to be simultaneously
written to multiple regional data replicas, ensuring availability
of complete data even if one region becomes unavailable.
The Paxos consensus protocol in OceanBase guarantees that a
response is successful only when multiple replicas of data have
been successfully written, ensuring strong data consistency for
distributed replicas.

1) Deployment of five centers across three cities: Maximiz-
ing the proportion of RZones and minimizing the GZone can
improve the efficiency of a unitization architecture system. In
a typical unitization architecture system with three cities and
five centers, the units can be deployed as shown in Figure [3

Firstly, we deploy RZones in the two main cities and the
last RZone in the third city to run sharded applications. We
ensure that at least four sets of RZones are deployed, with
each set being deployed across data centers in the two cities
(i.e., City 1 and City 2), and the fifth RZone is deployed

City 1
( EEEEEEEEEEE — \
| GZone A  GZone B E
'
_________________ a--’
DatalAccess i
Data |Sync
OceanBase i i
City 2 For GZone i City 3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S N
CZone B CZone A CZone C
,,,,,,,,, O A A
'! \\ /, \\ 0
7777777 N B e B | S
[ ya N Ve AN 1
RZone 3 RZone 4 RZone 1 RZone 2 RZone 5
DatalAccess
Distributed Database OceanBase (For RZone)
@oBry (Cos1 ) (CoB1 ) (CoB1 ] 0B1
(osz ] ([@oB2D) (CoB2 ) (CoB2 ] 0B2
(CoB3_) 0B3 ) (CoB3 ) (Cos3 ] 0B3
(CoB4 ] 0B4_ (oB4 ) (CoB4 ] 0B4
(Coss ) (Coss) (Coss ] (Coss )
[T [T

Fig. 5. Architecture of OceanBase unitization.

in the third city (i.e., City 3). The GZone can handle all
public services, reducing deployment costs, development costs,
and operating costs. We deploy the primary GZone in one
of the main cities (City 1) to handle non-horizontal scalable
businesses. Optionally, we can deploy a backup GZone in the
other main city (City 2) as a remote disaster recovery point
for the primary GZone. The backup GZone is designed to
ensure the availability of disaster recovery capabilities and can
handle a small amount of daily business traffic. To simplify the
overall architecture, we introduce a CZone, solely for backup
purposes. More practically, if it is observed that the cross-city
access from the RZone in City 2 or the backup GZone to
GZone data in City 1 appears to cause an intolerable impact
on business operations (such as excessively long response
time), a decision will be made to trigger the deployment
of an additional CZone. This additional deployment helps
to alleviate any adverse effects on network conditions and
maintain optimal performance.

Example 4. Taking the example shown in Figure as
an illustration, when there is a failure in RZone 1, we
switch RZone 1 to RZone 2, realizing local disaster recovery.
Database sharding is performed initially, and the replica of
Shard 1 in RZone 2 is promoted to the primary replica. After
promotion is complete, the traffic from RZone 1 is switched to
RZone 2, achieving local disaster recovery with a Recovery
Point Objective (RPO) of 0 and a Recovery Time Objective
(RTO) of less than 8 seconds. Similarly, for remote disaster
recovery, if RZone 1 experiences a failure, the replica in RZone
3 is switched to the primary replica, taking charge of future
requests. This process also achieves an RPO of 0 and an RTO
of less than 8 seconds.

2) Write-Ahead Log: OceanBase ensures data correctness
and integrity during system crashes through a write-ahead log
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(WAL) mechanism. OceanBase possesses native capabilities
to support concurrent writes to multiple data replicas without
synchronous delay issues. In traditional database systems,
write operations typically require synchronous writes, where
the operation waits for the data to be written to disk before
returning a success response. This synchronous write approach
introduces write latency, reducing system write performance
and throughput. However, a WAL approach named PALF
(Paxos-backed Append-only Log File system) [11]] is em-
ployed to handle write operations in OceanBase. When data
are written to OceanBase, the write operation is first recorded
in the WAL, which immediately returns a success response.
This asynchronous write eliminates the need to wait for disk
confirmation. OceanBase performs background log flushing to
persist the data onto disk. This approach enables concurrent
writes to multiple replicas without synchronous delay issues.
Multiple write operations can be processed concurrently, writ-
ing to different replicas without blocking one another.

