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What AutoAC: Agentic Self-Refinement

for Competitive Programming

LLM Agent-Computer Interface grounded in CP strategy
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Why

Competitive Programming (CP) problems are: Deliverables
Challenging: AutoAC, a framework that supports:
» Often require advanced computational )

thinking & problem-solving skills. Prompting LLMs for CP tasks.
Objectively Gradable: Automatically evaluating LLM code.
« Solutions can be quantitatively & )

automatically evaluated (hidden testcases) LLM-interpreter interface to self-debusg.

bd

Compositional: Multi-agent cooperation for stress testing

» Large Language Models (LLMs) struggle
with simple composite tasks*
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How

AutoAC

Problem Input )

LM Agent
Solution

Testcases

St

Constraints

J

Phase two:

What happens when we add complex,

agentic behavior?

+ Automated retry attempts

» Automated self-testing of solutions
o with self-debugging

v
Jud .
Testr:nr?eer Q Phase One.
+ Pass Count
Test Results Measuring baselines.
V.V V) 0.4 How does a single prompt perform?

Likely Incorrect

1
Generator| ;[ Checker Judge
Likely Correct AC / Accepted
Problem Input LM Agent ’—> o (Correct Answer)

Constraints
LM Agent

Statement

Approach Solultion

LM Agent

Wrong Answer / TLE (Time Limit Exceeded)

Examples

LM Agent




Metrics

Normalized Testcase

Solve Rate (SR) Pass Rate (NTPR):
AC — Problem Accepted (all tests passed) Partial ;, — per-problem proportion of
N, — Total number solved passed testcases.
SR - Percent of problems solved NTPR — Average proportion of
testcases passed
DI P
Nac ZIL (AC)) - |
=l Z Partial ()
N —
SR + 100 - —2¢ NTPR « 100 - =

| D |D|



Results Raw Data (NTPR)

Large Language Model Normalized Testcase Pass Rate (%)
A B C D E F G H

Qwen2.5-0.5B-Instruct  2.01 1.62 1.64 087 509 394 585 6.86

Llama-3.2-1B-Instruct 385 748 765 797 6.77 720 7.69  9.68
Qwen2.5-1.5B-Instruct 448 561 408 637 949 547 10.86 10.05
Llama-3.2-3B-Instruct 998 11.35 13.52 13.32 1323 1336 16.39 18.21
Qwen2.5-3B-Instruct  14.70 12.88 12.65 17.15 17.56 14.32 16.93 17.77
Qwen2.5-7B-Instruct  23.11 25.04 2456 25.85 2897 2385 2649 28.29
CodeLlama-7b-Instruct-hf 12.05 1292 690 7.82 12.67 7.64 10.72 12.94
Llama-3.1-8B-Instruct 20.19 17.83 16.78 17.26 20.12 14.82 19.64 20.67
CodeLlama-13b-Instruct-hf  15.55 16.64 1487 11.31 1298 10.55 17.68 17.36
Qwen2.5-14B-Instruct  28.80 26.06 28.48 34.50 29.30 29.57 28.81 32.60




Results Raw Data (SR)

Large Language Model Problem Solve Rate (%)
A B C D E F G H

Qwen2.5-0.5B-Instruct  0.33 0.00 0.33 0.00 033 0.33 1.00 0.33
Llama-3.2-1B-Instruct ~ 0.00 0.66 0.66 1.00 0.00 1.00 1.00 0.33
Qwen2.5-1.5B-Instruct ~ 0.66 1.33 1.00 1.00 1.33 0.66 1.33 1.66
Llama-3.2-3B-Instruct ~ 2.66 2.66 3.66 8:33 2.66 1.66 3.66 4.33
Qwen2.5-3B-Instruct ~ 6.00 3.66 3.00 133 5.66 4.66 5.00 4.66
Qwen2.5-7B-Instruct  9.66  10.66 10.00 12.00 13.66 933 1233 12.66
CodeLlama-7b-Instruct-hf  0.66 1.00 0.33 1.66 1.33 0.66 1.00 1.00
Llama-3.1-8B-Instruct ~ 7.00 4.66 4.66 6.00 6.00 3.9 233 5.66
CodeLlama-13b-Instruct-hf  1.33 2.00 2.00 1.00 1.33 1.00 3.00 255
Qwen2.5-14B-Instruct  15.66  13.00 13.33 18.66 1433 1433 1633 16.33




Trends Baseline vs. Best

Model Name NTPR  NTPR A SR SR

A

f

Q2.5-0.5B-1 2.01% 6.86% (+4.85%) 0.33% 1.00% (+0.67%)
Q2.5-1.5B-1 4.48% 10.86% (+6.38%) 1.33% 1.66% (+0.33%)
Q2.5-3B-1 14.70% 17.77% (+3.07%) 3.66% 7.33% (+3.67%)
Q2.5-7B-1 23.11% 28.97% (+5.86%) 10.66% 13.66% (+3.00%)

Q2.5-14B-1 28.80% 34.50% (+5.70%) 13.0% 18.66% (+5.66%)

Table 1: ANTPR & SR of baselines (i) vs most performant prompting approach (f).



