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MICROSERVICE CREATION METHOD AND RELATED DEVICE

[0001] This application claims priorities to Chinese Patent Application No. 202210134482 .4,
filed with the China National Intellectual Property Administration on February 14, 2022 and
entitled "MICROSERVICE CREATION METHOD, APPARATUS, SERVER, AND STORAGE
MEDIUM", and to Chinese Patent Application No. 202210726345.X, filed with the China
National Intellectual Property Administration on June 24, 2022 and entitled "MICROSERVICE
CREATION METHOD AND RELATED DEVICE", both of which are incorporated herein by

reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the field of software development technologies, and in
particular, to a microservice creation method, a system, a computing device cluster, a computer-

readable storage medium, and a computer program product.

BACKGROUND

[0003] As requirements of users for software systems are increasing, a microservice design
concept is proposed in the industry for developing software systems, to meet increasing demand
of the users. Microservice design is to vertically split a single application (for example, a medium-
scale or large-scale software system) into a plurality of independent microservices based on
functions or business requirements. The microservices are also referred to as subsystems. These
subsystems exist as independently deployed processes. The processes communicate with each
other through lightweight and cross-language call of a synchronous network or an asynchronous
network. When a user raises a new requirement, a new subsystem may be added or a subsystem
may be modified, to meet the new requirement. This reduces difficulty in version iteration of a
large-scale and complex software system, and facilitates maintenance.

[0004] Microservice development involves a large quantity of systematic and repeated code
development tasks. To reduce microservice development tasks and improve code standardization,
a developer may usually generate a part of code of a microservice through a code generation tool
or a functional module built in a development platform. For example, the developer may generate

code at a data operation layer through a Mybatis generator (Mybatis Generator, MBG). For another
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example, the developer may generate framework code through a functional module built in a
JHipster development platform.

[0005] However, the code generated through the existing code generation tool or the functional
module built in the development platform is usually simple code at a specific layer of the
microservice, and microservice development flexibility is low. In addition, the developer still
needs to spend a large amount of time and effort to develop code at another layer. This affects

microservice development efficiency.

SUMMARY

[0006] This application provides a microservice creation method. In the method, according to
a domain-driven design concept, code of a microservice is generated based on a user-defined
business model, and specifically, based on metadata of business objects and metadata of a relation
object that identifies the business objects in the business model, to resolve a problem that simple
code at a specific layer is generated through a code generation tool or a functional module built in
a development platform. This improves development efficiency. This application further provides
a code management system corresponding to the foregoing method, a computing device cluster, a
computer-readable storage medium, and a computer program product.

[0007] According to a first aspect, this application provides a microservice creation method.
The method may be performed by a code management system. The code management system may
be a software system. The software system may be deployed in a computing device cluster. The
computing device cluster executes program code corresponding to the software system, to perform
the microservice creation method in this embodiment of this application. In some embodiments,
the code management system may alternatively be a hardware system having a microservice
creation function. For example, the code management system may be a computing device cluster
having the microservice creation function.

[0008] Specifically, the code management system may present a configuration interface to a
user, and receive a business model that is of a microservice and that is configured by the user via
the configuration interface. The business model includes metadata of a plurality of business objects
and metadata of a relation object that identifies a relation between the plurality of business objects.
Then, the code management system generates code of the microservice based on the business
model of the microservice.

[0009] In the method, the code management system generates, according to a domain-driven
design concept, the code of the microservice based on the user-defined business model, and

specifically, based on the metadata of the business objects and the metadata of the relation object
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that identifies the business objects in the business model, to resolve a problem that simple code at
a specific layer is generated through a code generation tool or a functional module built in a
development platform. This improves development efficiency.

[0010] In addition, the method allows the user to flexibly define the business model, has good
extensibility, and can complete full-link connection of microservice development, resolve a large
amount of framework development work at an early stage of the microservice development, and
resolve cloud service interconnection, deployment system interconnection, middleware support,
architecture design in a high-performance and high-reliability scenario, and the like, to provide a
mature product-level solution to a developer.

[0011] In some possible implementations, the code management system may generate base
module code and extension module code based on the business model of the microservice. The
base module code is incapable of being modified by the user, the extension module code is capable
of being modified by the user, and the base module code is separated from the extension module
code.

[0012] In the method, the code of the microservice is divided into the base module code that
is incapable of being modified by the user and the extension module code that is capable of being
modified by the user. In this way, the base module code can be repeatedly generated, to reduce
repeated development and improve the development efficiency. In addition, customized
development can be implemented based on the extension module code, to meet a personalized
requirement.

[0013] In some possible implementations, the code of the microservice includes at least one
of code at a controller layer, code at a business logic layer, code at a data aggregation layer, code
at a data persistence operation layer, and code at a database entity layer. In this way, the problem
that the simple code at the specific layer is generated through the code generation tool or the
functional module built in the development platform is resolved, to improve the development
efficiency.

[0014] In some possible implementations, the code management system may generate the code
at the data persistence operation layer of the microservice based on the metadata of the business
object or the metadata of the relation object, where the code at the data persistence operation layer
of the microservice includes interface code and query resource code.

[0015] The interface code may be code of an application programming interface API, and the
query resource code may be code of a mapper resource. The code management system can
implement data persistence through the API by automatically generating the foregoing code.
[0016] In some possible implementations, the relation between the plurality of business objects

includes one or more of a one-to-many relation, a many-to-many relation, a recursion relation, or
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an aggregation relation. In the method, the code management system provides a plurality of
relations, so that the user defines the relation between the plurality of business objects, to meet a
requirement for generating code of a corresponding microservice in different business scenarios.
[0017] In some possible implementations, the plurality of business objects include a first
business object and a second business object, and a relation between the first business object and
the second business object is the aggregation relation. Further, the code management system may
aggregate the first business object and the second business object to obtain a data transfer object,
and then generate the query resource code for the data transfer object.

[0018] In this way, a code generation requirement of the microservice of the business objects
in a complex relation can be met, and the microservice can be automatically created, thereby
improving the microservice development efficiency.

[0019] In some possible implementations, the code management system may aggregate the
business objects in a plurality of manners. Specifically, the code management system may
aggregate the first business object and the second business object in a nested mode or a Cartesian
mode to obtain the data transfer object.

[0020] The nested mode is to organize, by using a business object as a reference, another
business object list related to the business object, to form an aggregate object. The Cartesian mode
Is to aggregate attributes of business objects to be aggregated, to form an aggregate object. The
aggregate object includes all attributes of the business objects in the aggregation relation, and
names of the business objects are used as attribute prefixes for these attributes.

[0021] In the method, the business objects are aggregated into the data transfer object, and the
query resource code is generated based on the data transfer object, to provide a query service
subsequently. It should be noted that the code management system may generate different query
methods based on different aggregation modes. The different query methods may be persistently
stored by using corresponding data transfer object mapper files.

[0022] In some possible implementations, the business model further includes metadata of an
extended application programming interface API. The code management system may further
generate code of the extended API based on the metadata of the extended API. In this way, the
microservice or some functions of the microservice may be provided through the API to another
service for use, so that availability is high.

[0023] In some possible implementations, the code management system may receive a code
generation policy configured by the user via the configuration interface. Correspondingly, the code
management system may generate the code of the microservice based on the business model of
the microservice and according to the code generation policy.

[0024] In the method, the code management system supports a plurality of code generation
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policies, and may generate the code of the microservice according to the code generation policy
configured by the user, to improve microservice development flexibility and the microservice
development efficiency.

[0025] In some possible implementations, the code generation policy includes creation or
inheritance. The creation may be creating the microservice from scratch, for example, creating a
new microservice, including a microservice of a new application or a microservice corresponding
to a new function of an application. The inheritance may be creating the microservice based on an
existing microservice, for example, upgrading a version of a specific microservice.

[0026] In some possible implementations, the code management system may receive a
component extension policy configured by the user via the configuration interface.
Correspondingly, when generating the code of the microservice, the code management system may
generate code of an extended component of the microservice based on the business model of the
microservice and according to the component extension policy.

[0027] The code management system generates the code of the extended component according
to the component extension policy configured by the user. In this way, a microservice with richer
and more powerful functions can be developed, and high availability is achieved.

[0028] In some possible implementations, the extended component includes one or more of an
authentication component, a validation component, a probe component (which may also be
referred to as a monitoring component), and an annotation configuration component.

[0029] The authentication component can provide SpringSecurity-based authentication and
authorization capabilities or a role-based access control RBAC permission model-based
authentication capability, to ensure data security. The validation component can provide
SpringSecurity-based parameter validation or Jasypt-based secure cryptography enhancement
features. This is more convenient for the user to use. The probe component can provide a probe
feature. Automatic interconnection between a log system, a monitoring system, and a link call
system can be implemented only through simple configuration performed by the user. The probe
component can also provide standard log, monitoring, and link call configurations. Automatic
analysis and presentation in one-click mode can be implemented by selecting a standard template
in the system. The annotation configuration component can provide a simple and easy-to-use
annotation configuration mode, to automatically generate rate limiting, circuit breaker, and
fallback configurations for the user.

[0030] Further, the extended component may include a multi-data-source management
component, a sharding component, a distributed cache service DCS component, a distributed
message service DMS component, upload and download, import and export, a scheduled task

component, and a metadata component.
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[0031] The multi-data-source management component supports configuration and dynamic
switching of a plurality of types of data sources, and supports a plurality of easy-to-use usage
modes. This achieves good user experience. In addition, the multi-data-source management
component can provide a remote disaster recovery capability. The multi-data-source component
may further support dynamic management and switching of the data sources through a distributed
configuration center. In addition, the multi-data-source component can support a random and
round-robin load balancing algorithm to implement read-write splitting.

[0032] The sharding component may perform secondary development based on an open-
source component. This resolves performance difficulty in startup loading, greatly shortens startup
time, and optimizes startup performance. In addition, the sharding component enhances support
for structured query language SQL and has good compatibility with SQL query.

[0033] Specifically, the sharding component in embodiments of this application is positioned
as a lightweight Java framework, and is an additional service provided at a JDBC layer of Java.
With a client connecting directly to a database, the sharding component provides a service in a
form of jar and requires no extra deployment and dependence. The sharding component may be
understood as an enhanced JDBC driver, and is fully compatible with JDBC and various ORM
frameworks.

[0034] Sharding may be implemented through data sharding. The data sharding means
dispersedly storing data that is in a single database to a plurality of databases or tables at a specific
dimension, to improve a performance bottleneck and availability. Splitting manners of the data
sharding are classified into vertical sharding and horizontal sharding.

[0035] The vertical sharding is also referred to as vertical splitting, and is specifically splitting
by business. A core concept of the vertical sharding is a dedicated database. For example, a user
table and an order table are vertically sharded to different databases based on a business
requirement. The horizontal sharding is also referred to as horizontal splitting. Compared with the
vertical sharding, the horizontal sharding does not classify data based on business logic. Instead,
the data is distributed to multiple databases or tables by using a specific field (or several specific
fields) according to a specific rule. Each shard includes only a part of the data. For example,
primary keys are used for sharding, where a record of an even-numbered primary key is stored in
a database (or table) 0, and a record of an odd-numbered primary key is stored in a database (or
table) 1. The horizontal sharding theoretically breaks through a bottleneck of a data amount
processed by a single database instance, is free in extensibility, and is a standard solution for
sharding.

[0036] Further, for an application system that simultaneously has a large quantity of concurrent
read operations and a small quantity of write operations, a database is split into a master database
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and a slave database. The master database is responsible for processing transactional addition,
deletion, and modification operations, and the slave database is responsible for processing a query
operation. This can effectively avoid a row lock caused by data update, to greatly improve query
performance of the entire system.

[0037] Different from the horizontal sharding in which data is distributed to each data node
based on sharding keys, the read-write splitting respectively routes the read and write operations
to the master and slave databases based on SQL semantic analysis. Data content in data nodes in
the read-write splitting is consistent, but data content in the data nodes in the horizontal sharding
is different. System performance can be more effectively improved by jointly applying the
horizontal sharding and the read-write splitting.

[0038] The distributed cache service component can provide compatibility of a plurality of
cache drivers. For example, the distributed cache service component can support compatibility of
a plurality of drivers of Redis. In addition, the distributed cache service component supports
remote disaster recovery and has abundant application scenarios such as single-read-write, write
on one side, and read on a local side.