3) Multi-Paxos-based replication: OceanBase relies on the
protocol of Multi-Paxos [13]], an extension of the Paxos
algorithm that uses multiple phases and rounds. It achieves
efficient consensus by introducing one leader and multiple
acceptors. In the OceanBase implementation, the Multi-Paxos
protocol ensures the consistency and reliability of distributed
transactions. It ensures data consistency among nodes, and
provides high availability and fault tolerance through mecha-
nisms such as leader failover. Multi-Paxos optimizes the Basic-
Paxos by electing a leader within the Paxos cluster. During
the leader’s term, all proposals are initiated by the leader. This
strengthens the assumption of the protocol, that no other server
proposes during the leader’s term. As a result, for subsequent
proposals, the generation of log IDs and the Prepare phase
can be simplified. The unique leader generates log IDs and
directly performs the Accept phase, achieving consensus once
a majority confirms the proposal (each redo log corresponds
to a proposal).

C. Unit Writing and Reading

In the cloud synchronization scenario, OceanBase’s multi-
unit synchronization links and the ability of OceanBase Migra-
tion Service (OMS) to synchronize data in seconds ensure low-
latency data synchronization across multiple data centers. For
cloud synchronization, the nature of this application involves
data synchronization across multiple endpoints. By using a
partition key such as the available ID, all operations are
completed within a single unit, improving R/W performance.

1) Routing: Business requests are linked by routing data.
The traffic routing layer consists of two types: ingress traffic
routing and cross-zone service invocation routing.

Ingress traffic routing: The challenge of ingress traffic
routing lies in accurately determining the unit to which a
business request belongs and routing it accordingly. To address
this, it is crucial to have a solution that enables each business
request to carry specific identifiers. By extracting, recognizing,
and calculating these identifiers, the corresponding unit for the
request can be determined.

To achieve this, a collaboration between the business ap-
plication and the ingress traffic routing system is necessary.
Identifiers are set in the business request cookies as part of
the solution. When a user initiates a business transaction from
a client (e.g., PC, mobile app, or other platforms), typically
the first request made is a login request, which is challenging
to associate with a specific unit. The routing policy will
detect the location information and route the request to the
geographically closest unit.

After the user logs in, the responsibility lies with the
authentication center (login system) to write the user ID into
the response cookie, adhering to a predefined format. From
that point on, the client is required to include this cookie in
every subsequent request within the same transaction.

Access to the routing gateway then identifies the cookie
value in subsequent requests. Using the unitization service
routing rules, it parses and calculates the cookie value to de-
termine the appropriate unit for the transaction. Subsequently,
it routes the request to the correct unit accordingly.

Cross-zone service invocation routing: Routing across
zones is automatically handled by the RPC (remote procedure
call) service based on the invocation parameters. Cross-zone
service routing can occur in two situations: The main appli-
cation is processed in GZone but requires the use of services
in RZone (shard data). If the involved RZone is in the same
city as GZone, it will result in intra-city cross-zone service
invocation. If the involved RZone is in a different city from
GZone, it will result in inter-city cross-zone service invocation.

Cross-zone service invocation is transparent to the ap-
plication and is automatically handled by the RPC service
framework of the unitization system. However, much like
ingress traffic routing, the request must include data shard
identification information in the service invocation parameters,
which can then be parsed within the units. This enables the
service framework to accurately parse and calculate the target
unit for the service invocation.

2) OceanBase Migration Service: OceanBase Migration
Service (OMS) [14] is a comprehensive tool designed ex-
clusively for the OceanBase database, enabling efficient data
transmission and synchronization. With OMS, users can seam-
lessly synchronize replicated data across various database
instances, ensuring real-time migration and synchronization
with minimal risk and cost.

In the three-site, five-IDC deployment of OceanBase, the
implementation of the Paxos protocol and multi-replica de-
ployment enables robust cross-region disaster recovery. In the
event of a regional failure in the business center, the disaster
recovery center seamlessly takes over by switching the domain
name. OMS facilitates the creation of a disaster recovery
center through its sub-second switch and real-time verification
functionalities. Moreover, OMS ensures high availability of
components by deploying multiple resource nodes. In the
event of a fault in any OMS unit node, the synchronization
link automatically connects to other available resource nodes,
ensuring uninterrupted transmission.
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3) Data loss issue: In scenarios where a user switches from
one unit to another, data loss may occur if the previously
written data have not yet been fully synchronized due to
network delays. This means that when the user transitions to
another unit, the newly written data may not be immediately
visible or accessible in the new unit, resulting in data loss.

