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车载软件系统开发新挑战

基于模型设计用于CI的流程

云端部署CI系统用于大规模系统

内容提要
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车载软件系统开发新挑战
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10s of KLOC10s of KLOC

~5 years / release~5 years / release

MathWorks AUTOMOTIVE CONFERENCE 2022

汽车代码量增长迅猛

2000200019801980 20202020 FutureFuture

100s of K100s of K

3 – 5 years3 – 5 years

100s of M100s of M

0.4 – 1 year0.4 – 1 year

>500M>500M

On-demandOn-demand
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数字化转型

Source: https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/when-code-is-king-mastering-automotive-software-excellence

软件复杂度的增长远超开发效率
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车载嵌入式系统开发面临更多挑战

Staffing SW developers

Safety and Cybersecurity
ISO 26262, ISO/SAE 21434

Faster delivery
Complexity and Size

C++, AUTOSAR
Low Productivity
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持续集成是 DevOps 的重要环节
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基于模型设计促进高效的 DevOps

§ DevOps 目标: 缩短提交代码到产品更新的
时间，并保证高质量、高安全和安全标准的
合规性 Lead Time     <1hour            >6months 

Change 
Failure 
Rate

High 
Performers

Low 
Performers

0-5%                   15-30%

Source: state-of-devops-2021.pdf (google.com)

Online Panel Discussion: Agile Vehicle Software Development and Effective Integration of Models

Link to technical article

https://services.google.com/fh/files/misc/state-of-devops-2021.pdf
https://www.mathworks.com/videos/online-panel-discussion-agile-vehicle-software-development-and-effective-integration-of-models-1634921326013.html
https://www.mathworks.com/company/newsletters/articles/developing-autosar-compliant-software-for-a-hybrid-vehicle-battery-management-system-with-model-based-design.html
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基于模型设计的持续集成工作流
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Team 
leader

Quality 
Engineer

Set Goals,
Track Quality

Track Progress

将基于模型设计融入 CI 系统

Less
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repository

Publish 
results
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review

Model 
Check-ins
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Review Issues

Source code 
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Merge
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CI Pipeline
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Code gen
Code Integration 

Checks

Trigger 
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Generate 
code and 
artifacts

CD Pipeline
artifacts generation
Software package

….

Developers 
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使用 MATLAB 和 Simulink 述说持续集成的故事
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基于模型设计的持续集成工作流
开发阶段

Submit
Developers &
Test Authors

Development

Dev
elo

p

TestMerg
e

Review

Verify

Continuous
Integration

Bu
ild

Test

Pac
ka

ge

Deploy

Version
Control

Monitor               Review

Tr
ig

ge
r

1 Development

Modelling Verification &Test Compare & Merge Gen Reports
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基于模型设计的持续集成工作流
推送
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Projects with SCM



15

MathWorks AUTOMOTIVE CONFERENCE 2022

基于模型设计的持续集成工作流
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2 Continuous
Integration Build Test Package Deploy

Test may include:
• Dynamic Test
• Static Checks
• Coverage…

  Pipelines   
1 Development
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基于模型设计的持续集成工作流
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Verification, Build and Test

Design 
Error 

Detection
Model

Advisor

Reports, Build Logs, Test Results, 
Code Coverage, Code Compliance, Runtime Errors

1 Development

2 Continuous
Integration
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基于模型设计的持续集成工作流
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MATLAB Jenkins Plugin

1 Development

2 Continuous
Integration

• 安装路径设置
• 过滤测试并运行
• 生成报告和其他产出物
• 提供pipeline接口
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基于模型设计的持续集成工作流
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MATLAB -batch

matlab -batch

1 Development

2 Continuous
Integration

Run any MATLAB 
scripts/functions using 
-batch
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基于模型设计的持续集成工作流
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Failure Summary:

     Name                                                                  Failed 
=================================================================================
     LaneFollowingTestScenarios > Scenarios/LFACC_Curve_CutInOut_TooClose    X
ERROR: MATLAB error Exit Status: 0x00000001
Build step 'Run MATLAB Tests' changed build result to FAILURE
Finished: FAILURE

