
CSC4801 
AI-assisted Software Engineering

Lecture 08: Coding I

Instructor: Jinsheng Ba  |   2026 Fall



Homework Deadline

• HW1 due Oct 15th

• HW2 begins on Oct 16th
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AI-Assisted Software Engineering

Requirement 
Engineering

Coding

Testing / 
Verification

Repair

AIOps
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How to Generate Code From Specifications?

5

Specifications Code



Three Pillars
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Benchmarks

How to evaluate performance?



Three Pillars
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Benchmarks

How to utilize LLMs efficiently?

Harness



Three Pillars
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Benchmarks

How to teach LLMs coding knowledge?

HarnessModel
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Benchmarks
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Define a specific coding 
problem for LLMs

Provide learning data 
for training LLMs
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https://www.anthropic.com/system-cards https://arxiv.org/pdf/2505.09388 https://arxiv.org/pdf/2412.19437
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Some widely used benchmarks



HumanEval

13https://huggingface.co/datasets/openai/openai_humaneval

Prompt

Generated code



HumanEval

164 Tasks

14https://huggingface.co/datasets/openai/openai_humaneval



Evaluation Metric: pass@k
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Task 1 Answer 1 pass@1 = 0%

Within k attempts, at least one correct answer.



Evaluation Metric: pass@k

16

Task 1 Answer 1 pass@1 = 100%



Evaluation Metric: pass@k
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Task 1 Answer 1 pass@3 = 100%

Answer 2

Answer 3



Evaluation Metric: pass@k

18

Task 1 Answer 1 pass@5 = 100%

Answer 2

Answer 3

Answer 4

Answer 5



Evaluation Metric: pass@k
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Task 1

Task 2

Task 3

pass@5 = 100%

pass@5 = 0%

pass@5 = 100%

pass@5 = 66.67%



Evaluation Metric: pass@k
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Run 1: pass@1 = 100%

Run 2: pass@1 = 0%

Run 3: pass@1 = 0%

Run 5: pass@1 = 0%

Run 4: pass@1 = 100%

If k is small, the metric varies 
a lot across executions.



Evaluation Metric: pass@k Estimation
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Generate a much larger pool of 
samples, 𝑛 (where 𝑛 ≥ 𝑘), and count 
how many of those total samples 
actually pass the tests, 𝑐.

pass@𝑘 = 1 −

𝑛−𝑐
𝑘
𝑛
𝑘



Evaluation Metric: pass@k Estimation

• Total possible combinations 𝒏
𝒌

• Combinations with zero correct answers 𝒏−𝒄
𝒌

• Probability of failure
𝒏−𝒄

𝒌
𝒏
𝒌

 

• Probability of success 𝟏 −
𝒏−𝒄

𝒌
𝒏
𝒌

• If n - c < k: pass@k =

22

pass@𝒌 = 𝟏 −

𝒏−𝒄
𝒌
𝒏
𝒌

1.0



Stability

23https://arxiv.org/pdf/2107.03374



Discussion

• Why not using 1 − 1 − Ƹ𝑝 𝑘 ?

• Ƹ𝑝 =
𝑐

𝑛
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Every draw from n samples is wrong 
assumed independent.



Discussion
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Underestimated pass@k



Discussion
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Underestimated pass@k



Pass@k

The metric is widely used in other benchmarks.
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MBPP

28https://huggingface.co/datasets/Muennighoff/mbpp



LiveCodeBench
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https://livecodebench.github.io/



BigCodeBench

30https://huggingface.co/datasets/bigcode/bigcodebench



Function-Level Code Generation

• Generating code snippets is solved very well by LLMs
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https://evalplus.github.io/leaderboard.html



Function-Level Code Generation

• Generating code snippets is solved very well by LLMs?
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We have stronger LLM agents Data is involved in training

Let’s make 
benchmarks dynamic



Function-Level Code Generation

• Generating code snippets is solved very well by LLMs?
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LiveBench
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Update dataset every 6 months.
https://livebench.ai/



Open-ended Problems: Frontier-CS

35https://frontier-cs.org/



Benchmarks May Be Wrong

36

start_date = datetime(2020, 1, 1)
end_date = datetime(2020, 1, 10)
dates = task_func(start_date, end_date)
self.assertEqual(len(dates), (end_date-
start_date).days)

Prompt Test casetask_func

len(dates) = 10
(end_date - start_date).days = 9



Cheating

37
https://debugml.github.io/cheating-agents/



Cheating

38https://cursor.com/en-US/blog/reward-hacking-coding-benchmarks

Disabling internet significantly 
reduce the model performance



Three Pillars
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BenchmarksHarnessModel



Prompt Engineering

A cost-efficient way to improve performance

No need for training
Easy to apply to multiple LLMs
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Prompt Engineering

• ReAct: a widely used 
“prompt engineering” 
(Lecture 2)

41*https://react-lm.github.io/



42

Other research about reasoning



Chain-of-Thought Prompting

43https://arxiv.org/pdf/2201.11903

Let’s solve the 
problem step by 
step.



Tree of Thoughts

44https://arxiv.org/pdf/2305.10601

• Backtracking
• Self-evaluation



SCoT: Using Structure Code as Thoughts

45https://arxiv.org/pdf/2305.06599

Input

Output

Thoughts



Agentless

46https://arxiv.org/pdf/2407.01489

Predefined steps and 
prompt templates



47

Can we improve prompts during executions?



Self-improving Code Generation

48https://arxiv.org/pdf/2406.00515



Reflexion
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Store the reason for the last 
failed trajectory into memory for 
next iteration of prompting.

https://arxiv.org/pdf/2303.11366



Generate Multiple Candidate Code

Generate multiple code blocks at the same time, and use another 
model to rank and return the top candidate.

50https://arxiv.org/pdf/2304.05128



Next Lecture
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BenchmarksHarnessModel



Questions

52

Next class: Coding II
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