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Logistics – Week 6

• Assignment 2
• https://github.com/machine-programming/assignment-2
• Due this Sunday (Oct 5th)
• Expected to take quite some time, so please start working on it early

• Oral presentation sign up sheet
• Sending out today
• Oral presentation starting on Week 8

https://github.com/machine-programming/assignment-2


The Course So Far
Behavioral Specification
- What should the program do?

Structural Specification
- What is the space of the programs?

Synthesis Strategy
- How do we find such a program?

1. Examples
2. Types
3. Functional Specifications
4. Natural Language

General Purpose Programming Language
Python / Java / C / Rust / …

Enumeration
Language Models
- Prompting
- Iterative refinement Domain Specific Languages



Today
Behavioral Specification
- What should the program do?

Structural Specification
- What is the space of the programs?Synthesis Strategy

- How do we find such a program?

1. Examples
2. Types
3. Functional Specifications
4. Natural Language

General Purpose Programming Language
Python / Java / C / Rust / …Agentic Frameworks

- Tools, MCP Servers, Language Servers
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Functional 
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General Software Development



Agentic Framework

Environment

User

Agent

LM

Tool



Model Context Protocol (MCP)

Environment

User

Agent

LM

Tool

MCP 
Client

MCP 
Server Tool

Tool

Tool and Environment SideUser and LLM Side
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Agentic Framework for Software Development

1. Planning 2. Analysis 3. Design 4. Coding 5. Testing 6. Deploying

a. Planner & TODO manager
b. Sequential Thinking



Agentic Framework for Software Development

1. Planning 2. Analysis 3. Design 4. Coding 5. Testing 6. Deploying

a. Code search / navigation
b. Edit location prediction



Agentic Framework for Software Development

1. Planning 2. Analysis 3. Design 4. Coding 5. Testing 6. Deploying

a. Specification drafting
b. Implementation planning



Agentic Framework for Software Development

1. Planning 2. Analysis 3. Design 4. Coding 5. Testing 6. Deploying

a. File systems
b. Language servers (e.g., for 

Python, Rust, OCaml, …)
c. Documentation indexed by 

RAG databases



Agentic Framework for Software Development

1. Planning 2. Analysis 3. Design 4. Coding 5. Testing 6. Deploying

a. Managing testing environments
b. Unit testing, regression testing
c. UI testing, accessibility testing
d. Vulnerability detection



Agentic Framework for Software Development

1. Planning 2. Analysis 3. Design 4. Coding 5. Testing 6. Deploying

a. Builds and releases
b. CI/CD (Continuous integration & 

continuous deployment)
c. Runtime monitoring



Tools Related to Software Development

• Sequential thinking
• Planning, deliberate thinking

• File systems (FS)
• Creating, removing, editing programs
• Drafting test cases and setting up testing environment

• Retrieval augmented generation (RAG) databases
• Context management
• Documentations, examples, code snippets



Sequential Thinking Tool

• Externalized Chain-of-thought
• The Sequential Thinking tool is designed for:
• Breaking down complex problems into steps
• Planning and design with room for revision
• Analysis that might need course correction
• Problems where the full scope might not be clear initially
• Tasks that need to maintain context over multiple steps
• Situations where irrelevant information needs to be filtered out

https://github.com/modelcontextprotocol/servers/blob/main/src/sequentialthinking 

https://github.com/modelcontextprotocol/servers/blob/main/src/sequentialthinking




Sequential Thinking Tool
• thought (string) 

• the current step you want to record

• nextThoughtNeeded (boolean) 
• whether you intend to add another step

• thoughtNumber (int ≥1) 
• index of this step

• totalThoughts (int ≥1) 
• your current plan for how many steps you’ll need

Environment

User

Agent

LM

Tool
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The user wants to write a function in 
OCaml. Here are the available tools:
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  “args”: {“thought”: “I need to 
     look at OCaml documentations”}
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(call the tool)
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• thought (string) 
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{“tool_name”: “sequentialthinking”, 
  “args”: {“thought”: “When the 
    test failed, I need to revise 
    the implementation”,
   “branchFromThought”: 7, 
   ”branchID”: “failure”}

7
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ReACT: Synergizing Reasoning and Acting in Language Models, Yao et. al., ICLR 2023
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File System (FS) for Code Implementation

• Create, read, write, or edit files
• Managing project folder structures
• Put implementation in relevant files, write test cases, etc.

• Search for files
• Good when we do not know what exact files to work on
• Often substituted by command line tools such as “grep”
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Environment
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Agent
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Tool
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- .gitignore
- src/
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• Create, read, write, or edit files
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User
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Tool

/my_project
- readme.md
- .gitignore
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Write me a Python function parity : …
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Here are the available file operations:
[…, {“name”: “filesystem.writeFile”},

{“name”: “filesystem.editFile”}]

2



{ "name": "filesystem.writeFile",
  "arguments": {
    "path": ”src/parity.py",
    "content": "def parity(x):
                  return x % 2 == 0"
  } }
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File System (FS) for Code Implementation

• Create, read, write, or edit files

Environment

User

Agent

LM

Tool

/my_project
- readme.md
- .gitignore
- src/

- parity.py

Here are the available file operations:
[…, {“name”: “filesystem.writeFile”},

{“name”: “filesystem.editFile”}]