As shown in Figure [f] a potential issue arises when a user
executes operations @ and @, but experiences a unit switch
between the two operations. Assuming that the data delay is
greater than the user operation time, this can lead to permanent
data differences and data errors in OceanBase instances.

User writes data

UPDATE tablel SET
name = ‘a’ WHERE id = 1

UPDATE tablel SET
name = ‘b’ WHERE id = 1

OB cluster (i.e., OB cluster (i.e.,
RZone) in City 1 RZone) in City 2

Fig. 6. Data loss problem.

To provide a clearer explanation, let us consider an example.
For the OceanBase cluster (i.e., RZone) in City 1, if the
data delay is significant, operation ® may be executed first,
followed by the execution of operation @ through synchro-
nization. Consequently, the final data in this scenario would
be id = I and name = ‘a’. Conversely, for the OceanBase
cluster (i.e., RZone) in City 2, operation @ could be executed
initially, with operation @ occurring later. In this case, the final
data would be id = I and name = ‘b’. These discrepancies in
the final data highlight the potential data errors that can occur
due to delays and unit switches.

To address this issue, we have implemented a “write ban
time” on the business side. Additionally, OceanBase leverages
the OMS to synchronize data across IDCs. It is crucial to
prevent data overwriting during OMS data synchronization.
OMS supports data re-chasing before start points and after end
points, associated with timestamp. To ensure data integrity, the
business side locks write operations between the start and end
timestamps of the OMS process.

D. Centralized Writing and Unit Reading

The business characteristics of the review service indicate
that the write TPS will not be excessively high. Although
centralized writing meets the current requirements for sys-
tem development, multi-point writing offers better disaster
recovery capabilities despite introducing challenges like data
conflicts and increased complexity. As a result, we decided to
adopt the approach of centralized writing and unit reading.

The architecture of centralized writing and unit reading is
shown in Figure [/| OceanBase adopts a centralized writing
architecture, where all write operations are concentrated and
processed at the central node. This simplifies the architecture
and reduces data overlap issues. After centralized writing, data

can be accessed through unit reading, making the architecture
simpler without worrying about data overlap.

Centralized writing to the primary node should be synchro-
nized with backup nodes. OceanBase achieves primary-backup
data synchronization across three cities. This means that real-
time data synchronization can be performed between databases
in three cities, ensuring data consistency and reliability. With
its native synchronization capabilities between clusters, Ocean-
Base achieves data synchronization with sub-second latency,
ensuring data immediacy and accuracy.

As shown in Figure [/ the City 2 central primary cluster is
readable and writable, achieving strong consistency for reads.
City 1 and City 3 are backup clusters, synchronized through
OceanBase’s native cluster replication capability with sub-
second latency, providing high-throughput, low-latency read
operations for weekly-consistent heterogeneous storage. Data
consistency is ensured as follows:

Real-time synchronization: OceanBase achieves data con-
sistency with the native synchronization capability between
primary and backup clusters. Offline analysis: OceanBase
utilizes a data analysis and monitoring platform to ensure data
consistency in offline analysis scenarios.

' Unit reading Centralized writing ' Unit reading

City 1 (Secondary) City 2 (Primary) City 3 (Secondary)

Online Review Service Online Review Service

iOnline Review Service

Server Load Balancer Server Load Balancer Server Load Balancer

Cluster
replica

Cluster
replica

cB

OBPROXY
(Primary/Secondary)

CB

OBPROXY
(Primary/Secondary)

cB

OBPROXY
(Primary/Secondary)

o o

OBServer  OBServer

o o

OBServer  OBServer

o o

OBServer ~ OBServer

Fig. 7. Centralized Writing and Unit Reading for Online Review Service.