[0039] The distributed message service component can provide message rate limiting,
asynchronous thread pool processing and synchronization processing for a message, message
offset management, and an asynchronized message high-reliability mechanism, to ensure
capabilities such as that a message is not lost. The message rate limiting can be implemented by
adding a rate limiting component between an internal consumer pull message and business
processing. The message offset is persisted to avoid the loss of the message. First, after the business
processing, offsets are directly persisted in batches. Because of synchronization, the offsets are in
ascending order. Then, an ordered structure is maintained in a main memory asynchronously. After
the business processing, the offsets are added to the main memory, a persistence process is
triggered by using a specific mechanism, and the offsets are persisted in batches according to an
offset-ascending-order rule. In consumer rebalance, an offset is pulled from a database for
consumption at a specified location, to ensure that a message is not lost in an asynchronous
processing scenario. In addition, an offset at a server is not used during the rebalance. However,
to ensure consistency between the server and the database as much as possible, the consumer may
manually push a persistent offset in a main memory each time the consumer pulls a message.
[0040] In some possible implementations, the code management system may further create a
database model. The database model includes a root table object and a sharding object.
Configuration of an open-source component usually needs to be implemented by the user through
complex configuration, and automatic configuration of the sharding and the read-write splitting
can simplify the complex configuration.
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[0041] In some possible implementations, the code management system may further generate
a code directory of the microservice, where the code directory includes a plurality of subdirectories,
and the plurality of subdirectories are in one-to-one correspondence with the plurality of layers of
code.

[0042] In the method, a code layering specification and a directory structure layering
specification are defined. The code layering specification is in one-to-one correspondence with the
directory structure layering specification, and code at different layers is placed in different
directories, to form code layers, for example, a controller layer, a service layer, a data aggregation
layer, and a data operation layer. In this way, it is convenient for the user to view or modify code
by using a directory structure, to improve user friendliness.

[0043] According to a second aspect, this application provides a code management system.
The system includes:

an interaction module, configured to present a configuration interface to a user;

a communication module, configured to receive a business model that is of a
microservice and that is configured by the user via the configuration interface, where the business
model includes metadata of a plurality of business objects and metadata of a relation object that
identifies a relation between the plurality of business objects; and

a generation module, configured to generate code of the microservice based on the
business model of the microservice.

[0044] In some possible implementations, the generation module is specifically configured to:
generate base module code and extension module code based on the business model of
the microservice, where the base module code is incapable of being modified by the user, the
extension module code is capable of being modified by the user, and the base module code is
separated from the extension module code.
[0045] In some possible implementations, the code of the microservice includes at least one
of code at a controller layer, code at a business logic layer, code at a data aggregation layer, code
at a data persistence operation layer, and code at a database entity layer.
[0046] In some possible implementations, the generation module is specifically configured to:
generate the code at the data persistence operation layer of the microservice based on
the metadata of the business object or the metadata of the relation object, where the code at the
data persistence operation layer of the microservice includes interface code and query resource
code.
[0047] In some possible implementations, the relation between the plurality of business objects
includes one or more of a one-to-many relation, a many-to-many relation, a recursion relation, or

an aggregation relation.
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[0048] In some possible implementations, the plurality of business objects include a first
business object and a second business object, a relation between the first business object and the
second business object is the aggregation relation, and the system further includes:

an aggregation module, configured to aggregate the first business object and the second
business object to obtain a data transfer object.
[0049] The generation module is specifically configured to:

generate the query resource code for the data transfer object.
[0050] In some possible implementations, the aggregation module is specifically configured
to:

aggregate the first business object and the second business object in a nested mode or
a Cartesian mode to obtain the data transfer object.
[0051] In some possible implementations, the business model further includes metadata of an
extended application programming interface API, and the generation module is further configured
to:

generate code of the extended API based on the metadata of the extended API.
[0052] In some possible implementations, the communication module is further configured to:

receive a code generation policy configured by the user via the configuration interface.
[0053] The generation module is specifically configured to:

generate the code of the microservice based on the business model of the microservice
and according to the code generation policy.
[0054] In some possible implementations, the code generation policy includes creation or
inheritance.
[0055] In some possible implementations, the communication module is further configured to:

receive a component extension policy configured by the user via the configuration
interface.
[0056] The generation module is specifically configured to:

generate code of an extended component of the microservice based on the business
model of the microservice and according to the component extension policy.
[0057] In some possible implementations, the extended component includes one or more of an
authentication component, a validation component, a probe component, and an annotation
configuration component.
[0058] In some possible implementations, the system further includes:

a creation module, configured to create a database model, where the database model
includes a root table object and a sharding object.
[0059] In some possible implementations, the code of the microservice includes a plurality of
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layers of code, and the generation module is further configured to:

generate a code directory of the microservice, where the code directory includes a
plurality of subdirectories, and the plurality of subdirectories are in one-to-one correspondence
with the plurality of layers of code.
[0060] According to a third aspect, this application provides a computing device cluster. The
computing device cluster includes at least one computing device, and the at least one computing
device includes at least one processor and at least one memory. The at least one processor and the
at least one memory communicate with each other. The at least one processor is configured to
execute instructions stored in the at least one memory, to enable the computing device or the
computing device cluster to perform the code generation method according to any one of the first
aspect or the implementations of the first aspect.
[0061] According to a fourth aspect, this application provides a computer-readable storage
medium, where the computer-readable storage medium stores instructions, and the instructions
instruct a computing device or a computing device cluster to perform the code generation method
according to any one of the first aspect or the implementations of the first aspect.
[0062] According to a fifth aspect, this application provides a computer program product
including instructions. When the computer program product runs on a computing device or a
computing device cluster, the computing device or the computing device cluster is enabled to
perform the code generation method according to any one of the first aspect or the implementations
of the first aspect.
[0063] In this application, based on the implementations provided in the foregoing aspects, the

implementations may be further combined to provide more implementations.

BRIEF DESCRIPTION OF DRAWINGS

[0064] To describe technical methods in embodiments of this application more clearly, the
following briefly describes the accompanying drawings needed in embodiments.

[0065] FIG. 1 is a diagram of a microservice creation scenario according to an embodiment of
this application;

[0066] FIG. 2 is a diagram of an architecture of a code management system according to an
embodiment of this application;

[0067] FIG. 3 is a flowchart of a microservice creation method according to an embodiment
of this application;

[0068] FIG. 4 is a diagram of a data document of metadata according to an embodiment of this

application;
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[0069] FIG. 5 is adiagram of a structure of code of a microservice according to an embodiment
of this application;

[0070] FIG. 6 is a diagram of a structure of code of a microservice according to an embodiment
of this application;

[0071] FIG. 7 is a diagram of a structure of a database model according to an embodiment of
this application;

[0072] FIG. 8 is a flowchart of a microservice creation method according to an embodiment
of this application;

[0073] FIG. 9A to FIG. 9H are diagrams of interfaces of steps in a microservice creation
method according to an embodiment of this application;

[0074] FIG. 91 and FIG. 9J are diagrams of a code generation procedure and a code generation
result according to an embodiment of this application;

[0075] FIG. 10 is a flowchart of a microservice creation method according to an embodiment
of this application;

[0076] FIG. 11A to FIG. 11D are diagrams of interfaces of steps in microservice creation
according to an embodiment of this application;

[0077] FIG. 12 is a flowchart of a microservice creation method according to an embodiment
of this application;

[0078] FIG. 13A to FIG. 11D are diagrams of interfaces of steps in microservice creation
according to an embodiment of this application;

[0079] FIG. 14 is a diagram of a structure of a code management system according to an
embodiment of this application; and

[0080] FIG. 15 is a diagram of a structure of a computing device cluster according to an

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0081] Terms "first" and "second" in embodiments of this application are merely intended for
description, and shall not be understood as an indication or implication of relative importance or
an implicit indication of a quantity of indicated technical features. Therefore, a feature limited by
"first" or "second" may explicitly or implicitly include one or more features.

[0082] First, some technical terms in embodiments of this application are described.

[0083] Microservice design is a software development technology that divides a single
application (for example, a medium-scaled or large-scaled software system) into a group of small

services (also referred to as microservices) for separate development. An architecture of the
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application developed by using the software development technology is referred to as a
microservice architecture. In the microservice architecture, the microservices coordinate and
cooperate with each other to implement functions of the application. Each microservice runs in an
independent process, and the microservices may coordinate or cooperate with each other by using
a lightweight communication mechanism. The lightweight communication mechanism may be, for
example, a hypertext transfer protocol (HyperText Transfer Protocol, HTTP)-based
representational state transfer application programming interface (RESTful application
programming interface, API).

[0084] Microservice development involves a large quantity of systematic and repeated code
development tasks. To reduce microservice development tasks and improve code standardization,
during the microservice development, a developer may automatically generate a part of code of a
microservice through a code generation tool or a functional module built in a development
platform.

[0085] For example, the developer may generate code at a data operation layer through a
MyBatis generator (MyBatis Generator, MBG). Specifically, the MBG is connected to one or more
database tables, and generates the code that is at the data operation layer and that is for accessing
the database table. The code includes a persistent object (PO) corresponding to the database table,
a data access object (Data Access Object, DAO), or a structured query language (Structured Query
Language, SQL) statement for implementing create, retrieve, update, delete (create, retrieve,
update, delete, CRUD) operations. For another example, the developer may generate front-end and
backend framework code through a functional module built in a JHipster development platform.
[0086] However, the code generated through the code generation tool or the functional module
built in the development platform is usually simple code at a specific layer of the microservice,
and the developer still needs to spend a large amount of time and effort to develop code at another
layer. In addition, microservice development flexibility is low, and extendibility is limited. This
affects microservice development efficiency.

[0087] In view of this, embodiments of this application provide a microservice creation
method. The method may be performed by a code management system. The code management
system may be a software system. The software system may be deployed in a computing device
cluster. The computing device cluster executes program code corresponding to the software system,
to perform the microservice creation method in embodiments of this application. In some
embodiments, the code management system may alternatively be a hardware system having a
microservice creation function. For example, the code management system may be a computing
device cluster having the microservice creation function. For ease of understanding, the following

provides descriptions by using an example in which the code management system is the software
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system.

[0088] Specifically, the code management system may present a configuration interface to a
user, and receive a business model that is of a microservice and that is configured by the user via
the configuration interface. The business model includes metadata of a plurality of business objects
and metadata of a relation object that identifies a relation between the plurality of business objects.
Then, the code management system generates code of the microservice based on the business
model of the microservice.

[0089] In the method, the code management system generates, according to a domain-driven
design (Domain Driven Design, DDD) concept, the code of the microservice based on the user-
defined business model, and specifically, based on the metadata of the business objects and the
metadata of the relation object that identifies the business objects in the business model, to resolve
a problem that simple code at a specific layer is generated through a code generation tool or a
functional module built in a development platform. This improves development efficiency.
[0090] In addition, the method allows the user to flexibly define the business model, has good
extensibility, and can complete full-link connection of microservice development, resolve a large
amount of framework development work at an early stage of the microservice development, and
resolve cloud service interconnection, deployment system interconnection, middleware support,
architecture design in a high-performance and high-reliability scenario, and the like, to provide a
mature product-level solution to a developer.

[0091] The microservice creation method in embodiments of this application may be applied
to a scenario in which an existing microservice is reconfigured, or may be applied to a scenario in
which a new microservice is created. Refer to FIG. 1, namely, a diagram of a microservice creation
scenario. When creating the new microservice, the code management system may start forward
design based on metadata that is of a business object and that is configured by a user. When
reconfiguring the existing microservice, for example, migrating or restructuring the existing
microservice, the code management system may reuse an existing interface and existing data for
the reconfiguration. The existing data may be a data definition language (Data Definition
Language, DDL) statement, and the DDL statement describes an entity to be stored in a database.
[0092] The following describes a system architecture of the code management system in
embodiments of this application with reference to the accompanying drawings.

[0093] Refer to FIG. 2, namely, a diagram of an architecture of the code management system.
The code management system 20 is located at an upper layer of an entire application development
framework, the code management system 20 may be interconnected with a microservice
framework 30 in the application development framework, and the microservice framework 30 is

interconnected with a runtime environment 40 at a bottom layer.
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[0094] The code management system 20 includes a code generation apparatus 22. The code
generation apparatus 22 is configured to generate front-end code and backend code of a
microservice based on metadata, for example, metadata of business objects and metadata of a
relation object in a business model. Further, the code management system 20 may include a code
management apparatus 24. The code management apparatus 24 is configured to perform
continuous integration continuous delivery (Continuous Integration Continuous Delivery, CICD)
on code. Specifically, the code management apparatus 24 is configured to generate a pipeline for
checking, constructing, deploying, and testing the code, to implement construction, deployment,
and testing of a microservice. The code management apparatus 24 is further configured to perform
governance, operation, and maintenance on the microservice.

