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Natural Language Processing for 
Programming (NLP4P)

An interdisciplinary field 
of NLP and software 

engineering (SE) 

What Why How

Improving the
productivity of both
developers & non-
professional users

Programming
language is highly

structured and
executable



Structure-based &
Functionality-oriented 

def fib(n):
    if n == 1 or n == 2:
        return 1
    return fib(n-1) + fib(n-2)

Calculate the n-th element of the Fibonacci sequence
Natural Language

Programming Language

Functionality-
oriented

Structure-based
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General Datasets

Large in scale; Noisy and non-informative



Dedicated Datasets

Small in scale; Informative, task-aware



Techniques

Structure-based Understanding Functionality-oriented Generation

PDG

AST

CFG

Self-Instruct

Interactive Programming 

Self-instruct: Aligning language model with self generated instructions. arXiv preprint arXiv:2212.10560. 
A conversational paradigm for program synthesis. arXiv preprint arXiv:2203.13474.   



Representative Pre-training Models

• Incorporating structure-based representation can boost the performance
• UniXcoder performs better on understanding tasks, while CodeT5 outperforms 

others on generation tasks



Representative Pre-training Models
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Model size is the primary factor
Constantly learning a specific PL is promising to gain improvement



Future Directions

the performance of low-
resource NL and PL is 
much worse than the 
average performance 

Multilingual Multi-modal Long-Context

NL specification may refer 
to other modalities for 
better understanding 

PL has a long-distance 
dependency across 

multiple lines and files 
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Conclusion

• We identify two properties of PL: structure- based and 
functionality-oriented

• We systematically review current work, covering tasks, datasets, 
evaluation methods, techniques, and representative models that 
achieve SOTA performance. 

• We illustrate unexplored areas and suggest potential directions 
for future work.
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