E. Unitization for Distributed Transactions

Distributed Transaction-eXtended (DTX) is a financial-
grade middleware for distributed transactions that ensures
the eventual consistency of business activities in large-scale
distributed environments. It is widely used within Ant Group
for core financial operations such as transactions, transfers, and
red packets, serving billions of users’ financial transactions.
DTX can be seamlessly integrated with service frameworks
(such as SOFABoot, Spring Cloud, Dubbo), data sources (such
as data access proxy ODP, RDS, MySQL, OceanBase), and
message queues, among other technology middleware products
of Ant Group.

Two-phase commit (2PC) + GTS is a linearly consistent
transaction process for distributed transactions, which is de-
scribed in Algorithm
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Algorithm 1 Distributed transaction execution.

1: // Notify transaction decisions to participants P.

2: procedure LEADER(P)

3: /I Retrieve the maximal timestamp

4 t < max{gts, maz_readable_ts,log_ts}

5: /I Send ready request to participants
6: SENDREQUEST(P, t)
7
8
9

/l Wait for pre-commit from participants
C < WAITPRECOMMIT(P)
: /I Make decision to commit or abort
10: d <+~ COMMITORABORT(C)
11: /I Send decision to participants
12: NOTIFYDECISIONS (P, d)
13: end procedure
14: // Execute the txn 7" on participant with a leader L.
15: procedure PARTICIPANT(L,T')

16: /I Receive timestamps from the leader
17: t < RECEIVETS(L)
18: /I Execute the transaction and write to logs

19: r < EXECUTETX(¢,T)
20: WRITELOGS(r)

21: /I Pre-commit phase

22: max_readable_ts < NOW

23: /I send pre-commit to the leader
24: SENDPRECOMMIT(L, mazx_readable_ts)
25: d + RECEIVEDECISIONS (L)
26: /I commit the transaction?

27: if d = commit then

28: CommIT(L, T)

29: else

30: ABORT(T)

31: end if

32: CLEANUP(T)
33: end procedure

The transaction leader generates a prepare version, which
consists of the maximum value among the global timestamp
(gts) at the tenant level (ensured by Paxos for stability),
the maximum readable timestamp (maz_readable_ts), and
the log timestamp (log_ts). The transaction leader sends a
prepare request to the participant nodes along with the prepare
version. Upon receiving the prepare request, the participant
nodes execute the transaction operations and save the results
to their local transaction logs. After executing the transaction
operations, the participant nodes advance their local maximum
readable timestamp. The participant nodes send pre-commit
messages to the transaction manager, indicating completion
of the prepare phase. The pre-commit message includes the
participant nodes’ maximum readable timestamp. Upon re-
ceiving pre-commit messages from all participant nodes, the
transaction manager sends instructions to all participant nodes.
The participant nodes perform commit or abort operations that
depend on the instructions from the transaction manager. In the
case of a commit operation, the participant nodes release row
locks and respond to the transaction manager with a success

message after a majority of the log replications are successful.
In the case of an abort operation, the participant nodes respond
directly to the transaction manager with an abort message.
Finally, the participant nodes release the transaction context
and clean up related resources.

OceanBase adopts an early lock release (ELR) mecha-
nism to improve transaction processing throughput and reduce
transaction processing latency. The time for which a transac-
tion holds a lock includes four aspects: 1) data writing, 2)
log serialization, 3) network communication for synchronous
backup, and 4) log flushing time. After optimization: 1) Once
log serialization is completed and submitted to the Buffer
Manager, the trigger for releasing row locks begins without
waiting for log majority flush, thereby reducing the time for
which a transaction holds a lock. 2) After a transaction releases
the lock, subsequent transactions are allowed to operate on the
same row, achieving concurrent updates by multiple transac-
tions and improving throughput.

Under the unitization architecture, distributed transactions
can be initiated in both the GZones and the RZones. Transac-
tions initiated in the GZone are written to a single table in a
DTX server. However, for transactions initiated in the RZone,
the DTX server routes the transaction logs to the appropriate
target databases and tables based on their shard IDs. In the
case of transaction recovery, the recovery tasks are exclusively
executed in the GZone. These tasks monitor both the single
database table in the GZone and the sharded databases and
tables in the RZones. By analyzing the transaction log for
sharding information, they determine the target zone to which
the transaction should be routed. This robust approach ensures
efficient and reliable transaction handling, enabling seamless
recovery even in complex distributed environments.

V. EXPERIMENTS

In this section, we evaluate the unitized OceanBase system
based on the AMap benchmark.

