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Motivation: why more automation?

CEPC software development faces long-term and repetitive 
engineering challenges: 

 Complex software integration
 Key4hep-based software stack: Gaudi, EDM4hep, DD4hep, Geant4, ROOT, etc. 

 Algorithms may come from different sources: CEPC studies, legacy software, 
and standalone prototypes.

 Long-term evolution
 CEPCSW must support detector optimization, physics studies, and future 

experiment operation.

 Software interfaces, data models, and algorithms will continue to evolve.

 Repeated validation

 Each software change requires comparison plots, performance 
checks, and understanding of differences.

 Many validation tasks are still manual and time-consuming.

3Need: more automation for routine coding, testing, and validation workflows.



From AI Assistant to Agentic AI

 AI assistant
 Examples: ChatGPT, 

DeepSeek.

 Agentic AI
 Examples: Claude Code, Codex. 
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Example: claude code + DeepSeek v4 pro
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Example: claude code + DeepSeek v4 pro
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Example cost in this test:1.36M tokens, about 0.27 RMB after discount. 
using DeepSeek v4 Pro on the IHEP AI API platform.



Agentic AI workflows

 An agentic AI workflow is a process where 
an LLM-based app executes multiple steps 
to complete a task.
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Andrew Ng (吴恩达), 2024 

Note: slides from the course “Agentic AI”: 
https://learn.deeplearning.ai/courses/agentic-ai/information

https://learn.deeplearning.ai/courses/agentic-ai/information


Degrees of autonomy

 Agentic AI can be less or more autonomous
 Less: All steps and tools are predefined; autonomy is in text generation 

 Semi: Agent can make some decisions, choose tools; All tools predefined

 Highly: Agent makes many decisions autonomously
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Benefits of agentic AI

 Much better performance
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Benefits of agentic AI

 Faster than humans because of parallelization
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Benefits of agentic AI

 Modular: can add or update tools, swap out models
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Applications of agentic AI for CEPCSW

 AI agents do not replace expert judgment; they automate 
repetitive software steps under human supervision.

 For CEPCSW users: sample production and validation
 Generate configuration and steering files

 Produce small MC simulation samples

 Run standard validation workflows

 Generate plots, tables, and reports

 Reduce the barrier to using CEPCSW

 For algorithm developers: coding, debugging, and migration
 Search examples and understand CEPCSW conventions

 Generate code skeletons and configuration files

 Build, test, debug, and iterate

 Accelerate development and migration of algorithms

14AI prepares. Humans review. Tools validate.



Demo 1: CEPCSW Code Migration

 The Gaudi core API has changed. 
 GaudiAlg has been removed from recent Gaudi versions. 

 For compatibility, a legacy Algorithm interface is still available. 
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Gaudi/Algorithm.h (modern interface)

GaudiKernel/Algorithm.h (legacy compatibility interface)



Demo 1: CEPCSW Code Migration

 Agentic AI can help perform repetitive migration tasks across the CEPCSW 
codebase
 https://code.ihep.ac.cn/cepc/CEPCSW/-/merge_requests/284
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Agentic workflow
1. Identify affected packages

• Find packages depending on 
GaudiAlg.

2. Modify packages one by one
1. Remove GaudiAlgLib from 

CMakeLists.
2. Update the algorithm base class. 
3. Fix related include files and 

namespaces
3. Build and debug iteratively

112 files modified. 225 lines changed.
This demonstrates an important capability: the agent can search the codebase, 
apply systematic changes, build the software, and iterate over errors.

https://code.ihep.ac.cn/cepc/CEPCSW/-/merge_requests/284


Demo 2: Validation Tool Development

 Validation workflow 
 It includes simulation, digitization, reconstruction, physics performance 

analysis, and result comparison.

 Manual validation is often time-consuming, hard to reproduce, difficult to 
trace, and too slow for frequent software updates.

 Agentic AI assisted validation prototype.
 Generate workflow scripts

 Run selected CEPCSW steps

 Produce comparison plots & reports
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W.D. Li, CEPC workshop Lisbon



Risks and Guardrails

Risks Guardrails
Wrong APIs or incorrect logic. code review + compile tests + CEPCSW 

reference examples

Code compiles but change physics 
behavior.

Validation plots + benchmark samples +  
expert physics review

Non-reproducible results Fixed releases + fixed samples + recorded 
commands and configurations

Too many files changes or overwrite Sandbox branch + approval before commit, 
push, or merge request

Exposure of private code/data/documents Approved platforms + restricted access

Unsafe or expensive commands Predefined tools + limited 
shell/storage/batch access

18Expert review and validation remain mandatory.



Summary & Plan

 Summary
 CEPC software will require extensive validation, migration, and long-term 

maintenance.

 Agentic AI can automate repetitive software loops: search, code, build, test, 
debug, and report.

 The practical path is supervised: AI prepares, humans review, tools validate.

 Near-term Plan
 Train more users to use agentic AI tools effectively. 

 Explore agentic AI in CEPCSW development workflows.

 Use agents to support migration to newer software stacks.

 Deploy and improve the validation tool prototype. 

19


	Exploring Agentic AI for CEPC Software Development and Validation��Toward AI-assisted validation, code migration, and software workflows
	Outline
	Motivation: why more automation?
	From AI Assistant to Agentic AI
	Example: claude code + DeepSeek v4 pro
	Example: claude code + DeepSeek v4 pro
	幻灯片编号 7
	幻灯片编号 8
	Agentic AI workflows
	Degrees of autonomy
	Benefits of agentic AI
	Benefits of agentic AI
	Benefits of agentic AI
	Applications of agentic AI for CEPCSW
	Demo 1: CEPCSW Code Migration
	Demo 1: CEPCSW Code Migration
	Demo 2: Validation Tool Development
	Risks and Guardrails
	Summary & Plan

