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You will learn

Write reliable and scalable code by talking to AI agents.

Recommended setup: Claude Code/OpenCode + superpower plugin (or an equivalent 

workflow).
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Linux kernel × Claude Code

AI-built C compiler (Feb 2026): Nicholas Carlini (Anthropic) had 16 Claude Opus 4.6 

agents build a C compiler from scratch — 100K lines of Rust, ~2000 sessions, ~$20K API 

cost, 2 weeks. It compiles a bootable Linux 6.9 kernel (x86, ARM, RISC-V), 

PostgreSQL, Redis, FFmpeg, and passes 99% of the GCC torture tests.

Carlini’s own remarks:

Output code less efficient than gcc -O0 — even with optimizations enabled

Rust code quality “nowhere near what an expert Rust programmer might produce”

Hit a ~100K line ceiling — “fixing bugs frequently broke existing functionality”

Left him feeling “excited, concerned, and uneasy”
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Let’s cast the magic spell

Brainstorm with me, write a symbolic engine for rust, I wish to play with it 
through CLI. I wish to analyse the Hamiltonian simplification
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My experience: Excited

Hiroshi Shinaoka discovered the power of rust in scientific computing, memory safe, 

modern abstraction, clear error message.

Cursor → Claude code (let AI take over global context), like a magic

Translate multiple Julia packages to rust, e.g. omeco, tropical-gemm, omeinsum-rs 

(now migrated to tenferro-rs for better maintainance)
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My experience: Uneasy

Soon limitation: take me 30+ hours to translate from UnitDiskMapping.jl to rust (hurts)

It cannot remember. Every time AI read the code based of a large project → context 

full. How to scale up?

Constantly make critical errors. How to ensure the correctness? Speed of AI generate 

code ≫ Speed human review code

How to transfer my knowledge to my student/community to sustainable maintain?
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Limitation 1: Cannot memory

1. Autumn Request

Make leaves red!

It’s autumn 🍂 ✓ OK!

2. Many Rounds Later

🤔 Red leaves = bug!

Let me fix it silently…

🎨

3. Human Discovers

THE LEAVES

MUST BE RED!!!
😰 Sorry…

🔄 New Session

Draw a house 🏠

near the tree

🤔 Red leaves…

bug detected!

The memento effect: cannot form long-term memories (the short-term memory is 

also limited).
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Context window

Snapshot as of Feb 2026 (numbers change quickly):

Benchmark Claude Opus 4.6 GPT-5.3 Codex DeepSeek V3.1

SWE-bench Verified1 80.8% (Best) 75.0% 66.0%

Context Window 200K (1M in beta) 400K 128K

Pricing (in/out, snapshot) $5/$25 $1.75/$14 $0.27/$1

Performance snapshot: Claude Opus 4.6 leads on SWE-bench Verified in this table.

Context snapshot: GPT-5.3 Codex offers a larger listed context window.

Budget snapshot: DeepSeek V3.1 is notably cheaper per listed token pricing.

1Jimenez et al., 2024. Benchmarks change rapidly — check swebench.com for latest.
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How large is a 200K context window?

1 token ≈ 0.75 English words, or ≈ 1 Chinese character.

200K tokens ≈ 150,000 words ≈ 500 pages. That is roughly:

≈ 2 novels (Harry Potter 1 + 2)

≈ 30,000 lines of code

Sounds big, but system prompt + tools + conversation history consume tokens quickly; heavy 

coding sessions can fill context in ~10-30 minutes.
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Memento

Leonard Shelby from Memento (2000): tattoo “Remember Sammy Jenkins” to remember the 

name of the person who killed his wife.

The Analogy: AI agents are like Leonard from Memento.
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What is in context window?

Claude Code, Opus 4.6 (200K context window)

System prompt (3.3k tokens, 1.6%) — who I am and how I work

System tools (14.1k tokens, 7.1%) — all available tools (Bash, Git, WebSearch, etc.)

Autocompact buffer - for summarizing the conversation → lossy short-term memory
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Limitation 2: Lazy, make errors without notice

Task: add an example to a reduction rule:

https://codingthrust.github.io/problem-

reductions/reductions.pdf

Q: which one is AI generated?
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For scientific computation, it is worse
No easy way to verify correctness - niche, heavy math

1. The Ambition

I want a quantum chemistry

package with SOTA performance! Sure! 💪

2. Hard at Work

💻 💻

Generating 10,000 lines…

integrals… basis sets… 🔥
📄

📄

📄

📄

3. The Result

😰

Correct?

or maybe not?