A. Experimental Setup

We have deployed OceanBase 4.1.0 in three clusters, with
each cluster containing an Alibaba Cloud ECS instance with
500GB disk space. We have configured the clusters in varying
scales, including: 1) 32-core CPU and 128GB memory; 2)
64-core CPU and 256GB memory. We conducted a compre-
hensive comparison between OceanBase and two commercial
distributed database systems on the cloud, namely CloudDB-
A and CloudDB-B. To ensure a fair evaluation, each of these
systems was deployed in the same region, with an identical
scale of clusters.

In the case of CloudDB-A, we specifically selected the
version that offers high availability and an x86 architecture.
The specifications of the CPU, memory, and disk were kept
consistent with those of OceanBase. Additionally, for the
storage type, we opted for ESSD PL1 cloud disk storage.
For CloudDB-B, we enabled it to create replicas for readers
for multi-region deployment, achieving similar capabilities of
availability and performance compared to OceanBase.
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To comprehensively assess the performance of OceanBase,
we have systematically selected and carefully trimmed Sys-
bench [15]], which simulates various business scenarios from
AMap. In our evaluation, we have created a total of 30 tables,
with each table containing 500K records. This benchmark
consists of five sub-benchmarks, each catering to different
aspects of the system’s functionality:

1) RO (Read Only): We simulate user interactions with pub-
lished posts and comments. This sub-benchmark consists
of ten “Select” queries, which are designed to retrieve
contents based on a given ID, and four additional queries,
which contain aggregated functions. All these read-only
queries are formulated as distributed transactions.

2) RW (Read Write): To simulate realistic cases in the AMap
review system, we introduce four write queries to the RO
sub-benchmark. These queries formalized as distributed
transactions encompass actions such as deletion, inser-
tion, and updates for posts and comments.

3) WO (Write Only): We simulate extreme scenarios for
cloud synchronization, where multiple end devices si-
multaneously modify the same information. WO sub-
benchmark focuses solely on write queries, including
operations such as delete, insert, and update on a given
ID.

4) Insert: This sub-benchmark measures performance in
inserting new tuples into the tables.

5) Update: The Update sub-benchmark evaluates the effi-
ciency of update operations based on a given ID.

To ensure accurate performance measurements, we have ex-
ecuted each query with five warmup runs. The reported
performance values represent the execution time at the 95th
percentile.

B. Performance Comparison

In this experiment, we demonstrated the capabilities of
OceanBase by comparing it with other two baselines. To
evaluate their performance across various stress levels, we
initialized a “user node” for each sub-benchmark and con-
tinually sent requests to the databases. We gradually escalated
the request frequency to 100 thousand transactions per second
(TPS). To assess the performance, we analyze two key met-
rics: the throughput of successful responses and the average
response time (RT) for each request. The throughput represents
the number of successful responses generated per unit of time,
whereas the average response time is calculated by measuring
the duration from the first request sent to the last response
received, divided by the total number of requests.

To assess system scalability, we conducted experiments
by gradually increasing the number of threads in the “user
node”. Each thread consistently sent requests at the same
frequency, resulting in a higher rate of request transmission
as the number of threads increased. This evaluation enabled
us to examine system performance under varying levels of
thread concurrency. Additionally, we evaluated the system’s
performance under different scales. We assessed how the
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Fig. 8. Throughput of different distributed database systems with varying
request frequency and ECS instance modes.

system handles workloads in scenarios with varying levels of
available resources and distributed processing.

Figure [8| compares the performance (TPS) of various dis-
tributed database systems across all sub-benchmarks, using
different cluster scales ranging from 32 cores with 128GB
memory to 64 cores with 256GB memory. The user node
spawns threads (ranging from 4 to 1500) that send benchmark
requests continuously. When the previous request is answered,
the thread immediately sends the next request. Missing points
in the figure indicate that the high pressure of requests has
overwhelmed the database instances.

In read-intensive sub-benchmarks such as RO, OB-cloud
outperformed the other systems when subjected to high pres-
sure of requests and large-scale CPU settings. When the num-
ber of cores is increased to 64, OB-cloud and Cloud-B could
handle requests with 1500 threads. OB-cloud achieves a higher
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Fig. 9. Response time of different distributed database systems when varying
the frequency of requests and ECS instance modes.

throughput because individual units assisted in processing
requests, thereby avoiding overwhelming the primary node.

