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NLG as (Conditional) Language Modeling

Conditional Language Model
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NLG as (Conditional) Language Modeling
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NLG as (Conditional) Language Modeling

Training from scratch or starting with  ? The objective is the same.



How to perform decoding?
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beam search



Beam Search

https://d2l.ai/
Dive into Depp Learning



Beam Search or Pure Sampling?

Holtzman et al., 2020

GPT-2 Large (774M parameters)

degenerate repetition incoherent gibberish



What happened?

Holtzman et al., 2020

The probability of a repeated phrase increases with each repetition,  creating a feedback loop.



Top-K Sampling

NLG ModelHe wanted to go to the

Fan et al., 2018; Holtzman et al., 2020



Top-K Sampling

Holtzman et al., 2020



Top-p (nucleus) Sampling

Holtzman et al., 2020

To cut off by the cumulative probability mass, rather than the first K terms.



Question Answering

IBM Watson on Jeopardy! 2011



Question Answering is (almost) NLP Complete

(Kumar et al., 2016)



Question Answering



Question Answering

This is bold.

Snapshot from Google, Nov 15, 2021



Question Answering

The University was first 
incorporated in Hong Kong as 
a self-governing body of 
scholars by the University 
Ordinance on March 30, 
1911. 
On March 11, 1912, the 
University was officially 
opened, 
and Arts, Engineering and Me
dicine would become its first 
Faculties.

http://arts.hku.hk/
http://engg.hku.hk/home/index.htm
http://www.med.hku.hk/
http://www.med.hku.hk/


QA evaluates machines’ understanding

This is bold.



QA seeks information



“Easy”, “Hard”, “Good”, and “Bad” Questions

To be, or not to be, that is the question.

When will COVID-19 disappear?

What were the main causes for World War II?

When did World War III start?

What is the best restaurant in Hong Kong?



Knowledge Based QA
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�x.type(x,Location) ^ born in(BarackObama, x)

Prolog (Programming Language), 1972



Natural Language to Structured Query

Yu et al., 2019



SQuAD Task

Rajpurkar et al., 2016

100k annotated (passage, question, 
answer) triples.

Answers are spans in the passage.



SQuAD Leader Board

Rajpurkar et al., 2016



SQuAD 2.0 Task

Rajpurkar et al., 2018

Unanswerable Questions

Plausible (but in 
correct) answers



BERT QA

Fine-tune on the SQuAD dataset.

<latexit sha1_base64="rkqwx+pmV3a67rvSQQt18r6hNwc="></latexit>

� log pstart(s
⇤)� log pend(e

⇤)



Multi-hop Reasoning QA

Yang et al., 2018



Latent Retrieval

Lee et al., 2019



Controllable Text Generation
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Style 

Sentiment 
…



Full Fine-tuning
An idea starts from initialization:
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A

A full-supervised learning task.

GloVe, Word2vec, …

Pretrained General model -> Task Specific Model



In-context Learning
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Supervised Learning In-Context Learning



Self-adaptive In-context Learning

Wu et al., 2023



Prompt-Based Learning

[X] tldr; [Z]

Natural language processing (NLP) is a subfield 
of linguistics, computer science, and artificial 
intelligence concerned with the interactions between computers 
and human language, in particular how to program computers to 
process and analyze large amounts of natural language data. The 
goal is a computer capable of "understanding" the contents of 
documents, including the contextual nuances of the language 
within them. The technology can then accurately extract 
information and insights contained in the documents as well as 
categorize and organize the documents themselves. 
Challenges in natural language processing frequently 
involve speech recognition, natural language understanding, 
and natural language generation.

Natural language processing (NLP) is a 
subfield of linguistics, computer science, 
and artificial intelligence, where the goal is a 
computer capable of “understanding” human 
language.

https://en.wikipedia.org/wiki/Linguistics
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Natural_language
https://en.wikipedia.org/wiki/Speech_recognition
https://en.wikipedia.org/wiki/Natural-language_understanding
https://en.wikipedia.org/wiki/Natural-language_generation
https://en.wikipedia.org/wiki/Linguistics
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Artificial_intelligence


Prompt-Based Learning



Large Language Models as Agents

https://lilianweng.github.io/posts/2023-06-23-agent/



Large Language Models as Agents

ReAct (Yao et al. ,2023)



Formal Theorem Proving

https://isabelle.in.tum.de/index.html

Isabelle has been used to formalize numerous 
theorems from mathematics and computer 
science, like Gödel's completeness theorem, 
Gödel's theorem about the consistency of 
the axiom of choice, the prime number 
theorem, correctness of security protocols, and 
properties of programming language 
semantics. 

https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/G%C3%B6del%27s_completeness_theorem
https://en.wikipedia.org/wiki/Axiom_of_choice
https://en.wikipedia.org/wiki/Prime_number_theorem
https://en.wikipedia.org/wiki/Prime_number_theorem
https://en.wikipedia.org/wiki/Security_protocol
https://en.wikipedia.org/wiki/Formal_semantics_of_programming_languages
https://en.wikipedia.org/wiki/Formal_semantics_of_programming_languages


Formal Theorem Proving

▪ Albert Q. Jiang, Sean Welleck, Jin Peng Zhou, Wenda Li, Jiacheng Liu, Mateja Jamnik, Timothée Lacroix, Yuhuai Wu, Guillaume Lample, Draft, Sketch, 
and Prove: Guiding Formal Theorem Provers with Informal Proofs, ICRL 2023 [Oral]



LLMs in Formal Theorem Proving

Tree Search (Lample et al, 2022)
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LLMs in Formal Theorem Proving

<latexit sha1_base64="gfu7eefilm0rtPrwEnLieutIr0g="></latexit>x
<latexit sha1_base64="0cQNkjjYue5EMY3yjryMKTe1T88="></latexit>y

<latexit sha1_base64="0cQNkjjYue5EMY3yjryMKTe1T88="></latexit>y<latexit sha1_base64="gfu7eefilm0rtPrwEnLieutIr0g="></latexit>x

▪ Xueliang Zhao, Wenda Li, and Lingpeng Kong, Decomposing the Enigma: Subgoal-based Demonstration Learning for Formal Theorem Proving, arXiv:2305.16366



LLMs in Formal Theorem Proving

▪ Xueliang Zhao, Wenda Li, and Lingpeng Kong, Decomposing the Enigma: Subgoal-based Demonstration Learning for Formal Theorem Proving, arXiv:2305.16366
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