Trends Stress Testing

Likely Incorrect

1
Generator Checker Judge
> ‘ % B Likely Correct AC / Accepted
LM Agent L ‘ / H ‘ & = j ‘ (Correct Answer)

Problem Input

Constraints
Statement LM Agent

Examples

Solution

LM Agent

Model Name NTPR,

Q2.5-3B-1 17.77% 20.01% (+2.24%) 7.33% 8.93% (+1.60%)

Q2.5-14B-1 34.50% 37.84% (+3.34%) 18.66% 19.57% (+0.91%)

Table 2: NTPR & SR of most performant stress (S) vs non-stress (NS) approach.



Roadmap

TODOs Future Work
 Debug AutoAC stress tests.  Expand eval datasets
* Analyze failure modes. * RL finetuning--GRPQO?
* Run stress-test experiments * Closed-source + larger
on full CSES dataset. models (budget limitations)
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Experimental Groups

Experiment Detailed Prompt Description
Tag Label
A Baseline non-CoT  Instruct the model to solve the problem in C++
B Baseline CoT Instruct the model to reason through its solution.
C Refined CoT Step-by-step CoT Instructions
D Domain-specific CoT  Detailed CoT including guidelines about CP best practices
E  ICL 1-shot OOD Short ICL + CoT + 1 concise synthetic problem-solution pair
F  ICL 1-shot OOD Long ICL + CoT + 1 complex synthetic problem-solution pair
G ICL 1-shot ID Long ICL + CoT + 1 in-domain (from training data) problem-solution pair
H ICL 3-shot OOD Short ICL + CoT + 3 examples of concise synthetic problem-solution pairs




Accepted!

Solve this CP problem titled “Advertisement”:

A fence consists of . vertical boards. The width of each board is 1 and their heights may vary. You want to
attach a rectangular advertisement to the fence. What is the maximum area of such an advertisement?

Input

The first input line contains an integer 72: the width of the fence. After this, there are  integers k1, ks,
the height of each board.

Output

Print one integer: the maximum area of an advertisement.

Constraints
1<n<2-10°
1<k <10°
Example
Input:

8
41533241

Output:

10

Ea:
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larger rectange.
5. Efficiency: This approach runs in linear time, O(n), making it suitable even for large inputs up to 2 * 10°.

9 ps, both efficient and correct, handiing the constraints and edge
cases effectively.

#include <bits/stdc
using nasespace std;
int main() {

d0s_base::sync_with_stdio(false);
cin.tie(NULL);

vector<int> heights(n);
forlint i = 0; 1< n; i) cin >> heightslil;

vector<int> left(n), right(n);
stackednt> st;

for(int i =0; 1<n; i+ {
while(!st.espty() 66 heights[st.top()] >= heights[il) st.pop();
if(st.empty()) leftlil = o
else leftli] = st.top() +
st.push(1);

while(!st.enpty()) st.pop();

for(int 1 = n-1; i>= 0; i—) {

while(!st.enpty() 66 heights[st.top()] >= heights[il) st.pop();
if(st.empty()) right[i) = n-
else righti] = st.top() -
st.push(i);

Long long maxdrea = 0;

for(int 1= 0; 1< n; ie4) {
Tong Long width = right (i) - left(i] + 1;
maxArea = max(maxArea, heights(i] + width);

cout << maxArea << endl;

Explanation: y
rectangle that can be formed from the fence boards. It calculates the nearest smaller elements on both the left
‘and right for each board, allowing it to compute the maximum width each board can span without violating the
height constraint. By iterating through each board its tothe

Wrong Answer.

Solve this CP problem titled “Another Game”:

There are n heaps of coins and two players who move alternately. On each move, a player selects some of the
nonempty heaps and removes one coin from each heap. The player who removes the last coin wins the game.
Your task is to find out who wins if both players play optimally.

Input

The first input line contains an integer ¢: the number of tests. After this, ¢ test cases are described: The first line
contains an integer n: the number of heaps. The next line has 7 integers Z1,&3,. . -.n: the number of coins in

each heap.

Output
For each test case, print “first” if the first player wins the game and “second” if the second player wins the game.

Constraints
1<t<2-10°
1<n<2-10°
1< <10°
the sum of all n is at most 2 - 10°

Example

Input:

Output:

first
second
first

Implementation:

Here's the detailed implementation:

#include <iostream>
#include <vector>

using namespace std;

int main() {
i0s_base: :sync_with_stdio(false);
cin.tie(NULL);

int t;
cin > t;

while (t--) {
nt n;
vector<int> coins(n);

/ Read the number of coins in each heap
for (int i i<n; aei) {
cin > coinslil;

¥

bool all_same = true;
for (int i =1; i < n & all_same; ++i) {
if (coins[i]!= coins[o]) {
all_same = false;

¥

if (all_same) {

cout << "second\n";
} else {
cout << "first\n";

}

return 0;

This code efficiently reads the input, checks if all heaps have the same number of coins, and prints the
n that the game state deter

appropriate winner for each test case. The solution leverages the observ:
winner based on whether the heaps are uniform or not.