In write-intensive or high-contention sub-benchmarks such
as INSERT and UPDATE, OB-cloud consistently achieved the
highest throughput across all experimental settings for two
reasons. Write operations are processed by individual units
in OceanBase. Firstly, OceanBase uses an early lock release
strategy that is highly optimized for distributed transactions.
This enables participant nodes to commit before the logs
are serialized on the disk. Moreover, OceanBase employs an
offline synchronization mechanism called OMS to ensure data
consistency among units. In contrast, the other systems require
data modifications on the primary node to be synchronized
with backup nodes to complete the entire procedure. We have
also included the average response time of requests in Figure[9]
which exhibited a similar trend.

C. Storage Cost Comparison

We evaluated the efficiency of OceanBase’s compression
scheme. Given that CloudDB-A and CloudDB-B prioritize
performance and availability over storage optimization, we
conduct our comparison on OceanBase with two commercial
database systems deployed locally, namely DB-A and DB-
B. These baselines apply dedicated compression schemas to
enhance storage efficiency and reduce costs. In Figure [I0] we
gradually increase the size of the original table by inserting
rows, ranging from 10 million to 100 million. With an average
row size of 1K, this leads to the creation of table sizes ranging
from 10GB to 100GB. Clearly, OceanBase outperforms DB-A
by a 8.2x and DB-B by a 2.8 in space-saving capabilities.

—e— OB —— DB-A DB-B

10 T T

Compression Size (GB)
[

07WM7

| |
50 100

Data Size (GB)

Fig. 10. Compression sizes of different distributed database systems when
varying size of dataset.

D. Availability Comparison

OceanBase ensures high availability by distributing units
across multiple regions. To assess system availability, it is
important to simulate scenarios where clusters encounter
disasters or failures. For consistency, we execute the RW
sub-benchmarks using identical cluster configurations, table
schemas, and sizes. Failures can occur in various components,
such as the OB server process, node machine, or network.
Table [I| presents eight common failure cases and provides in-
structions on how to simulate them during experiments. These
simulations enable us to evaluate resilience and performance
in the face of different failure scenarios.

TABLE I
FAILURE CASES FOR AVAILABILITY EXPERIMENTS.

Type Descriptions Commands

F1 Stop the process of observer kill -9 observer

F2 Suspend the process of observer kill -19 observer

F3 Terminate the process of observer kill -15 observer

F4 Reboot any node of cluster reboot

F5 Machine abnormal power-off cold reboot echo b>/proc/sysrq-trigger
F6 Network partition failure set firewall on iptables

F7 Hang the disk of commit logs kill the OB writer

F8

Change the locality of replica

decrease the number of replica

In each failure case, when requests are directed towards a

region that is no longer accessible due to OB cluster failure, an
initial lack of response is observed. However, the unitization
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Fig. 11. RTO of OceanBase for different failure cases.

coordinator promptly detects this issue and redirects those
requests to active units. To quantitatively evaluate system
recovery performance, we measure the RTO. This RTO is cal-
culated as the duration from when the request encounters a “no
response” error until it is successfully answered by other units.
Figure [IT] provides a detailed analysis of the RTO for each
failure case. Notably, the RTO for OceanBase’s unitization
deployment remained consistently below 6 seconds. F2 shows
the largest RTO due to occasional failures in receiving the node
reset message by the OBserver. However, this issue can be
effectively mitigated through parameter tuning. This demon-
strates the system’s ability to swiftly recover from failures
and resume normal operations, ensuring minimal disruption
to request processing.

VI. LESSONS LEARNED

In this section, we detail what we have learned in building
OceanBase utilization for AMap.

A. Performance Optimization

In order to solve the performance problems caused by too
long links in distributed transactions, optimization can be done
from the following perspectives. First, we use tracking tech-
nology to achieve full-link monitoring, including comprehen-
sive analysis of business processes, application services, and
database SQL statements. In short, business operations, appli-
cation service calls and database queries are linked through the
tracking mechanism to obtain the complete business execution
path. Secondly, the tracking information from the application
layer is passed to the database layer to ensure that each
SQL statement and each row of data is associated with the
corresponding business link. In this way, each SQL statement
in each business link can be identified, and the execution time
of these SQLs can be captured in the database audit log.