2

{ "name": "filesystem.writeFile",
  "arguments": {
    "path": ”src/parity.py",
    "content": "def parity(x):
                  return x % 2 == 0"
  } }

3

(call the tool)
4

(writes to the file)
5 (new file is created)

6
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File System (FS) for Code Implementation

• Create, read, write, or edit files

Environment

User

Agent

LM

Tool

/my_project
- readme.md
- .gitignore
- src/

- parity.py

Write me a Python function parity : …
1

Here are the available file operations:
[…, {“name”: “filesystem.writeFile”},

{“name”: “filesystem.editFile”}]

2

{ "name": "filesystem.writeFile",
  "arguments": {
    "path": ”src/parity.py",
    "content": "def parity(x):
                  return x % 2 == 0"
  } }

3

(call the tool)
4

(writes to the file)
5 (new file is created)

6

{“success”: true}
7
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File System (FS) for Code Implementation

• Edit file: how do we specify the “edit” action?
• Choice 1: Rewrite the entire file

• Will waste a lot of tokens during iterative refinement
• Edit: new file content S

• Choice 2: Rewrite given lines by line numbers
• Need to also display “line numbers” when reading the file
• Edit: change lines X to Y by the string S

• Choice 3: Replace a string with another string
• Is a bit fragile; the pattern string must be chosen carefully:

• If it’s too generic, the tool may unintentionally modify multiple occurrences.
• If there is no exact match, nothing can be edited.

• Edit: replace string X with string Y
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SWE-agent: Agent-Computer Interfaces Enable Automated Software Engineering, Yang et. al., NeurIPS 2024
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Retrieval Augmented Generation (RAG)

• Intuition:
• We do not solely rely on Language Model’s internal knowledge
• We assume that there is an external database of knowledge

• Each piece of knowledge is called a “document”
• Given a task, we retrieve some documents from this database
• Based on the documents, we ask LM to continue generating the answers

The Survey of Retrieval-Augmented Text Generation in Large Language Models, Huang et. al., 2024



Retrieval Augmented Generation (RAG)

Retrieval-Augmented Generation for Knowledge-Intensive NLP Tasks, Lewis et. al., NeurIPS 2020
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The Survey of Retrieval-Augmented Text Generation in Large Language Models, Huang et. al., 2024



Retrieval Augmented Generation for Code

• Vector database as environment:
• Each document 𝑧 in the database is 

associated with an embedding 𝑑(𝑧)
• Querying: embedding-based similarity search

• Assume query 𝑥, query embedding is 𝑞(𝑥)
• Similarity score is cosine similarity 

between 𝑞(𝑥) and 𝑑(𝑧):

• We can add, update, or remove documents 
using document metadata

Environment

User

Agent

LM

Tool

sim 𝑥, 𝑧 =
𝑞 𝑥 ⋅ 𝑑(𝑧)
𝑞(𝑥) ⋅ 𝑑(𝑧)
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Dafny database
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Sample programs
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Here are the available tools: 
[…, {“name”: “chroma.query”}, …]
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  "query": "Dafny function vs method, ensures, 
returns syntax examples", 
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Here are the retrieved documents: [[
  "Functions are pure: 'function 
Max(a:int,b:int):int ensures ...' Example: function 
Abs(x:int):int ensures result>=0",
  "Methods: 'method M(...) returns (...)' use 
ensures on methods; assertions with 'assert'",
  "Spec grammar for ensures/returns; using 'result' 
in postconditions"
]],
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function Max(a:int, b:int): int
  ensures result >= a && result >= b && 
          (result == a || result == b) {
  if a >= b then a else b
}

8
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Note: chunking size is the maximum number of tokens per document;
A larger document (e.g., StackOverflow post) will be chunked into 
multiple smaller documents of chunking size

CodeRAG-Bench: Can Retrieval Augment Code Generation? Wang et. al., NAACL 2025 Findings

https://aclanthology.org/2025.findings-naacl.176.pdf
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Combating Context Rot with RAG

• … after multiple turns with rotting context
• Caused by excessive compiler feedback, code 

edits, un-informative testing results, etc.

• Agentic framework:
• Summarizes the current context…
• Saves the summarization into a file…
• Stores the file into RAG database…
• Clears the context…
• Tells LLM “in case you want to know the history, 

please query the RAG database”…
• Continuing the implementation…



Software Development Life Cycle (SDLC)

1. Planning 2. Analysis 3. Design 4. Coding 5. Testing 6. Deploying



Agentic topics we have not covered (yet!)

• Terminal as tool
• Compiler and interpreter feedback as tool
• Security of agentic frameworks
• Sandboxing



High Level Picture

Space of all 
the strings

Desired Program

Space of all syntactically 
correct programs

Space of all type checked 
programs

Space of all 
programs that can 

satisfy all examples

Functional 
Specification

General Software Development



Logistics – Week 6

• Assignment 2: Evaluating Coding LLMs
• https://github.com/machine-programming/assignment-2 
• Due this Sunday (Oct 5th)
• Expected to take quite some time, so please start working on it early

• Oral presentation sign up sheet
• Sending out today
• Oral presentation starting on Week 8

https://github.com/machine-programming/assignment-2