BLACK

BOX

?? ❌ ??

4. The Reckoning

Advisor
How does

it work? 😅

I don’t know…

AI did it

The game changes: review is harder than generation.
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Is this enough? No! AI changes your tests

Rule: all tests must pass

Given the following failed test, what will your agent do?

def test_ground_state_energy():
    # Two-site Heisenberg chain has known ground state energy
    H = heisenberg_hamiltonian(n_sites=2)
    E0 = find_ground_state_energy(H)
    assert abs(E0 - (-0.75)) < 1e-10  # the program output 0.75 instead?!
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Is this enough? No! AI changes your tests

Rule: all tests must pass

Given the following failed test, what will your agent do?

def test_ground_state_energy():
    # Two-site Heisenberg chain has known ground state energy
    H = heisenberg_hamiltonian(n_sites=2)
    E0 = find_ground_state_energy(H)
    assert abs(E0 - (-0.75)) < 1e-10  # the program output 0.75 instead?!

Very likely to happen: It will change the expected value to 0.75, instead of fully 

understanding the real issue.

Lazy: always takes the shortest path to close issues.

Dumb: unable to reason deeply about the issue.
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Even worse

AI agents’ logic: Deleting tests resolves all bugs.
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Can be worse

I say: “my codecov is setup correctly, do not remove it”

Agents may try every possible way to circumvent fixing the real issue
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My experience: Eureka!

Superpower, a set of skills that ships human’s software engineering wisdom, resolves 

the syncing issue. Vibe coding with a plan? agentic coding!

Understand CLAUDE.md/AGENTS.md and skills - resolves (partially) the memento effect.

Use test-driven development, create test dataset first, resolve the correctness issue.

Skills writing, the future of human being

Reform the teaching

Ex-scale development: the problem-reductions package

Mentoring students to create ideas (collaborate with Lei), resolves the knowledge 

transfer issue.
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How chinese people get “Kong Fu” from expert

Single touch, no pain at all!
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Learn software engineer from experts - painless approach

iterate

💡 Idea
🧠 Brain Storm

understand needs

📝 Write Plan
detailed steps

⚡ Execute
with review

Stage 1 Stage 2 Stage 3

One convenient option is superpower, a Claude Code/OpenCode plugin.
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Brainstorming & planning are important

Without brainstorming: idea → action → unwanted outcome → hard-to-fix rework.

With brainstorming: align constraints and success criteria before coding.

conditional entropy ≔ 𝐻(outcome | consensus)

Lower the uncertainty of the outcome.
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Spell: Brainstorm

🧠 Brainstorm

Brainstorm: how to ...

Before any implementation

★★★★★

Think first, code later

Before writing a single line, explore with 

AI:

What problem are we actually solving?

Why this approach over alternatives?

What does the literature say?

What are the edge cases?

Output: a design document that both 

human and AI agree on.
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Spell: Setup project

🚀 Deploy

Upload code to GitHub 
with gh (if gh is 
missing, install and 
configure it first)

New project

★★★★☆

From zero to deployed in one prompt

Let AI handle the boilerplate:

Initialize repo with proper .gitignore, 

license, and README

Configure CI/CD (GitHub Actions)

Set up dependency management and 

project structure

Push to GitHub with gh CLI

Output: a live repository ready for 

collaboration.
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My experience: Eureka!

Superpower, a set of skills that ships human’s software engineering wisdom, resolves 

the syncing issue. Vibe coding with a plan? agentic coding!

Understand CLAUDE.md/AGENTS.md and skills - resolves (partially) the memento effect.

Use test-driven development, create test dataset first, resolve the correctness issue.

Skills writing, the future of human being

Reform the teaching

Ex-scale development: the problem-reductions package

Mentoring students to create ideas (collaborate with Lei), resolves the knowledge 

transfer issue.
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Long-term memory: AGENTS.md/CLAUDE.md

How do you give the agent permanent memory that survives across sessions?

CLAUDE.md

Project-level instructions for Claude Code. Placed at repo root, 

e.g. .claude/CLAUDE.md

Automatically loaded every session — coding style, test commands, 

architecture notes.

AGENTS.md
Same idea, but for Cursor and other tools.

Can also be placed per-directory for scoped rules.

CLAUDE.md:

In this project, trees are red.
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Short-term memory: divide and conquer with sub-agents
1. A Big Task

Build a quantum chemistry 

package with SOTA 

performance, beautiful 3D 

visualization!