[0095] The microservice framework 30 is configured to provide different components, features,
or capabilities to assist microservice exposure. As shown in FIG. 2, the microservice framework
30 includes a development framework and a development framework extended component. The
development framework may be a Spring Cloud development framework, denoted as Spring Cloud
DevSpore. The development framework extended component may be a Spring Cloud development
framework extended component, denoted as DevSpore Component. In this example, Spring Cloud
DevSpore relies on a cloud service, and DevSpore Component may not rely on the cloud service.

[0096] Spring Cloud DevSpore can provide a series of high-performance, high-reliability, and
high-availability features, including but not limited to sharding, read-write splitting, a distributed
transaction, relation/tree/local cache, a document database, a workflow, asynchronous call, an
event model, multi-data-source management, cache enhancement, database access, message
middleware software development kit (software development kit, SDK) packaging, a distributed
lock, and object/file storage. The multi-data-source management may be further classified into
relational database service (relational database service, RDS) multi-data-source management and
distributed cache service (Distributed Cache Service, DCS) multi-data-source management. Some
features are implemented based on metadata (metadata). DevSpore Component can provide a
series of simple and easy-to-use functions or features, including but not limited to table import and
export, upload and download, a scheduled task, an attachment, an email, and an asynchronous task.
[0097] The microservice framework 30 may further include a service governance layer, a
development framework base component layer, and an atomically dependent component layer.
The service governance layer may also be referred to as a SpringCloud layer, and provides a basic
feature, for example, one or more of configuration discovery, a configuration center, gray routing,
traffic governance, and local service governance, needed for service governance. The development
framework base component layer is also referred to as a SpringBoot DevSpore layer, and provides
a series of basic functions, including but not limited to authentication and authorization, security
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coding, deployment, audit, database/cache simulation, internationalization, and performance
monitoring/alarming. The atomically dependent component layer is also referred to as a
SpringBoot layer. The layer may include one or more of Spring framework dependency, a log
framework, coding, an annotation tool, language enhancement, APl Swagger, a communication
framework, a security suite, coverage check, and unit testing (such as JUnit).

[0098] The runtime environment 40 includes an infrastructure, and the infrastructure may be
basic middleware for implementing computing and storage. In some embodiments, the
infrastructure includes one or more of an RDS, a document database service (document database
service, DDS), a scalable file service (scalable file service, SFS), a distributed message service
(distributed message service, DMS), DCS, a cloud container engine (cloud container engine, CCE),
application operations management (application operations management, AOM), a log tank
service (log tank service, LTS), and application performance management (application
performance management, APM).

[0099] The following describes the microservice creation method in embodiments of this
application from a perspective of the code management system 20.

[00100] Refer to FIG. 3, namely, a flowchart of a microservice creation method. The method
includes the following steps.

[00101] S302: The code management system 20 presents a configuration interface to a user.
[00102] The configuration interface is specifically an interface that supports the user in
configuring a related attribute of a to-be-created microservice. The configuration interface may be
a graphical user interface (graphical user interface, GUI) or a command user interface (command
user interface, CUI).

[00103] Further, the to-be-created microservice may be a microservice to be created from
scratch (a new microservice) or a microservice to be reconfigured based on an existing
microservice. A configuration interface presented by the code management system 20 when the
new microservice is created may be different from a configuration interface presented by the code
management system 20 when the existing microservice is reconfigured. The configuration
interface presented by the code management system 20 when the new microservice is created
supports the user in configuring an attribute of the new microservice. The configuration interface
presented by the code management system 20 when the existing microservice is reconfigured
supports the user in configuring a reusable attribute of the existing microservice.

[00104] S304: The code management system 20 receives a business model that is of the
microservice and that is configured by the user via the configuration interface.

[00105] One microservice may include massive business logic. Based on a domain-driven
design DDD concept, the business logic may be abstracted into a series of business objects and
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combined operations. The business logic may be classified into domain logic and non-domain
logic. The domain logic may include addition and modification of a business object, and is domain-
driven and not easy to change. The non-domain logic includes query and deletion of a business
object, and is data-driven and easy to change. The DDD is a software development method that
meets a complex requirement by connecting an implementation to a continuously evolving domain
model. A prerequisite for the DDD is as follows: A primary focus of a project is placed in a core
domain (core domain) and the domain logic; complex design is placed on a domain model with a
bounded context (bounded context); and collaboration between a technician and a domain expert
is initiated to iteratively refine a domain model that addresses a particular domain problem. The
domain model is an abstraction of the business model, and the DDD is a mode of translating the
business model into system architecture design.

[00106] The user may configure the business model of the microservice based on the foregoing
business logic. The business model includes metadata of a plurality of business objects (business
objects, BOs) and metadata of a relation object that identifies a relation between the plurality of
business objects. The business object is an object corresponding to a business-related entity. The
business-related entity may include a person, a thing, or an event. For example, an e-commerce
business—related entity may include an order, a shopping cart, a person, or a commodity. The
metadata of the business object includes an attribute of the business object, for example, an
identifier of the business object, a type of the business object, and a primary key type
(primaryKeyType). The identifier of the business object is unique, and for example, may be a
number of the business object or a name of the business object.

[00107] There is an association relation between the plurality of business objects, and an object
that identifies the relation between the plurality of business objects is the relation object. The
metadata of the relation object includes an identifier of the relation object, a type of the relation
object, and a name of a business object associated with the relation object. The identifier of the
relation object is unique, and for example, may be a number of the relation object or a name of the
relation object. The type of the relation object may include a one-to-many relation, a many-to-
many relation, a parent-child relation (also referred to as a recursion relation), or an aggregation
relation.

[00108] The one-to-many relation is a relation in which one first business object corresponds
to a plurality of second business objects. For example, an association relation between a
"department™ and "employees™ is specifically the one-to-many relation. Life cycles of the business
objects associated with the one-to-many relation are completely decoupled. A relation object of
the one-to-many relation can be created only after the two types of business objects are created.
Deletion of a relation object indicates an end of a specific relation between two business objects,
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and does not affect a life cycle of any business object. Still using the "department™ and the
"employee” as an example, an employee may be transferred from a "department” to another
"department”; or a "department™ is canceled, but an employee in the "department™ is still in an
enterprise. In the foregoing cases, a relation object between the “"department” and the "employee”
may be deleted.

[00109] The many-to-many relation is a relation in which a plurality of first business objects
correspond to a plurality of second business objects. For example, an association relation between
"teachers” and "students” is specifically the many-to-many relation. Life cycles of the business
objects associated with the many-to-many relation are also completely decoupled. This is similar
to a case of the one-to-many relation. Usually, a relation object of the many-to-many relation can
be created only after the two types of business objects are created. Deletion of the relation object
does not affect a life cycle of any business object. The relation object may be stored in an opposite
relation table. The relation table may further include another extended field in addition to foreign
keys that respectively point to the two business objects. The extended field includes but is not
limited to expiration time of the relation, a weight of the relation, and the like.

[00110] The parent-child relation is a relation between a business object that functions as a
parent object and a business object that functions as a child object. The parent object and the child
object are objects of a same type. The parent object and the child object may be stored in a same
database table, and one field of the child object points to an identifier (identifier, ID) of the parent
object. A business object has no parent object is a root object. The root object and a descendant
object of the root object form a tree relation. In some scenarios, the parent-child relation may need
to be represented by an independent relation object. For example, when creation time and
expiration time of the relation need to be annotated, the relation object may be created. The relation
object corresponds to one database table in a database, and a parent field and a child field in the
database table respectively point to records in the business objects.

[00111] The aggregation relation is a relation between a business object that functions as a root
object and a business object that functions as an internal object (namely, an internal business
object). The root object may be usually an entity, and the internal object may be a value object.
The root object and the internal object may be usually stored in independent database tables. One
root object may alternatively correspond to a plurality of internal objects, but an ID of the internal
object is meaningful within a range of the root object. To be specific, an ID of the root object
usually needs to be first obtained to operate the internal object, and the internal object can be
created only after the root object is created. If the root object is deleted or released, a life cycle of
the internal object also ends accordingly. For ease of understanding, this embodiment of this
application provides an example. In this example, the root object may be an "apartment”, and the

17



10

15

20

25

30

35

internal object may be a "window". The "apartment” has a globally unique ID, and the ID of the
"apartment” may be generated based on an address and a room number. In view of this, a specific
"apartment” may be searched for based on the foregoing ID. Usually, the "window" can be
referenced only after a room is found. In this case, the "apartment™ and the "window™" are in the
aggregation relation.

[00112] Ina scenario in which the existing microservice is reconfigured, the user may further
reuse a business model of the existing microservice. For example, an annotation of the business
model may be configured and applied to code. In this way, the code management system 20 may
reversely generate the metadata of the business object or the metadata of the relation object based
on the annotation configured by the user.

[00113] FIG. 4 is a diagram of a data document of metadata. As shown in FIG. 4, a business
model includes metadata of a business object, the metadata of the business object includes a
business object definition, the business object definition may include an object field definition
(denoted as fields), and the object field definition represents an attribute of the business object, for
example, an ID, a name, a type, or a primary key type of the business object. The business object
may be an internal object (denoted as Internal BOs). For the internal object, the business model
further includes an external object (namely, an external business object) reference (denoted as an
External BOs reference) of the internal object. The external object reference may be a business
object reference of another microservice.

[00114] Further, the business model includes metadata of a relation object (denoted as relation
objects, ROs). The metadata of the relation object includes a relation object definition, and the
relation object definition includes an attribute of the relation object, for example, an ID of the
relation object, a type of the relation object, or an ID of a business object associated with the
relation object.

[00115] S306: The code management system 20 generates code of the microservice based on
the business model of the microservice.

[00116] A model-view-controller (Model-View-Controller, MVVC) mode is generally applied to
conventional application development. The MVC mode is a software architecture mode in
software engineering. In this mode, a software system is divided into three basic parts: a model, a
view, and a controller. The model may be a function for a technician (for example, a programmer)
to write a program and is obtained by a database expert by performing data management and
database design. The view may be obtained by an interface designer by performing graphical
interface design. The controller is responsible for forwarding and processing a request.

[00117] Inthe DDD concept, the MVVC mode is further distinguished. Specifically, the code of
the microservice may be divided into the following layers: a controller (denoted as controller) layer,
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a business logic (denoted as controller) layer, a data aggregation (denoted as repository, also
referred to as DAO) layer, a data persistence operation (denoted as mapper) layer, and a database
entity (denoted as entity) layer. The entity layer may also be referred to as a model (denoted as
model) layer.

[00118] The controller layer is for controlling a business procedure. In a specific
implementation, the controller layer may invoke an interface provided by the service layer, to
control the business procedure. For a specific business procedure, the controller layer may include
different controllers. The service layer is for implementing application logic of a service module,
and may include an interface for business processing and an implementation class of the interface.
An association relation between the interface and the implementation class may be configured in
a configuration file, so that the controller can invoke the interface to perform business processing.
The repository layer is for performing a data aggregation operation, and is specifically a data
aggregation operation that links the service layer and the mapper layer. The mapper layer is for
implementing data persistence. Some tasks responsible for communicating with a database may
be encapsulated at the mapper layer. The entity layer is also referred to as a model layer or a pojo
layer. Generally, one entity class may correspond to one database table, and an attribute of the
entity class corresponds one-to-one to a field in the database table.

[00119] Based on this, the code management system 20 may generate at least one of code at the
controller layer, code at the service layer, code at the repository layer, code at the mapper layer,
and code at the entity layer based on the business model of the microservice. The controller layer
may provide a plurality of access modes, for example, representational state transfer
(Representational State Transfer, REST) or remote procedure call (Remote Procedure Call, RPC),
for use.