By collecting this data and analyzing it from multiple di-
mensions, we can identify, for example, the slowest-executing
SQL statements and perform performance optimization on
them; the most frequently called services, for which we might
consider introducing a caching mechanism to reduce database
load; and SQL statements executed across cities, regions, or
data centers, which can be categorized and optimized to reduce
potential delays.

B. Business Continuity

Ensuring business continuity of AMap by using OceanBase
unitization involves resilience planning and implementing

technological solutions to address disruptions. High availabil-
ity and disaster recovery are essential for AMap’s database-
dependent geospatial data services. OceanBase’s load balanc-
ing distributes incoming traffic across nodes, eliminating sin-
gle points of failure and providing consistent service. Dynamic
capacity scheduling allows the system to adjust resources
according to user demand, critical during peak times or
traffic spikes. Strict change management, involving thorough
testing of system updates or changes, helps maintain service
stability and prevent outages. Disaster recovery in OceanBase
may include geographically distributed clusters for failover
during regional disruptions, assuring uninterrupted service.
Daily operations benefit from comprehensive monitoring and
automated self-healing systems to detect and correct failures,
thus minimizing downtime. A well-rehearsed disaster recovery
plan, detailing failover procedures and roles, is crucial for
rapid recovery and continuous operations, even during ex-
tensive system failures, ensuring AMap’s service reliability.
OceanBase unitization and its availability features provide a
robust foundation for these continuity strategies.

C. System Operation and Maintenance

Challenges faced by system operation and maintenance
mainly include equipment stability and traffic fluctuation man-
agement. AMap systems that adopt a distributed structure
may encounter stability problems with blade servers, which
may cause business interruption. In order to alleviate these
problems, the system is designed to have stand-alone self-
healing capabilities so that it can quickly resume normal
operation in the event of a failure. In addition, in the face
of possible traffic surges, we ensured that link capacity as-
sessment and comprehensive stress testing were carried out
before the system went online.

In addition, in order to ensure the smooth operation of
the system, we have also implemented daily operation and
maintenance inspections, such as early warning mechanisms
for message backlog and database suspension. The system’s
end-of-day batch processing jobs, including distributed trans-
action scheduling and offline batch processing, are performed
according to predetermined scheduling links, ensuring overall
operational efficiency. In order to ensure the accuracy and con-
sistency of the data, we will automatically check the upstream
and downstream data (bypass check) to ensure the accuracy of
the transaction data. These preparations and measures together
form a key part of system operation and maintenance to deal
with various difficulties that may be faced after going online.

VII. RELATED WORK
A. Disaster Tolerance

1) Disaster recovery: Disaster recovery methods [16]-[19]
have been extensively utilized to ensure system availability
and mitigate the impact of disasters. Cloud Standby [20]
establishes and maintains a secondary IDC, serving as a means
for data recovery following a disaster. Dual-active disaster
recovery [21]], [22] enables both primary and standby IDCs
to provide services simultaneously, with data synchronization
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occurring unidirectionally from the primary to the secondary
IDC. Numerous cloud services [23[]-[25] have adopted a
Multi-site High Availability architecture [26[, [27], which
ensures continuous operation and service availability across
multiple geographical sites or IDCs. This architecture is specif-
ically designed to minimize downtime and provide redundancy
in the face of failures or disruptions at any single site. For
elastic computing capabilities, Alibaba Cloud and Ant Group
have introduced the concept of unitization [28]], [29], in which
a fully functional operating system and resources are deployed
across regions to facilitate cross-region disaster recovery.

2) Log-based recovery: Disaster tolerance depends on the
recovery algorithm implemented on each node [30]. Vari-
ous cloud databases [31]]-[34]] customize their failure recov-
ery methods to suit different architectures. PolarDB Server-
less [32] utilizes an ARIES-style recovery algorithm [35].
This algorithm distinguishes between different types of nodes,
such as primary nodes and read replicas, and employs specific
algorithms to ensure quick recovery. Amazon Aurora [31]
uses the storage layer to effectively manage a sequential log,
thereby improving performance in write operations. On the
other hand, Microsoft Socrates [|33]] introduces an independent
XLOG service that separates logs from computation and stor-
age. This dedicated tier ensures optimal low latency and high
throughput for storing transaction logs. SolarDB [36]] separates
storage and computation, persisting write-ahead logging into
durable storage before transaction commitment.