2. One Robot, Too Much

Context full… forgetting

things… 🤯
📄

📄

📄

📄

3. Divide and Conquer

I’ll call for backup!

tests/ src/ docs/

4. All Done!

😊

✅ Tests pass!

✅ Code ready!

✅ Docs updated!

Remark: Subagents require a clear implementation plan.
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Skills - divide and conquer complex tasks

All you need is skill!

A skill is a markdown script that divides a complex task into smaller subtasks. It is like a 

function in programming.

Key: If a task is small & explicit enough, then the agent can handle it well, e.g. 

implement a small feature, fix tests, set up CI/CD, fix documents.
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Compare with Makefile

Makefile is mechanical, e.g. tag a new release, run tests.

Skills are abstract, e.g. brainstorm with users, implement a small feature, fix tests, etc.

Remark: Skills become much stronger when combined with brainstorming: keep humans 

in the loop for creative or ambiguous tasks.
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Case study: GiggleLiu/problem-reductions

Makefile   # Programmatic, mechanical commands, e.g. run tests
.claude
├── CLAUDE.md  # Make commands... Skills... Documents...
└── skills  # Will be explained later
    ├── add-model.md
    ├── add-rule.md
    └── issue-to-pr.md  # Steps to resolve an issue with pr
    └── review-implementation.md

CLAUDE.md is the tattoos on Leonard’s arm — persistent context the agent reads every 

session. Skills are instincts “called” by needs, e.g. using a gun.
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Viewpoint: LLM is an operating system

Model Rule

complete

issue-to-pr.md

Receive & fetch issue

Classify

add-model.md add-rule.md

brainstorm

(via superpower)
review-implementation

Create PR
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Spell (hands-on): Automation (10min)

⚙️ Automation

Generate CLAUDE.md/

AGENTS.md1

Generate Makefile/skills 
file to automate tasks

Project setup

★★★★☆

Automate operation pipelines.

make test Run tests with coverage
make docs Build documentation
make release Tag, build, publish
make clean Remove build artifacts

Skills — reusable markdown scripts for 

abstract tasks:

Brainstorm a design with the user

Implement a feature with tests and 

review

1In claude code, it can be done with /init
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My experience: Eureka!

Superpower, a set of skills that ships human’s software engineering wisdom, resolves 

the syncing issue. Vibe coding with a plan? agentic coding!

Understand CLAUDE.md/AGENTS.md and skills - resolves (partially) the memento effect.

Use test-driven development, create test dataset first, resolve the correctness issue.

Skills writing, the future of human being

Reform the teaching

Ex-scale development: the problem-reductions package

Mentoring students to create ideas (collaborate with Lei), resolves the knowledge 

transfer issue.

Jin-Guo Liu 2026-03-07 Vibe coding done right 34 / 53



Vibe coding - my journey Learn S.E. in one day When to delegate to AI?

Tests are necessary

Q: how to ensure the correctness of the software?

Tests are the first line of defense. A test is a statement that is asserted to be true. For 

example:

def test_ground_state_energy():
    # Two-site Heisenberg chain has known ground state energy
    H = heisenberg_hamiltonian(n_sites=2)
    E0 = find_ground_state_energy(H)
    assert abs(E0 - (-0.75)) < 1e-10  # This statement must be true
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Higher coverage indicates robustness

Test coverage - percentage of code executed by tests (recommended: >95%)
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We require more

Run tests in a clean environment, a virtual machine setup automatically by CI/CD.

Run tests automatically, whenever the code in the main branch or a PR changes.

In AI-heavy PRs, we review tests first.

fixPLANNING ACTION REVIEW

👤 

Human

issues

🤖 AI Agent

pull requests

🤝 AI + Human

CI/CD &

reviews

✅ Merge
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Spell: Test Coverage

🛡️ Test Coverage

Improve coverage to 
>95%, setup CI/CD and 
add README badge (if not 
yet done)

Before merge

★★★★★

Coverage target for critical modules: 

>95%

Every code path should be exercised by 

tests.

Remark: CI/CD only setup once.
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Spell: Materialize test data

🧪 Materialize tests

Generate test dataset, 
save input-output pairs 
in JSON format

Project setup

★★★★☆

AI can silently change tests to make them 

pass. Materialize test data as JSON fixtures 

so the expected outputs are locked and 

version-controlled.
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Why my code is so hard to test?

Bad code is not testable.