[00120] Refer to FIG. 5, namely, a diagram of generation of code of a microservice. The code
management system 20 may generate the code at the controller layer, for example, controller, based
on the metadata. In addition, the code management system 20 further supports generation of an
extension class at the controller layer, to meet a special requirement of the user. The extension
class is also referred to as user extension. The controller layer may further provide usage (usage)
to the service layer. The code management system 20 may automatically generate the code at the
service layer, for example, the interface that is at the service layer and that is for the business
processing. In addition, special business logic of the user may be implemented through an
extension class (where the extension class may be obtained through inheritance, and is also referred
to as inherited extension) at the service layer. The service layer may provide usage to the repository
layer. The code management system 20 may automatically generate the code at the repository layer.
The repository layer is an abstract data interface layer, and the code management system 20
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encapsulates an actual database type and an actual object-relational mapping (Object Relational
mapping, O/R mapping) implementation at a bottom layer through a consistent interface. For
example, for non-relational SQL (non-relational SQL, NoSQL) such as MongoDB and relational
databases such as MySQL and PostgresSQL, the code management system 20 may provide a
unified data access interface of a Spring Data style. The interface encapsulates the actual database
type and the actual O/R mapping implementation at the bottom layer. Further, for the relational
database, the code management system 20 may encapsulate a difference between an O/R mapping
interface that complies with a JPA standard and an O/R mapping interface of an iBatis style. In
addition, the code management system 20 may generate an extension class, namely, inherited
extension, at the repository layer through inheritance, or may generate an extension class, namely,
added extension, at the repository layer through addition. The repository layer may further provide
usage to the mapper layer. The mapper layer may be an O/R mapping layer, and implements data
persistence through mutual conversion between an object-oriented object model (for example, a
business model) and a data structure of a database (for example, the relational database). The code
management system 20 may automatically generate the code at the mapper layer based on the
foregoing O/R mapping. Further, the code management system 20 may generate an extension class
at the mapper layer, where the extension class is user extension. Code of the foregoing extension
class (for example, an extended API) may be generated based on metadata of the extended API.
[00121] Considering that some code may be repeatedly generated, the code management system
20 may generate base (base) module code and extension module code based on the business model
of the microservice. The extension module code is also referred to as service module code. The
base module code may be automatically generated during each time of compilation, cannot be
modified by the user, and is usually code in a fixed mode. The service module code can be modified
by the user. For example, business logic can be modified or added by the user. The service module
code is generally not generated repeatedly. The code management system 20 separates the base
module code (for example, automatically generated code in FIG. 5) from the service module code
(for example, inherited extension and user extension in FIG. 5), to repeatedly generate the code
and improve code generation efficiency.

[00122] In this embodiment, the base module code defines a series of interfaces and
corresponding default implementations, and the service module code may be inherited or extended
to overwrite or extend a default implementation, to extend the business logic.

[00123] As shown in FIG. 6, a service layer in the base module code defines an interface for
business processing, and provides default implementation code; and a service layer in the service
module code implements the interface through extension, to implement business logic writing.

When the interface is implemented through extension, the user may modify an existing method,
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for example, a default method, to implement the business logic without adding a new method.
[00124] Similarly, a repository layer in the base module code defines a repository abstract class,
and a repository layer in the service module code defines a repository implementation class. The
user may add a new method or modify an existing method to implement the business logic. A
mapper layer in the base module code defines an automatically implemented mapper interface
(interface code) and a mapper resource (also referred to as query resource code). A mapper layer
in the service module code defines an extended mapper interface. The extended mapper interface
is initially an empty interface. The user may add a new method to add a database operation.
[00125] The code management system 20 may generate standardized interface code (API) and
query resource code (mapper resource) based on the metadata of the business object or the
metadata of the relation object. When the API is accessed in REST mode, the API complies with
RESTAPI naming and format specifications.

[00126] Because the API of the microservice may be for operating the business object, a service
path (for example, an API path) of the microservice may be represented by a service version path
and a business object path. In some embodiments, the service path may be represented by /{service
version path}/{business object path}. The service version path may be /{service name in
lowercase}/{service version number}. For example, a service version path of a microservice UCT
may be /uct/vl, and a business object path may be /{object type name}s. Code for operating a
business object may include an operation keyword and a service path.

[00127] The following provides descriptions by using a project object of a UCT service version
v1 interface as an example. Specifically, an API of the microservice may be for obtaining an object
list, and code for obtaining the object list may be a GET /uct/v1/projects? query condition. Code
for adding a business object may be POST /uct/v1/projects, code for deleting a business object
may be DELETE /uct/v1/projects/{project_id}, code for modifying a business object may be PUT
/uct/vl/projects/{project_id}, and code for obtaining a business object may be GET
/uct/v1/projects/{project_id}.

[00128] Insome possible implementations, the API of the microservice further supports a batch
operation on business objects, for example, adding business objects in batches, deleting business
objects in batches, or modifying business objects in batches. Code for adding the business objects
in batches may be POST /uct/v1l/projects/batch-create, code for deleting the business objects in
batches may be POST /uct/v1/projects/batch-delete, and code for modifying the business objects
in batches may be POST /uct/v1/projects/batch-update.

[00129] When a business object to be operated is an internal object, a root object usually needs
to be first found. Based on this, a service path of an API that is in the microservice and that is for

operating the internal object may be represented by /{service version path}/{root object type
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name}s/{root object ID}/{BQO}s. Correspondingly, code for operating the internal object may
include an operation keyword and the service path carrying the ID of the root object.

[00130] The following provides descriptions by using a privilege object of the UCT service
version v1 interface as an example. Code for obtaining an internal object list may be GET
luct/vl/iroles/{role_id}/privileges. Code for adding an internal object may be POST /uct/vl/
roles/{role_id}/privileges, code for deleting an internal object may be DELETE /uct/vl/
roles/{role_id}/privileges/{privilege_id}, code for modifying an internal object may be PUT
luct/v1/ roles/{role_id}/privileges/{privilege_id}, and code for obtaining a business object may be
GET /uct/v1/ roles/{role_id}/privileges/{privilege id}.

[00131] Correspondingly, code for adding internal objects in batches may be POST /uct/vl/
roles/{role_id}/privileges/batch-create, code for deleting business objects in batches may be POST
/uct/vl/ roles/{role_id}/privileges/batch-delete, and code for modifying business objects in
batches may be POST /uct/v1/ roles/{role_id}/privileges/batch-update.

[00132] The foregoing describes operation methods for an independent business object (for
example, a basic business object) and business objects in the aggregation relation. The following
describes operation methods for business objects in the one-to-many relation and business objects
in the many-to-many relation.

[00133] Specifically, operation paths of the business objects in the one-to-many relation are
usually independent, in other words, no path dependency exists. Therefore, in comparison with the
business objects in the aggregation relation, a foreign key is not created in a table (table)
corresponding to {secondary} for an operation on the business objects in the one-to-many relation.
In comparison with the independent business object, a column named {secondary} id is
automatically added to the table corresponding to {secondary} for the operation on the business
objects in the one-to-many relation.

[00134] It should be noted that, if a relation is not defined between a root object (Root BO) and
a sharding object (Sharding BO), the code management system 20 may automatically add the one-
to-many relation. If the aggregation relation or the one-to-many relation is defined, a relation is
not automatically added.

[00135] Operation paths of the business objects in the many-to-many relation are usually
independent. This is similar to a case of the one-to-many relation. A dependency relation is
generally reflected in a relational operation. A service path of an API for operating the business
object may be represented by /{service version path}/{primary name}-{secondary name}-
relations.

[00136] For ease of understanding, a user group UserGroup and a user User are used as an
example for description. Code for creating relations in batches may be POST /uct/v1/user-group-
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user-relations, code for deleting relations in batches may be DELETE /uct/v1/user-group-user-
relations, code for modifying relations in batches may be PUT /uct/v1/user-group-user-relations,
code for querying a relation may be GET /uct/v1/user-group-user-relations, code for querying all
users associated with a specific user group may be GET /uct/v1/user-groups/{id}/users, and code
for querying all user groups associated with a specific user may be GET /uct/v1/users/{id}/user-
groups.

[00137] Inaddition to the one-to-many relation, the many-to-many relation, and the aggregation
relation, a relation between business objects may alternatively be the recursion relation. The
recursion relation between the business objects may be maintained by using a relation object RO,
or may be maintained by adding a parent node identifier parentID field to the object.

[00138] When the business object includes the parentlD field, in other words, when the
recursion relation is maintained not by using the relation object, code of an API for adding a
business object, deleting a business object, or modifying a business object may be the same as the
code of the API for adding, deleting, or modifying the independent business object.

[00139] Further, a tree relation is maintained between the business objects based on parentID.
The microservice may provide an API for relation query. For example, code for obtaining a parent
node may be GET ../{BO type}s/{id}/parents, and a return value of the API is the identifier
parentlD of the parent node. Code for obtaining a direct child node may be GET ../{BO
type}s/{id}/children, and a return value of the API is IDs of all child nodes. Code for obtaining all
descendant nodes may be GET ../{BO type}s/{id}/descendants, and a return value of the API is
IDs of all the descendant nodes, where the descendant nodes may also be referred to as descendant
nodes, including the child node and a child node of the child node. Code for obtaining all ancestor
nodes may be GET ../{BO type}s/{id}/ancestors, and a return value may be a business object
identifier array, denoted as array<BusinessObject>. The array includes IDs of all the ancestor
nodes, where the ancestor nodes include a parent node and a parent node of the parent node, and a
position of a node in the array is in ascending order of a level.

[00140] When the recursion relation between the business objects is maintained for the business
objects by using the relation object, an API for adding, deleting, or modifying the recursion relation
may be implemented by using a relation table, and code of the APl may be /{service version
path}/{bo name}-relations.

[00141] For ease of understanding, an English object role is used as an example for description.
Code for relation query may be GET /uct/v1//role-relations?parent_id=xxx&child_id=xxx, code
for adding relations in batches may be POST /uct/v1/role-relations, code for modifying relations
in batches may be PUT /uct/v1/role-relations, and code for deleting relations in batches may be
DELETE /uct/vl/role-relations.
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[00142] The foregoing describes a process in which the code management system 20 generates
the code of the API. Further, the code management system 20 may generate code of an
implementation method for the API, where the code is also referred to as the query resource code.
In this embodiment of this application, the code management system 20 may not only generate,
based on the metadata in the business model, code that is at the persistence operation layer and
that is of a method for performing a simple operation on the database, but also generate, based on
the metadata in the business model, code that is at the persistence operation layer and that is of a
method for performing a complex operation on the database. The simple operation includes but is
not limited to adding, deleting, querying, or modifying a business object, or adding, deleting,
querying, or modifying a relation. The complex operation includes but is not limited to an
association operation, for example, complex query such as querying all the users associated with
the specific user group.
[00143] The following separately describes the code of the methods for different operations.
[00144] In a first case, the code management system 20 generates methods for a basic CRUD
operation and a batch operation for a business object BO.
[00145] For ease of understanding, a business object "Person” is used as an example for
description. In this example, "Person” may be defined as:
{
"service": {
"name": "TestDemo",
"packageName™: "com.xx.cloud", //xx is specifically a name of a cloud platform

"groupld": "com.xx.tools" //xx is specifically the name of the cloud platform

}
"model": {
"objects": {
"fixedFields": [
{
"name": "creator"
b
1,
"businessObjects™: [
{
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"name":"Person",
"chinessName":"",
"type":"PERSIST",
"dbVender":"MYSQL",

"primaryKeyType": "AUTO_INCREASE_NUMBER",

"fields":[
{-}

b
"generatorPolicy™: {

"mapperPackageName": "testmapper"”,

}

[00146] The code management system 20 may separately generate interface code and query
resource code for the business object "Person” through DevSpore-codegen. The interface code is
persistently stored in a DAO interface file, and a name of the file is PersonMapper.java. The query
resource code is persistently stored in an SQL resource file, and a name of the SQL resource file
is PersonMapper.xml.

[00147] Refer to FIG. 4. A metadata document obtained by the code management system 20
further includes service-level metadata. A field in the service-level metadata indicates a global
attribute of the microservice. For example, the service-level metadata may include a name
(denoted as "name") of the microservice and a package name (denoted as "packageName"). Further,
the metadata document may include a code generation policy (denoted as "generatorPolicy")
configured by the user via the configuration interface, and a query resource file package name
(denoted as "mapperPackageName") is defined in the code generation policy. The code
management system 20 may generate a package name of the DAO interface file based on the name
of the microservice, the package name, and the query resource file package name in the metadata
document. The package name may be represented by
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{service.packageName}.{generatorPolicy.mapperPackageName}. The package name of the DAO
interface file may be mapped to a file system to obtain a directory structure. The DAO interface
file, for example, a PersonMapper.java file, may be stored in the directory structure.
[00148] It should be noted that, when "mapperPackageName" is not configured in the metadata
document, the code management system 20 may generate the package name of the DAO interface
file based on a default query resource file package name, for example, "mapper"”. For example,
when "mapperPackageName" is not configured in the metadata document, the package name of
the PersonMapper.java file may be com.xxx.cloud.testdemo.mapper.PersonMapper.java. When
"mapperPackageName™ is configured in the metadata document, the code management system 20
generates the package name of the DAO interface file based on configured "mapperPackageName".
Still using the business object "Person™ as an example, "mapperPackageName" in the metadata
document is configured as "testmapper”. Correspondingly, the package name of the
PersonMapper.java file may be com.xxx.cloud.testdemo.testmapper.PersonMapper.java.
[00149] A default location for generating the query resource file may be classpath:/mapper/.
For example, a location for generating the PersonMapper.xml file may be TestDemo
/base/src/main/resources/mapper/PersonMapper.xml. It should be noted that a location for
generating the query resource file is generally not configurable.
[00150] A method for generating a newly added business object for a business object BO by the
code management system 20 may include two scenarios, and the two scenarios are separately
described below.
[00151] Inascenario, the business object is directly added. Specifically, the code management
system 20 may insert one BO, and return a quantity of inserted rows, where the quantity is 1 if the
insertion succeeds, and is O if the insertion fails. Details are as follows:

Integer insert({Bo} {bo}).
[00152] Using the business object “Person™ as an example, a method for directly adding the
business object may be Integer insert(Person person).
[00153] Inanother scenario, the business object is added based on a condition. Specifically, the
code management system 20 may insert one BO, where an attribute that is not possessed by the
object is not added; and return a quantity of inserted rows, where the quantity is 1 if the insertion
succeeds, and is O if the insertion fails. Details are as follows:

Integer insertSelective({Bo} {bo}).
[00154] Using the business object "Person™ as an example, a method for adding the business
object based on the condition may be Integer insertSelective(Person person).
[00155] Further, the code management system 20 may add business objects in batches.