Text Output

1 Development

2 Continuous
Integration

3 Results Monitor 
and Review
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基于模型设计的持续集成工作流
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Junit, TAP, Cobertura

1 Development
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基于模型设计的持续集成工作流
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Project UAV

Junit, TAP, Cobertura
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基于模型设计的持续集成工作流
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基于模型设计的持续集成工作流
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Simulink Test Results

1 Development

2 Continuous
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持续集成强化基于模型设计的流程

自动化和快速化 提高质量协同合作 节约成本 审查&认证就绪
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集成 Polyspace 到 CI 系统
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Code Prover
Fully Trusted Components:
• Reliable, Robust, Safe, Secure
• Proven free of critical runtime 

defects and vulnerabilities
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• Very few defects or vulnerabilities
• Credits for functional safety, 

cybersecurity standards.
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集成到 DevOps 中

 

 

Compilers
TASKING, GCC
GHS, DIAB, etc

Source Control

IDE, Editor

Bug Tracking

１

２

３ ４

CI/CD
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集成到 DevOps 中
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集成到 DevOps 中
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集成到 DevOps 中
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集成到 DevOps 中
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云端部署持续集成，用于大规模系统
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Azure Pipeline 的持续集成工作流
使用参考架构进行快速设置
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Azure Pipeline 的持续集成工作流
使用参考架构进行快速设置

Push 
MATLAB 

image

- Dockerfile
- YAML

Container 
Registry

IT / MATLAB Admins Azure Subnet

License Manager

Agent on VM

Agent on VM

Check out 
MATLAB
license

…Instantiate
MATLAB 
container
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Pipeline 的持续集成工作流
推送变更到云端触发MBD的云端构建
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架构图示例

Azure Subnet

License Manager

Agent on VM
Push 

MATLAB 
image

- Dockerfile
- YAML

- MATLAB Project
- YAML 

Container 
Registry

Agent on VM

Check out 
MATLAB
license

IT / MATLAB Admins

Engineering teams

…

HILPIL

Lab

Instantiate
MATLAB 
container

Run
jobs
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持续集成实践中的建议
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建立成熟的问题检测和处置流程

Maturity Description of static analysis
Level 0 No analysis performed
Level 1 Analysis once per release
Level 2 Analysis multiple times per release, critical issues added to backlog
Level 3 Fully automated & frequent analysis, all critical issues resolved
Level 4 New issues break the build, critical and high issues resolved, IDE-plugins are used

CI pipeline Process

Edit time checks Quality Dashboards MATLAB Project shortcuts

Pre-commit checks

https://www.scaledagileframework.com/accelerating
-flow-with-devsecops-and-the-software-factory/

https://www.scaledagileframework.com/accelerating-flow-with-devsecops-and-the-software-factory/
https://www.scaledagileframework.com/accelerating-flow-with-devsecops-and-the-software-factory/
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保持沟通联络 – 利用MathWorks的CI和DevOps专业知识

§ 提高自动化程度和CI成熟度
– 将MBD与CI系统、版本管理系统等其他系统集成
– 尽早检查错误，建立成熟的问题检测和处置流程

§ 改进系统架构，掌控复杂度
– 为测试自动化和功能安全和网络安全进行模块化

§ 解决性能瓶颈
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要点回顾

§ 将基于模型设计和Polyspace融入CI和DevOps 
应对软件开发转型的挑战

§ 在云上部署CI，以提高MBD的灵活性

§ 保持联络以强化CI流程和最佳实践

Throughput Stability

DORA metrics impact Lead Time For 
Change

Deployment 
Frequency

Change 
Failure Rate

Mean Time to 
Recovery

CI/CD pipelines x x x x
toolchain upgrades x x   x
system architecture   x x  

cache files on CI x x    
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持续集成实践中的建议感谢您的聆听！