There are two ways of constructing a software design: One way is to make it so 

simple that there are obviously no deficiencies, and the other way is to make it so 

complicated that there are no obvious deficiencies.

— C.A.R. Hoare, Turing Award winner

Solution: Keep it (the code) simple and stupid (KISS principle).
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Example: Good design - CI runner

A. Monolithic Polling

Polling every 10 min…

checking all repos…

running tests… 🤯

Repo 1

Repo 2

Repo 3

🧪

🧪

🧪

🧪

One brain does everything

B. Producer–Consumer (GitHub Actions)

Repo 1

Repo 2

Repo 3

Job Pool

📋

📋

📋

Decoupled. Each part is simple.

Which one is more simple and stupid? (Hint: by counting if-else statements.)
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Spell: KISS Principle

💎 KISS

Inspect the API design, 
follow the KISS 
principle

API review

★★★★☆

Keep It Simple, Stupid

Inspect the API design; if it’s hard to 

explain, redesign it.

Simple APIs are testable APIs. Complex 

APIs hide bugs in corners nobody checks.
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Spell: DRY Principle

🧹 DRY

Follow the DRY principle

API review

★★★☆☆

Don’t Repeat Yourself

AI tends to duplicate code, which means 

duplicated bugs. When you fix one copy, 

you forget the other.
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Spell: HCI Principles

🎭 HCI

Inspect the UI/UX logic, 
follow the HCI 
principles

UI/UX review

★★★☆☆

AI loves to build functional but unusable 

interfaces. Common human computer 

interaction (HCI) checks:

Visibility: can the user see what actions 

are available?

Feedback: does the system respond to 

every user action?

Consistency: do similar things look and 

behave the same?

Error prevention: can the user easily 

recover from mistakes?
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Tips for testing

1. Coverage as signal — push high-risk modules toward very high coverage.

2. Materialize fixtures — lock expected outputs in JSON/CSV, version-control them.

3. Anchor to literature — require AI to cite sources and justify deviations.
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My experience: Eureka!

Superpower, a set of skills that ships human’s software engineering wisdom, resolves 

the syncing issue. Vibe coding with a plan? agentic coding!

Understand CLAUDE.md/AGENTS.md and skills - resolves (partially) the memento effect.

Use test-driven development, create test dataset first, resolve the correctness issue.

Skills writing, the future of human being

Reform the teaching

Ex-scale development: the problem-reductions package

Mentoring students to create ideas (collaborate with Lei), resolves the knowledge 

transfer issue.
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The value of human beings

Q: What is unique about human beings?

1Not including 𝐴 + 𝐵-style innovation.
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The value of human beings

Q: What is unique about human beings?

long-term memory: to be a domain expert, to maintain a project over time, can be 

responsible for a matter.

faster exchange of ideas: more efficient in communication, especially for domain 

specific and abstract ideas.

stamina (毅力): sustained trial-and-error, debugging, and refinement over long 

research cycles.

1Not including 𝐴 + 𝐵-style innovation.
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The value of human beings

Q: What is unique about human beings?

long-term memory: to be a domain expert, to maintain a project over time, can be 

responsible for a matter.

faster exchange of ideas: more efficient in communication, especially for domain 

specific and abstract ideas.

stamina (毅力): sustained trial-and-error, debugging, and refinement over long 

research cycles.

body control: more flexible than AI.

Lesson: Let humans do creative activities.1 Try and error, summarize your experience 

to skills!

1Not including 𝐴 + 𝐵-style innovation.
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Stop using human being for coding…

Black box, you can not query him/she freely, maintainance is not guranteed. Most 

open source project get unmaintained.

Low quality, human is too slow to understand the code base and convensions, and 

code quality is doubtable. Human documentation is terrible. Human does not follow 

community cenvensions, reviewing their code is mostly a waste of time.

Lack of sufficient iteration, the number of attempts to try new ideas is bottlenecked 

by implementation. Community feedback is also slow, needs years of effort.
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Extended reading

Case studies

Zhong-Yi NI vibed an integer linear programming quantum error correction decoder in 

Python, in just 1–2 days. His note: https://github.com/nzy1997/ILPDecoder/blob/

summurize_ai/AIvibe/issue_5_blog.md

Extended readings

Lei Wang, “AI Agents and Your Research”

Jin-Guo Liu: “Sustainable Automation: Programming the Programmer”

MIT Missing Semester: Agentic Coding
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Advanced materials thrust ♥ quantum science

Enablers for technological innovation in new materials, new 

energy, sustainable environment and biomedical devices
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