Specifically, an operation of adding the business objects in batches is atomic, to be specific, an
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operation result is that all the business objects are successfully added or all the business objects
fail to be added. If the operation result is that all the business objects are successfully added, a
quantity of inserted rows is returned. If the operation result is that all the business objects fail to
be added, 0 is returned. Details are as follows:

Integer insertBatch(List<{Bo}> {bo}List).
[00156] Using the business object "Person™ as an example, a method for adding the business
objects in batches may be Integer insertBatch(List<Person> personList).
[00157] The code management system 20 may generate, for the business object BO by using a
primary key, a method for deleting a business object. A quantity of deleted rows is returned in the
method, where the quantity is 1 if the deletion succeeds, and is O if the deletion fails. Details are
as follows:

Integer deleteByPrimaryKey({BO.primaryKeyType} id).
[00158] Using the business object "Person” as an example, a method for deleting the business
object may be Integer deleteByPrimaryKey(Long id).
[00159] When business objects need to be deleted in batches, the code management system 20
may delete the business objects in batches by using a primary key list. This operation is atomic. If
all the business objects are successfully deleted, a quantity of deleted rows is returned. It should
be noted that if a primary key that does not exist is transferred, no error is reported, and the primary
key is not counted among the returned quantity. The method is specifically as follows:

Integer deleteByPrimaryKeys(List<{BO.primaryKeyType}> ids).
[00160]  Using the business object "Person” as an example, a method for deleting the business
objects in batches may be Integer deleteByPrimaryKeys(List<Long> ids).
[00161] The code management system 20 may generate, for the business object, a method for
updating the business object, where 1 is returned if the updating succeeds, and 0 is returned if the
updating fails. Details are as follows:

Integer update({Bo} {bo}).
[00162] Using the business object "Person™ as an example, a method for updating the business
object may be Integer update(Person person).
[00163] The code management system 20 may alternatively update business objects in batches.
The operation is atomic, and an operation result is that all the business objects are successfully
updated or all the business objects fail to be updated, where a quantity of updated rows is returned
if all the business objects are successfully updated, and 0 is returned if all the business objects fail
to be updated. Details are as follows:

Integer updateBatch(List<Bo> boL.ist).
[00164] Using the business object "Person™ as an example, a method for updating the business
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objects in batches may be Integer updateBatch(List<Person> personL.ist).
[00165] The code management system 20 may alternatively partially update business objects.
When the business object to be updated includes an attribute with no value, the attribute is not
updated. An update criterion is using a primary key as a condition. 1 is returned if the updating
succeeds, and 0 is returned if the updating fails or no record meets the condition. Details are as
follows:

Integer updateSelective({Bo} {bo}).
[00166] Using the business object "Person™ as an example, a method for partially updating the
business objects may be Integer updateSelective(Person person).
[00167] The code management system 20 may further obtain a business object by using a
primary key. If the business object is null, null is returned. Details are as follows:

{Bo} selectByPrimaryKey({Bo.primaryKeyType} id).
[00168]  Using the business object "Person™ as an example, a method for obtaining the business
object may be Person selectByPrimaryKey(Long id).
[00169] Further, the code management system 20 may obtain a business object list by using a
primary key list, and return a quantity of business objects that actually exist in a primary key,
where a null list is returned if none of the business objects exist. Details are as follows:

List<{Bo}> selectByPrimaryKeys(List<{Bo.primaryKeyType}> ids).
[00170] Using the business object "Person” as an example, a method for obtaining the business
object list may be List<Person> selectByPrimaryKeys(List<Long> ids).
[00171] The code management system 20 may further query a quantity of business objects
based on a query criterion. The method is as follows:

Long countByExample({Bo}Criteria {bo}Criteria).
[00172] Using the business object "Person™ as an example, a method for querying the quantity
of business objects based on the query criterion may be Long countByExample(PersonCriteria
personCriteria).
[00173] The code management system 20 may further query a business object primary key list
based on the query criterion, and a null list is returned when no business object meeting the query
criterion exists. Details are as follows:

List<{Bo.primaryKeyType}> selectiDsByExample({Bo}Criteria {bo}Criteria).
[00174] If only a primary key ID of the business object is needed, this function may be invoked
to obtain the primary key ID by reading an overwrite index instead of reading a table record. In
this way, performance is significantly improved compared with that in selectByExample. The user
may preferably use selectiDsByExample.
[00175]  Still using the business object "Person™ as an example, a method for querying the
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business object primary key list based on the query criterion may be List<Long>
selectiDsByExample(PersonCriteria personCriteria).
[00176] Similarly, the code management system may further query a business object list based
on the query criterion, and a null list is returned if no business object is hit. The method is
specifically as follows:
List<{Bo}>selectByExample({Bo}Criteria{bo}Criteria).
[00177] Using the business object "Person™ as an example, a method for querying the business
object list based on the query criterion may be List<Person> selectByExample(PersonCriteria
personCriteria).
[00178] In a second case, the business objects include a first business object and a second
business object, the first business object and the second business object are in the aggregation
relation. The code management system 20 may generate, based on the first business object and the
second business object, a data transfer object (data transfer object, DTO) shown in FIG. 4. The
code management system 20 may generate a query method for the DTO.
[00179] The code management system 20 may aggregate the first business object and the second
business object to obtain the data transfer object DAT. When aggregating the first business object
and the second business object, the code management system 20 may select a corresponding mode
based on a requirement. For example, the code management system 20 may aggregate the first
business object and the second business object in a nested (nested) mode or a Cartesian (Cartesian)
mode to obtain the data transfer object.
[00180] The nested mode is to organize, by using a business object as a reference, another
business object list related to the business object, to form an aggregate object. For example, an
aggregate object UserRoleNested of User<-m2m->Role may be:
UserRoleNested:{
User user;  List<Role> roles;
}
[00181] The Cartesian mode is to aggregate attributes of business objects to be aggregated, to
form an aggregate object. The aggregate object includes all attributes of the business objects in the
aggregation relation, and names of the business objects are used as attribute prefixes for these
attributes. For example, an aggregate object UserRoleCartesian of User<-m2m->Role may be:
UserRoleCartesian{
userld;
userName;
userCreator;

user...
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roleld;
roleName;
role...
}
[00182] The code management system 20 may generate different query methods based on
different aggregation modes. The different query methods may be persistently stored by using
corresponding DTO mapper files.
[00183] When the aggregation mode is the nested mode, during query, the code management
system 20 may find, from BoMapper of both parties in the relation, a record that meets a condition,
and then set a result in the aggregate object. For example, using query of UserRoleNested as an
example, the method may be as follows:
UserRoleNested userRoleNested = new UserRoleNested();
User user = userMapper.selectByPrimaryKey(userld);
List<Role> roles = roleMapper.getRolesByUserld(userld);
userRoleNested.setUser(user); and
userRoleNested.setRole(roles).
[00184] When the aggregation mode is the Cartesian mode, the code management system 20
may directly query an aggregate object in the Cartesian mode based on a primary key of one of
the business objects, for example, a primary key of a primary object or a primary key of a
secondary object. The following separately describes a process of directly querying the aggregate
object in the Cartesian mode based on the primary key of the primary object and a process of
directly querying the aggregate object in the Cartesian mode based on the primary key of the
secondary object.
[00185] A method for querying an aggregate object list based on the primary key of the primary
object may be as follows:
List<{Primary}{Secondary}Cartesian> get{Primary}{Secondary}CartesianBy
{Primary}ld ({Primary.keyType} {Primary}id).
[00186] Using query of UserRoleNested as an example, if the first business object is "user”,
and the second business object is "Role", the method for querying the aggregate object list based
on the primary key of the primary object may be List<UserRoleCartesian>
getUserRoleCartesianByUserld(Long userld).
[00187] A method for querying an aggregate object list based on the primary key of the
secondary object may be as follows:
List<{Primary}{Secondary}Cartesian>get{Primary}{Secondary}CartesianBy{Secon
dary}l-d ({Secondary.keyType}{Secondary}id).
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[00188] Using query of UserRoleNested as an example, if the first business object is "user”,
and the second business object is "Role", a method for querying the aggregate object list based on
the primary key of the secondary object may be List<UserRoleCartesian>
getUserRoleCartesianByRoleld(Long roleld).

[00189] In athird case, the code management system 20 may generate a basic CRUD method
and a batch operation method for the relation object RO, to manage a relation between business
objects BOs. The following provides separate descriptions based on relations between BOs.
[00190] It is assumed that the many-to-many relation between User<-->Role is defined as

follows:

"name": "rel-user-role",
"primary": "User",
"secondary™: "Role",
"relationType": "MANY2MANY",
"apiTypes": [

"NESTED",

"CARTESIAN"
1
"tableName": "user_role_new",
"fields™: [
{

"name": "userld",

"type": "LONG",

"length™: 200,

"remark”: "user id",

"defaultValue": null,

"name": "roleld",
"type": "LONG",
"length™: 200,

"remark": "role id",
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"name": "creator",
"type": "STRING",
"length™: 200,

"remark": "creator",

"name": "createTime",
"type": "STRING",
"length™: 200,

}
}

[00191] fields is a relation table field defined by the user. A relation table includes at least two
fields: userld and roleld, where userld and roleld are associated with respective business objects.
In addition to the foregoing two fields, another additional description field may be further added
by the user, including but not limited to a creator of the relation, validation time of the relation,
expiration time of the relation, or the like.
[00192] The code management system 20 may generate a DAO interface file and a query
resource file for a relation operation on the relation object through DevSpore. The DAO interface
file may be UserRoleRelationMapper.java, and the query resource file may be an SQL resource
file UserRoleRelationMapper.xml. UserRoleRelationMapper.java may be generated in a package
path {packageName}.{mapperPackageName or default mapper}, and
UserRoleRelationMapper.xml may be generated in a default location, for example,
classpath:/mapper. This is the same as a case of a single business object.
[00193] A method for the relation operation includes a method for adding a relation object, a
method for deleting a relation object, a method for updating a relation object, or a method for
querying a relation object. The following separately describes the methods for relation operation
in detail.
[00194] For the method for adding a relation object, the code management system 20 may insert
one RO, and return a quantity of inserted rows, where the quantity is 1 if the insertion succeeds,
and is O if the insertion fails. Details are as follows:

int insert({Primary}{Secondary}Relation relation).
[00195] Using the relation object UserRoleRelation as an example, a method for adding the
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relation object by the code management system 20 may be int insert (UserRoleRelation relation).
[00196] For the method for adding a relation object, the code management system 20 may
alternatively add the relation object as required based on a relation attribute. Specifically, the code
management system 20 may insert one relation conditionally based on a relation entity record. If
a field exists, the corresponding field is not inserted. If the insertion succeeds, 1 is returned. If the
insertion fails, O is returned. Details are as follows:

int insertSelective({Primary}{Secondary}Relation relation).
[00197] Using the relation object UserRoleRelation as an example, the code management
system 20 may selectively add the relation object. The method may be int insertSelective
(UserRoleRelation relation).
[00198] Similar to adding the business objects in batches, the code management system 20 may
add relation objects in batches. Specifically, the code management system 20 may insert the
relation objects in batches based on a primary key (for example, a composite primary key including
two primary keys), and return a quantity of rows of inserted relation objects. Details are as follows:

Integer
insertBatch{Primary}By{Secondary}ld(List<{Primary}{Secondary}Key>relations).
[00199] Using the relation object UserRoleRelation as an example, a method for adding the
relation object in batches may be:

UserMapper.java: Integer insertBatchUserByRoleld(List<UserRoleKey> relations);

Integer  insertBatch{Secondary}By{Primary}ld(List<{Primary}{Secondary}Key>
relations; and

RoleMapper.java: Integer insertBatchRoleByUserld(List<UserRoleKey> relations).
[00200] It should be noted that, when inserting the relation object in batches, the code
management system 20 usually supports insertion of a primary key, but does not support insertion
of information other than the primary key.
[00201] For the method for deleting a relation object, the code management system 20 may
delete one record based on a primary key (for example, a composite primary key including two
primary keys) of a relation table, return a quantity of deleted rows, where 1 is returned when the
deletion succeeds, and 0 is returned when the deletion fails or no record meeting a condition exists.
Details are as follows:

Int deleteByPrimaryKey(@Param("{Primary}Id") {Primary.keyType} {primary}id,
@Param("{Secondary}ld") {Secondary.keyType} {secondary}id).
[00202] Using deletion of UserRoleRelation as an example, a method for deleting the relation
object by the code management system 20 may be int deleteByPrimaryKey(@Param(* userld™)
Long userld, @Param("roleld™) Long roleld).
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[00203] Similar to deleting the business objects in batches, the code management system 20
may delete relation objects in batches. Specifically, the code management system 20 may delete
the relation objects in batches based on a primary key list, where a parameter of the method is
PrimarySecondaryKey whose attribute is a foreign key; and return a quantity of deleted rows, or
return O if no record meeting a condition exists. Details are as follows:
Integer deleteBatch{Primary}By{Secondary}d(List<{Primary}{Secondary}Key>
relations); and
Integer deleteBatch{Secondary}By{Primary}d(List<{Primary}{Secondary}Key>
relations).
[00204] The following uses UserRoleKey as an example to describe deletion of the relation
object in batches.
[00205] In this example, UserRoleKey is specifically defined as follows:
UserRoleKey{
Long userld;
Long roleld;
/lgetter and setter
}
[00206] Then, the code management system 20 may generate the following code to delete
UserMapper.java based on PrimaryKey and delete RoleMapper.java based on SecondaryKey.
Details are as follows:
UserMapper.java:
Integer deleteBatchUserByRoleld(List<UserRoleKey> relations);
RoleMapper.java:
Integer deleteBatchRoleByUserld(List<UserRoleKey> relations).
[00207] The code management system 20 may further generate, for the relation object, a method
for updating the relation object. Specifically, the code management system 20 may update one
record based on a primary key. If the update succeeds, 1 is returned; if the update fails or no record
meets a condition, 0 is returned. Details are as follows:
int update({Primary}{Secondary}Relation record).
[00208] Using the relation object UserRoleRelation as an example, a method generated by the
code management system 20 for updating the relation object may be int update(UserRoleRelation
record).
[00209] The code management system 20 may alternatively update the relation object as
required based on an attribute. An updating criterion may be using a composite primary key as a
condition. If another attribute is not configured, content is not updated. 1 is returned if the updating
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succeeds, and 0 is returned if the updating fails or no record meets the condition. Details are as
follows:
int updateSelective({Primary}{Secondary}Relation record).
[00210] Using the relation object UserRoleRelation as an example, a method for updating the
relation object as required based on an attribute by the code management system 20 may be int
updateSelective(UserRoleRelation record).
[00211] The code management system 20 may query a quantity of relation objects that meet the
condition. If no record meets the condition, 0 is returned. Otherwise, the quantity of relation objects
that meet the condition is returned. Details are as follows:
long countByExample({Primary}{Secondary}RelationCriteria example).
[00212] Using the relation object UserRoleRelation as an example, a method for querying, by
the code management system 20, the quantity of relation objects that meet the condition may be
long countByExample(UserRoleRelationCriteria example).
[00213] The code management system 20 may further query a relation record that meets a
condition. Specifically, the code management system 20 may query, based on a given relation
attribute condition, a relation record that meets the condition, and return a relation record that
meets the condition. If no relation record that meets the condition exists, a null list is returned.
Details are as follows:
List<{Primary}{Secondary}Relation>selectByExample({Primary}{Secondary}Relat
ion Criteria example).
[00214] Using the relation object UserRoleRelation as an example, a method for querying, by
the code management system 20, the relation record that meets the condition may be
List<UserRoleRelation> selectByExample(UserRoleRelationCriteria example).
[00215] The code management system 20 may alternatively query the relation record based on
a primary key (for example, a composite primary key), and return a found relation record. If no
relation record is found, null is returned. Details are as follows:
{Primary}{Secondary}RelationselectByPrimaryKey(@Param("{Primary }Id"){Prima
ry. KeyType Hprimary}d, @Param("{Secondary}Id") {Secondary.keyType} {secondary}id).
[00216] Using the relation object UserRoleRelation as an example, a method for querying the
relation record based on the primary key by the code management system 20 may be
UserRoleRelation selectByPrimaryKey(@Param("userld™) Long userld, @Param("roleld") Long
roleld).
[00217] The code management system 20 may query relation objects in batches. Specifically,
the code management system 20 may query relation information in batches based on a plurality of
primary keys (a composite primary key), where a parameter is a relation object, and an attribute
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of the relation object includes a primary key. During the query, the primary key is used as a
condition. If no record that meets the condition exists, a null list is returned. Details are as follows:
List<Primary}{Secondary}Relation>selectByPrimaryKeys(List<Primary}{Secondar
y} Relation>ids).
[00218] Using the relation object UserRoleRelation as an example, a method for querying the
relation objects in batches by the code management system 20 may be List<UserRoleRelation>
selectByPrimaryKeys(List<UserRoleRelation> ids).
[00219] Further, the code management system 20 may query, based on an ID of one of two
parties in the relation, an associated business object list of the other party. For example, the code
management system 20 queries a business object list of a local party based on an ID of an opposite
party in the relation, and returns the found business object list of the local party. If no record meets
a condition, a null list is returned. Details are as follows:
List<{Primary}> get{Primary}By{Secondary}ld({Secondary}.keyType id).
[00220] Using the relation object UserRoleRelation as an example, a method for querying the
business object list of the local party by the code management system 20 based on the ID of the
opposite party may be:
UserMapper.java:
List<User> getUsersByRoleld(Long id);
List<{Secondary}> get{Secondary}By{Primary}Id({Primary}.keyType id)
RoleMapper.java:
List<Role> getRolesByUserld(Long id).
[00221] The code management system 20 may query, based on the ID of the opposite party in
the relation, an associated business object primary key list of the local party, and return the found
business object primary key list of the local party. If no record meeting a condition exists, a null
list is returned. Details are as follows:
List<{Primary}.keyType> get{Primary}IdsBy{Secondary}Id({Secondary} id).
[00222] Using the relation object UserRoleRelation as an example, a method for querying, by
the code management system 20 based on the ID of the opposite party in the relation, the associated
business object primary key list of the local party may be:
UserMapper.java:
List<Long> selectUserldsByRoleld(Long id);
List<{Secondary}.keyType>get{Secondary}IdsBy{Primary}ld({Primary}id);
roleMapper.java:
List<Long> selectRoleldsByUserld(Long id).
[00223]  For the recursion relation in the many-to-many relation, the code management system
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20 may further generate the following method for the recursion relation: querying a child business
object based on a primary key, querying a parent business object based on the primary key,
querying a child business object primary key based on the primary key, and querying a parent
business object primary key based on the primary key.
[00224] The code management system 20 queries the child business object in the recursion
relation based on the primary key (because a storage process cannot be applied, only one layer of
relation can be queried in the current method). If no child business object exists, null is returned.
Details are as follows:

List<{Bo}>getChild{Bo}sByld({Bo.keyType} {bo}Id).
[00225] Descriptions are provided by using Roles as a current business object. A method for
querying the child business object by the code management system 20 based on the primary key
may be List<Role> getChildRolesByld(Long roleld).
[00226] Similarly, the code management system 20 queries the parent business object in the
recursion relation based on the primary key (because a storage process cannot be applied, only one
layer of relation can be queried in the current method). If no parent business object exists, null is
returned. Details are as follows:

List<{Bo}> getParent{Bo}sByld({Bo.keyType} {bo}id).
[00227] Descriptions are provided by using Roles as a current business object. A method for
querying the parent business object in the recursion relation by the code management system 20
based on the primary key may be List<Role> getParentRolesByld(Long roleld).
[00228] The code management system 20 may further query the child business object primary
key in the recursion relation based on the primary key (because a storage process cannot be applied,
only one layer of relation can be queried in the current method). If no child business object primary
key exists, null is returned. Details are as follows:

List<{Bo}> get{Bo}ChildldsByld({Bo.keyType} {bo}id).
[00229] Descriptions are provided by using Roles as a current business object. A method for
querying the child business object primary key in the recursion relation by the code management
system 20 based on the primary key may be List<Long> selectRoleChildldsByld(Long id).
[00230] The code management system 20 queries the parent business object primary key in the
recursion relation based on the primary key (because a storage process cannot be applied, only one
layer of relation can be queried in the current method). If no parent business object primary key
exists, null is returned. Details are as follows:

List<{Bo}> get{Bo}ParentldsByld({Bo.keyType} {bo}id).
[00231] Descriptions are provided by using Roles as a current business object. A method for

querying the parent business object primary key in the recursion relation by the code management

37



10

15

20

25

30

35

system 20 based on the primary key may be List<Long> selectRoleParentldsByld(Long id).
[00232] For three business objects, two relation objects may be constructed. When the two
relation objects include a same business object, for example, both Person-o2m->User and User<-
m2m->Role include a business object User, the code management system 20 may generate, for a
business object (for example, Role), a method for querying, based on a primary key of another
business object (for example, Person) and by using the common business object (for example,
User), the indirectly associated business object Role and a primary key corresponding to Role.
[00233] For another example, if a relation object Company aggregate->CompanyAccount and
a relation object Workspace 02m->Company include a business object Company, the code
management system 20 may generate, for CompanyAccount, a method for querying, based on a
primary key of Workspace and by using Company, the indirectly associated business object
CompanyAccount and a primary key.

[00234] In some possible implementations, the code management system 20 may generate a
method for querying a business object record of an opposite party based on two relation objects
by using an intermediate business object, and return a null list if no record that meets a condition
exists. Details are as follows:

List<{Bo}> get{Bo}sThru{SecondBo}By{ThirdBo}Id({ThirdBo.keyType} {thirdBo}Id).
[00235]  Using Person-02m->User and User<-m2m->Role as an example, the method generated
by the code management system 20 for querying the business object record of the opposite party
may be:

RoleMapper.java:

List<Role> getRolesThruUserByPersonld(Long personld);
CompanyAccount.java:
List<CompanyAccount>getCompanyAccountsThruCompanyByWorkspaceld(Long
workspaceld)
[00236] When the two relation objects constructed based on the three business objects include
the same business object, for example, Person-o2m->User and User<-m2m->Role include the
business object User, where User and Role are in the many-to-many relation, the code management
system 20 generates, for Role, a method for querying, based on a primary key of Person and by
using User, the indirectly associated business object Role and a target object with Userld, namely,
RoleWithUserld.
[00237] The code management system 20 may generate a method for querying, based on the
two relation objects and by using an intermediate business object, a business object primary key
record of an opposite party; and return a null list if no record that meets a condition exists, or
generate, if a relation between a found target object and the intermediate business object is the
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many-to-many relation, a method for querying a target object with an intermediate object primary
key. Details are as follows:

List<{Bo}With{SecondBo}ld>get{Bo}sThru{SecondBo}By{ThirdBo}Id2({ThirdB
0.key Type}{thirdBo}ld).
[00238] Using Person-02m->User and User<-m2m->Role as an example, a method generated
by the code management system 20 for querying a business object primary key record of an
opposite party may be:

roleMapper.java:

List<RoleWithUserld> getRolesThruUserByPersonld2(Long personld).
[00239] In some possible implementations, the code management system 20 may further
receive a component extension policy configured by the user via the configuration interface. As
shown in FIG. 4, the metadata document further includes the component extension policy. The
code management system 20 may further generate code of an extended component of the
microservice based on the business model of the microservice and according to the component
extension policy. The extended component may include one or more of an authentication
component, a validation component, a probe component, and an annotation configuration
component.
[00240] A database model designed based on a business object is further defined in
embodiments of this application, and the database model is a sharding model. Refer to FIG. 7,
namely, a diagram of a structure of a database model. The database model, for example, a logical
database 1 to a logical database, includes a root table object and a sharding object. The root table
object may be denoted as a root table, and the sharding object may be denoted as a sharding table.
The user may preconfigure an object type to provide a basis for a subsequent sharding operation,
to implement a convenient sharding operation.
[00241] The foregoing describes the method for generating the code of the microservice by the
code management system 20. The code of the microservice includes a plurality of layers of code.
The code management system 20 may further generate a code directory of the microservice. The
code directory includes a plurality of subdirectories, and the plurality of subdirectories are in one-
to-one correspondence with the plurality of layers of code.
[00242] Based on the foregoing content descriptions, this embodiment of this application
provides the microservice creation method. In the method, the code management system 20
generates, according to a domain-driven design concept, the code of the microservice based on the
user-defined business model, and specifically, based on the metadata of the business objects and
the metadata of the relation object that identifies the business objects in the business model, to

resolve a problem that simple code at a specific layer is generated through a code generation tool
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or a functional module built in a development platform. This improves development efficiency. In
addition, the method allows the user to flexibly define the business model, has good extensibility,
and can complete full-link connection of microservice development, resolve a large amount of
framework development work at an early stage of the microservice development, and resolve cloud
service interconnection, deployment system interconnection, middleware support, architecture
design in a high-performance and high-reliability scenario, and the like, to provide a mature
product-level solution to a developer.