3) Partition and replication architecture: To eliminate the
need to wait for the recovery of a single node, many sys-
tems adopt explicit partitioning and replication techniques
across multiple nodes. Many production systems [37]-[39] use
primary-secondary replication for backup support. The backup
replica also enables users to read and write concurrently,
providing high throughput [40]-[45]. VoltDB [46] employs
a multi-node architecture where tables are horizontally parti-
tioned into “shards” that are replicated across different nodes.
Besides, many distributed systems have developed consensus
algorithms [12]], [47] for data consistency. Google Span-
ner 48] is designed to manage replicated data across data cen-
ters by implementing a single Paxos state machine to ensure
consistent updates across replicas. Similarly, Calvin [49] also
supports a Paxos-based synchronous replication mechanism
but replicates transaction inputs rather than their effects. The
recovery process begins from a checkpoint and leverages the
deterministic nature of the database to recover by replaying
transaction inputs. PaxosStore [50] built a high-availability
storage system to support the comprehensive business of
WecChat. It developed a layered design for the Paxos-based
storage protocol on Bitcask and LSM-tree.

B. Distributed Transactions

Distributed transactions are executed across multiple nodes
by data or service partitioning techniques. Calvin [49] splits
transactions into jobs and schedules them among different
nodes. It establishes a deterministic job execution order to
minimize the need for costly coordination. RedT [51] is an

RDMA-enhanced distributed transaction processing protocol
with availability guarantees. Compared with 2PC-Paxos, it de-
creases the number of inter-DC round-trips from a maximum
of six to two. Lindorm [[6] combines a cluster of compute
nodes and shared storage to support low latency queries for
time series data.

Amazon Dynamo [52] is a highly decentralized key-value
(KV) storage system that performs transactions on parti-
tioned data. Cassandra [53] is a distributed storage system
designed for managing large amounts of structured data across
multiple commodity servers. MongoDB [5] supports multi-
document transactions, enabling transactions across opera-
tions, databases, documents, and shards. OceanBase utilizes
in-memory and disk data structures to mitigate document-
related overhead.

Disaggregation is widely adopted in distributed database
systems. PolarDB Serverless [32] employs a decoupled ar-
chitecture, separating CPU resources on compute nodes from
remote memory and storage pools. DAGOR [54] adopts a
different approach by dividing services into microservices.
It carefully controls the granularity of each microservice,
enabling real-time load monitoring and collaborative load
shedding among relevant services in the presence of overload
conditions. Citus [55]] is an open-source distributed database
engine for PostgreSQL [56]. It extends PostgreSQL to operate
across clusters, providing distributed queries, and transactions
to handle data-intensive applications.

VIII. CONCLUSIONS AND FUTURE WORK

This paper demonstrates the unitization architecture of
OceanBase, which is a reliable and high-performance dis-
tributed relational database, for AMap platforms. Adoption of
OceanBase unitization architecture in AMap avoids cross-data
center access, and ensures that all operations can be completed
in one data center. We have showcased that our unitization
architecture ensures high availability by distributing data and
services across different units. Furthermore, it offers excellent
performance through unitized or centralized read and write
operations. The OceanBase-based AMap system achieves a
cloud-native and industry-agnostic architecture that caters to
various user scenarios at a massive scale.

In future, AMap will migrate the business of structured data
scenarios to OceanBase, such as AMap Footprint (structured
storage), with the goal of reducing costs by more than 50%.
After migration, AMap can enjoy the benefits of OceanBase’s
linear optimization. The number of nodes that can compress
data is minimized. The system can automatically expand
elastically when there is a big promotion or large volume.
Moreover, because OceanBase has distributed capabilities,
AMap does not need to pay attention to the load. To solve
the load-balancing problem, automatic and transparent expan-
sion is fully realized. Currently, AMap has been exploring
unstructured data scenarios with OceanBase, with the goal
of migrating the taxi-hailing feature platform (typical KV
scenarios) to OceanBase, with an expected cost reduction
target of over 50%.
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