[00243] The following describes the microservice creation method in embodiments of this
application with reference to a specific application scenario.

[00244] Refer to FIG. 8, namely, a flowchart of a microservice creation method. The method
includes the following steps.

[00245]  Step 1: Auser triggers a project creation operation through a portal (portal) system; and
in response to the project creation operation, the portal system sends a project creation instruction
to an application backend service, so that the application backend service creates a project.
[00246] The project may be an application, and the application may include one or more
microservices. The microservice may be interconnected with various cloud services, such as a
database, storage, a log, monitoring, and load balancing, and is provided together with the cloud
service as components for the user to use.

[00247] Refer to FIG. 9A, namely, a diagram of an application creation interface provided by
the portal system. The application creation interface includes an application creation control. The
user triggers the application creation control to trigger an operation of creating the project or the
application. Correspondingly, the portal system may send the project creation instruction to the
application backend service in response to the foregoing operation of the user. Then, refer to FIG.
9B, namely, a diagram of an application configuration interface provided by the portal system. The
user may quickly create the application through simple configuration, for example, on an
application name, an application description, and an associated project (used as a template for
creating the application).

[00248] Step 2: The user triggers a microservice creation operation through the portal system;
and the portal system creates a microservice in response to the microservice creation operation,
and applies to a basic service of a cloud platform for a basic service corresponding to the
microservice.

[00249] In this embodiment, the microservice may be provided to the user in a form of a
component. Refer to FIG. 9C, namely, a diagram of a microservice creation interface. The
microservice creation interface includes a component creation control. When the control is

triggered, a microservice configuration interface shown in FIG. 9D to FIG. 9F may be jumped to.
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The user may perform simple configuration via the microservice configuration interface, to
quickly create the microservice.

[00250] As shown in FIG. 9D to FIG. 9F, the user may configure, via the microservice
configuration interface, a development language, an application template, an application hosting
mode, basic application information (such as a component name, a component description, a group,
and a package name), selection of an interconnected cloud service system (including an application
hosting system, a log system, a monitoring system, a link call system, and the like), application of
a cloud service (including a database, a cache, load balancing, an API gateway, a container cluster,
and the like), and the like.

[00251] Step 3: The application backend service obtains metadata of a business model based on
business design, and then invokes a code generation service to generate code of the microservice
through the code generation service based on the metadata of the business model, to create the
microservice.

[00252] Then, refer to FIG. 9G, namely, a schematic flowchart of microservice creation. After
the user completes the foregoing configuration via the configuration interface, the application
backend service may create a component, generate an engineering framework, create a code
repository, submit code, and create a pipeline until the creation succeeds. When invoking the code
generation service to generate the code of the microservice, the application backend service may
further query a code generation status, and submit the code to the code repository when the code
generation status is success. After the creation succeeds, information, such as the code repository
and the pipeline, about the microservice may be displayed in an overview area in an interface in
FIG. 9H. Further, the overview area may display alarm statistics information and a latest alarm, so
that the user can adjust the code of the microservice based on the alarm statistics information or
the latest alarm. In addition, the overview area may further display a quantity of instances and
interface latency distribution, to adjust a deployment status based on the interface latency
distribution.

[00253] FIG. 91 and FIG. 9J respectively show a code generation procedure and a code
generation result. As shown in FIG. 91, the user may trigger a microservice creation operation, and
then configure metadata of business objects and metadata of a relation object via a configuration
interface of the portal system. The code generation service may automatically generate code based
on the metadata. It should be noted that, the code generation service may generate one or more of
spring mvc framework code, pipeline code, data persistence operation layer code (for example,
batis.xml), and data definition language (Data Definition Language, DDL) code in a structured
query language (Structured Query Language, SQL) query statement based on the metadata in a
configuration file. The code generation service may further generate an intermediate file based on
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the metadata in the configuration file, for example, generate swagger.yaml, and then generate one
or both of service layer code and model layer code through a code generation plug-in in the code
generation service based on the intermediate file. Further, the user may add an extended interface,
and implement extended business logic, to generate code of an extended component of the
microservice. The extended component includes one or more of an authentication component, a
validation component, a probe component, and an annotation configuration component. FIG. 9]
shows each layer of code that is of the microservice and that is generated by the code generation
service based on a code layering specification and a directory generated based on a directory
specification.

[00254] Code generation is integrated into a whole application development process in the
method, and can be provided to an enterprise or a developer for use. The application is created in
a process-based manner, so that services for application creation are automatically interconnected,
thereby improving creation efficiency.

[00255] Next, refer to FIG. 10, namely, a flowchart of a microservice creation method. The
method includes the following steps.

[00256] Step 1: A user triggers, through a frontend interface, for example, a portal system or a
client, an operation of generating an empty project. Then, the user transfers a code repository
address and a token to a cloud IDE to open the project, and imports DDL to an IDE plug-in to edit
business.

[00257] Step 2: The IDE plug-in invokes a code generation service based on metadata that is of
a business model and that is edited by the user, to generate code of a microservice.

[00258] Step 3: A code generation microservice uploads code to the code repository, the IDE
plug-in downloads the code from the code repository, and the cloud IDE opens the downloaded
code from the IDE plug-in, to implement business logic.

[00259] The following describes a usage procedure for the IDE plug-in in detail.

[00260] Refer to FIG. 11A and FIG. 11B, namely, diagrams of a microservice configuration
interface. The user may configure basic project information such as a microservice name, a group
identifier (group ID), and a version via the microservice configuration interface shown in FIG.
11A, and configure a framework component, for example, a database component, an
authentication service component, an authentication service component, and a cache service
component, via the microservice configuration interface shown in FIG. 11B.

[00261] Next, refer to FIG. 11C, namely, a diagram of a microservice business design interface.
The interface supports design from scratch, also supports design performed by importing existing
data, and is specifically for designing a business object and a relation between business objects.
The relation is represented by a connection line. The user defines an attribute of the connection
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line to design the relation.

[00262] Then, refer to FIG. 11D, namely, a diagram of a creation procedure interface. The code
generation service generates code based on business design, and the user loads the code in the IDE
to open the project, to implement the business logic.

[00263] An application creation process is embedded into the IDE plug-in in the method, and a
developer only needs to download the plug-in from a plug-in market and install the plug-in for use.
This improves user convenience in use, and improves user friendliness.

[00264] Next, refer to FIG. 12, namely, a flowchart of a microservice creation method. The
method includes the following steps.

[00265] Step 1. A user triggers a microservice creation operation, and configures basic
information of a microservice.

[00266] Refer to FIG. 13A, namely, a diagram of a microservice configuration interface. The
user may configure one or more of a creation type, a microservice name, a project, a workspace, a
service number, and a description via the microservice configuration interface, where the creation
type includes creating the microservice or selecting the microservice from a UADP. The project is
an application to which the microservice belongs.

[00267] Step 2: The user selects a business model and a service configuration.

[00268] Refer to FIG. 13B, namely, a diagram of a microservice configuration interface. The
user may configure a framework configuration via the microservice configuration interface. The
framework configuration specifically includes a service type and a code template. The code
template includes a customized field, for example, a database model, a model branch, a packaging
mode, an authentication mode, a cache mode, a version, and a group ID.

[00269] In the customized field in the code template, a data model designed by DbDesigner
may be selected for the "database model™. Alternatively, "Create” after a "database model" drop-
down list may be clicked to create an empty database model to create the microservice.

[00270] Step 3: The user selects a code repository.

[00271] Refer to FIG. 13C, namely, a diagram of a microservice configuration interface. The
user may configure a code repository via the interface. Specifically, the user selects a needed
repository type and a needed repository organization. If the organization does not exist, the user
may directly manually enter an organization name, and the organization is synchronously created
in the code repository when the microservice is created.

[00272] Step 4: The user configures a pipeline to create the microservice.

[00273] When "Create pipeline now" is selected in the interface in FIG. 13C, the pipeline may
be configured in an interface in FIG. 13D. Specifically, the user may select a code check rule set
and a deployment system via the microservice configuration interface in FIG. 13D. When the
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deployment system is configured as container, it indicates that containerized deployment is applied.
When the deployment system is configured as general, it indicates that virtual machine deployment
is applied.
[00274] In the method, application creation is service-oriented, and the data model can be
directly imported at a frontend to create an application. This ensures consistency of business design,
and the code of the microservice in the application can be directly generated based on the business
design, to improve microservice creation efficiency.
[00275] Based on the microservice creation method provided in embodiments of this
application, embodiments of this application further provide the foregoing code management
system 20. From a perspective of function modularization, the following describes the code
management system 20 provided in embodiments of this application with reference to the
accompanying drawings.
[00276] Refer to FIG. 14, namely, a diagram of a structure of the code management system 20.
The system 20 includes:

an interaction module 1402, configured to present a configuration interface to a user;

a communication module 1404, configured to receive a business model that is of a
microservice and that is configured by the user via the configuration interface, where the business
model includes metadata of a plurality of business objects and metadata of a relation object that
identifies a relation between the plurality of business objects; and

a generation module 1406, configured to generate code of the microservice based on
the business model of the microservice.
[00277] In some possible implementations, the generation module 1406 is specifically
configured to:

generate base module code and extension module code based on the business model of
the microservice, where the base module code is incapable of being modified by the user, the
extension module code is capable of being modified by the user, and the base module code is
separated from the extension module code.
[00278] In some possible implementations, the code of the microservice includes at least one
of code at a controller layer, code at a business logic layer, code at a data aggregation layer, code
at a data persistence operation layer, and code at a database entity layer.
[00279] In some possible implementations, the generation module 1406 is specifically
configured to:

generate the code at the data persistence operation layer of the microservice based on
the metadata of the business object or the metadata of the relation object, where the code at the
data persistence operation layer of the microservice includes interface code and query resource
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code.
[00280] Insome possible implementations, the relation between the plurality of business objects
includes one or more of a one-to-many relation, a many-to-many relation, a recursion relation, or
an aggregation relation.
[00281] In some possible implementations, the plurality of business objects include a first
business object and a second business object, a relation between the first business object and the
second business object is the aggregation relation, and the system 20 further includes:

an aggregation module 1408, configured to aggregate the first business object and the
second business object to obtain a data transfer object.
[00282] The generation module 1406 is specifically configured to:

generate the query resource code for the data transfer object.
[00283] In some possible implementations, the aggregation module 1408 is specifically
configured to:

aggregate the first business object and the second business object in a nested mode or
a Cartesian mode to obtain the data transfer object.
[00284] Insome possible implementations, the business model further includes metadata of an
extended application programming interface API, and the generation module 1406 is further
configured to:

generate code of the extended API based on the metadata of the extended API.
[00285] In some possible implementations, the communication module 1404 is further
configured to:

receive a code generation policy configured by the user via the configuration interface.
[00286] The generation module 1406 is specifically configured to:

generate the code of the microservice based on the business model of the microservice
and according to the code generation policy.
[00287] In some possible implementations, the code generation policy includes creation or
inheritance.
[00288] In some possible implementations, the communication module 1404 is further
configured to:

receive a component extension policy configured by the user via the configuration
interface.
[00289] The generation module 1406 is specifically configured to:

generate code of an extended component of the microservice based on the business
model of the microservice and according to the component extension policy.
[00290] Insome possible implementations, the extended component includes one or more of an
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authentication component, a validation component, a probe component, and an annotation
configuration component.
[00291] Insome possible implementations, the system 20 further includes:

a creation module 1409, configured to create a database model, where the database
model includes a root table object and a sharding object.
[00292] In some possible implementations, the code of the microservice includes a plurality of
layers of code, and the generation module 1406 is further configured to:

generate a code directory of the microservice, where the code directory includes a
plurality of subdirectories, and the plurality of subdirectories are in one-to-one correspondence
with the plurality of layers of code.
[00293] It should be noted that the code management system 20 may include a code generation
apparatus 202 and a code management apparatus 204. The interaction module 1402, the
communication module 1404, the generation module 1406, the aggregation module 1408, and the
creation module 1409 may be functional modules in the code generation apparatus 202. The
modules of the code generation apparatus 202 are configured to implement the microservice
creation method in embodiments of this application. Further, the code management system 20 may
include a pipeline management module, a running governance module, and an operation and
maintenance management module (not shown in FIG. 14). These modules may be modules in the
code management apparatus 204, and are configured to implement functions such as automatic
pipeline generation, microservice governance, and microservice operation and maintenance.
[00294] The code management system 20 according to this embodiment of this application may
correspondingly perform the method described in embodiments of this application, and the
foregoing and other operations and/or functions of the modules/units of the code management
system 20 are separately intended to implement corresponding procedures of the methods in the
embodiment shown in FIG. 3. For brevity, details are not described herein again.
[00295] An embodiment of this application further provides a computing device cluster. The
computing device cluster includes at least one computing device, and any one of the at least one
computing device may be from a cloud environment or an edge environment, or may be a terminal
device. The computing device cluster is specifically configured to implement a function of the
code management system 20 in the embodiment shown in FIG. 14.
[00296] FIG. 15 is a diagram of a structure of a computing device cluster. As shown in FIG. 15,
the computing device cluster 150 includes a plurality of computing devices 1500, and the
computing device 1500 includes a bus 1501, a processor 1502, a communication interface 1503,
and a memory 1504. The processor 1502, the memory 1504, and the communication interface
1503 communicate with each other via the bus 1501.
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[00297] The bus 1501 may be a peripheral component interconnect (peripheral component
interconnect, PCI) bus, an extended industry standard architecture (extended industry standard
architecture, EISA) bus, or the like. Buses may be classified into an address bus, a data bus, a
control bus, and the like. For ease of representation, only one thick line is used to represent the bus
in FIG. 15, but this does not mean that there is only one bus or only one type of bus.

[00298] The processor 1502 may be any one or more of processors such as a central processing
unit (central processing unit, CPU), a graphics processing unit (graphics processing unit, GPU), a
microprocessor (microprocessor, MP), or a digital signal processor (digital signal processor, DSP).
[00299] The communication interface 1503 is configured to communicate with outside. For
example, the communication interface 1503 is configured to: receive a business model that is of a
microservice and that is configured by a user via a configuration interface, receive a code
generation policy configured by the user via the configuration interface, and receive a component
extension policy configured by the user via the configuration interface.

[00300] The memory 1504 may include a volatile memory (volatile memory), for example, a
random access memory (random access memory, RAM). The memory 1504 may further include a
non-volatile memory (non-volatile memory), for example, a read-only memory (read-only memory,
ROM), a flash memory, a hard disk drive (hard disk drive, HDD), or a solid-state drive (solid-state
drive, SSD).

[00301] The memory 1504 stores computer-readable instructions, and the processor 1502
executes the computer-readable instructions, to enable the computing device cluster 150 to perform
the foregoing microservice creation method (or implement a function of the foregoing code
management system 20).

[00302] Specifically, when the embodiment of the system shown in FIG. 14 is implemented,
and functions of the modules such as the interaction module 1402, the communication module
1404, the generation module 1406, the aggregation module 1408, and the creation module 1409 of
the code management system 20 described in FIG. 14 are implemented by software, the software
or program code needed for executing the functions of the modules in FIG. 14 may be stored in
the at least one memory 1504 in the computing device cluster 150. The at least one processor 1502
executes the program code stored in the memory 1504, so that the computing device cluster 150
performs the foregoing microservice creation method.

[00303] An embodiment of this application further provides a computer-readable storage
medium. The computer-readable storage medium may be any usable medium that can be stored
by a computing device, or a data storage device, such as a data center, including one or more usable
media. The usable medium may be a magnetic medium (for example, a floppy disk, a hard disk,
or a magnetic tape), an optical medium (for example, a DVD), a semiconductor medium (for
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example, a solid-state drive), or the like. The computer-readable storage medium includes
instructions, and the instructions instruct a computing device or a computing device cluster to
perform the foregoing microservice creation method.

[00304] An embodiment of this application further provides a computer program product. The
computer program product includes one or more computer instructions. When the computer
instructions are loaded and executed on a computing device, the procedures or functions according
to embodiments of this application are all or partially generated. The computer instructions may
be stored in a computer-readable storage medium, or may be transmitted from one computer-
readable storage medium to another computer-readable storage medium. For example, the
computer instructions may be transmitted from a website, a computing device, or a data center to
another website, computing device, or data center in a wired (for example, a coaxial cable, an
optical fiber, or a digital subscriber line (DSL)) or wireless (for example, infrared, radio, or
microwave) manner. The computer program product may be a software installation package. When
any one of the foregoing microservice creation methods needs to be applied, the computer program
product may be downloaded and executed on a computing device or a computing device cluster.
[00305] Descriptions of procedures or structures corresponding to the accompanying drawings
have respective focuses. For a part that is not described in detail in a procedure or structure, refer

to related descriptions of other procedures or structures.
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CLAIMS

What is claimed is:

1. A microservice creation method, wherein the method comprises:

presenting a configuration interface to a user;

receiving a business model that is of a microservice and that is configured by the user via the
configuration interface, wherein the business model comprises metadata of a plurality of business
objects and metadata of a relation object that identifies a relation between the plurality of business
objects; and

generating code of the microservice based on the business model of the microservice.

2. The method according to claim 1, wherein the generating code of the microservice based
on the business model of the microservice comprises:

generating base module code and extension module code based on the business model of the
microservice, wherein the base module code is incapable of being modified by the user, the
extension module code is capable of being modified by the user, and the base module code is
separated from the extension module code.

3. The method according to claim 1 or 2, wherein the code of the microservice comprises at
least one of code at a controller layer, code at a business logic layer, code at a data aggregation
layer, code at a data persistence operation layer, and code at a database entity layer.

4. The method according to claim 3, wherein the generating code of the microservice based
on the business model of the microservice comprises:

generating the code at the data persistence operation layer of the microservice based on the
metadata of the business object or the metadata of the relation object, wherein the code at the data
persistence operation layer of the microservice comprises interface code and query resource code.

5. The method according to any one of claims 1 to 4, wherein the relation between the
plurality of business objects comprises one or more of a one-to-many relation, a many-to-many
relation, a recursion relation, or an aggregation relation.

6. The method according to claim 5, wherein the plurality of business objects comprise a first
business object and a second business object, a relation between the first business object and the
second business object is the aggregation relation, and the method further comprises:

aggregating the first business object and the second business object to obtain a data transfer
object; and

generating the query resource code for the data transfer object.

7. The method according to claim 6, wherein the aggregating the first business object and the

second business object to obtain a data transfer object comprises:
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aggregating the first business object and the second business object in a nested mode or a
Cartesian mode to obtain the data transfer object.

8. The method according to claim 4, 6, or 7, wherein the business model further comprises
metadata of an extended application programming interface API, and the method further comprises:

generating code of the extended API based on the metadata of the extended API.

9. The method according to any one of claims 1 to 8, wherein the method further comprises:

receiving a code generation policy configured by the user via the configuration interface; and

the generating code of the microservice based on the business model of the microservice
comprises:

generating the code of the microservice based on the business model of the microservice and
according to the code generation policy.

10. The method according to claim 9, wherein the code generation policy comprises creation
or inheritance.

11. The method according to any one of claims 1 to 8, wherein the method further comprises:

receiving a component extension policy configured by the user via the configuration interface;
and

the generating code of the microservice based on the business model of the microservice
comprises:

generating code of an extended component of the microservice based on the business model
of the microservice and according to the component extension policy.

12. The method according to claim 11, wherein the extended component comprises one or
more of an authentication component, a validation component, a probe component, and an
annotation configuration component.

13. The method according to any one of claims 1 to 12, wherein the method further comprises:

creating a database model, wherein the database model comprises a root table object and a
sharding object.

14. The method according to any one of claims 1 to 13, wherein the code of the microservice
comprises a plurality of layers of code, and the method further comprises:

generating a code directory of the microservice, wherein the code directory comprises a
plurality of subdirectories, and the plurality of subdirectories are in one-to-one correspondence
with the plurality of layers of code.

15. A code management system, wherein the system comprises:

an interaction module, configured to present a configuration interface to a user;

a communication module, configured to receive a business model that is of a microservice

and that is configured by the user via the configuration interface, wherein the business model
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comprises metadata of a plurality of business objects and metadata of a relation object that
identifies a relation between the plurality of business objects; and

a generation module, configured to generate code of the microservice based on the business
model of the microservice.

16. The system according to claim 15, wherein the generation module is specifically
configured to:

generate base module code and extension module code based on the business model of the
microservice, wherein the base module code is incapable of being modified by the user, the
extension module code is capable of being modified by the user, and the base module code is
separated from the extension module code.

17. The system according to claim 15 or 16, wherein the code of the microservice comprises
at least one of code at a controller layer, code at a business logic layer, code at a data aggregation
layer, code at a data persistence operation layer, and code at a database entity layer.

18. The system according to claim 17, wherein the generating code of the microservice based
on the business model of the microservice comprises:

generating the code at the data persistence operation layer of the microservice based on the
metadata of the business object or the metadata of the relation object, wherein the code at the data
persistence operation layer of the microservice comprises interface code and query resource code.

19. The system according to any one of claims 15 to 18, wherein the relation between the
plurality of business objects comprises one or more of a one-to-many relation, a many-to-many
relation, a recursion relation, or an aggregation relation.

20. The system according to claim 19, wherein the plurality of business objects comprise a
first business object and a second business object, a relation between the first business object and
the second business object is the aggregation relation, and the system further comprises:

an aggregation module, configured to aggregate the first business object and the second
business object to obtain a data transfer object; and

the generation module is specifically configured to:

generate the query resource code for the data transfer object.

21. The system according to claim 20, wherein the aggregation module is specifically
configured to:

aggregate the first business object and the second business object in a nested mode or a
Cartesian mode to obtain the data transfer object.

22. The system according to claim 18, 20, or 21, wherein the business model further
comprises metadata of an extended application programming interface API, and the generation
module is further configured to:
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generate code of the extended API based on the metadata of the extended API.

23. The system according to any one of claims 15 to 22, wherein the communication module
is further configured to:

receive a code generation policy configured by the user via the configuration interface; and

the generation module is specifically configured to:

generate the code of the microservice based on the business model of the microservice and
according to the code generation policy.

24. The system according to claim 23, wherein the code generation policy comprises creation
or inheritance.

25. The system according to any one of claims 15 to 22, wherein the communication module
is further configured to:

receive a component extension policy configured by the user via the configuration interface;
and

the generation module is specifically configured to:

generate code of an extended component of the microservice based on the business model of
the microservice and according to the component extension policy.

26. The system according to claim 25, wherein the extended component comprises one or
more of an authentication component, a validation component, a probe component, and an
annotation configuration component.

27. The system according to any one of claims 15 to 26, wherein the system further comprises:

a creation module, configured to create a database model, wherein the database model
comprises a root table object and a sharding object.

28. The system according to any one of claims 15 to 27, wherein the code of the microservice
comprises a plurality of layers of code, and the generation module is further configured to:

generate a code directory of the microservice, wherein the code directory comprises a
plurality of subdirectories, and the plurality of subdirectories are in one-to-one correspondence
with the plurality of layers of code.

29. A computing device cluster, wherein the computing device cluster comprises at least one
computing device, the at least one computing device comprises at least one processor and at least
one memory, the at least one memory stores computer-readable instructions, and the at least one
processor executes the computer-readable instructions, to enable the computing device cluster to
perform the method according to any one of claims 1 to 14.

30. A computer-readable storage medium, comprising computer-readable instructions,
wherein the computer-readable instructions are for implementing the method according to any one
of claims 1 to 14.
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31. A computer program product, comprising computer-readable instructions, wherein the
computer-readable instructions are for implementing the method according to any one of claims 1
to 14.
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