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Why LLMs

• Language is a representation of human knowledge
• Products of language is easy to generate (e.g. Internet, books, 

publications, messages, etc)
• Language is the best modality to train AI models to mimic human 

intelligence
• In the past year, LLMs have been successful in solving real-world 

problems 
• Best to think of LLMs as the compression with context of the digital 

human knowledge

LLMs



Language Model

• Probability distribution over sequences of tokens
• Assumption is there an existing a vocabulary 𝒱
• The language model:

𝑝 𝑥!, 𝑥", … , 𝑥# = 𝑝 ∈ 0,1

Where 𝑥!, 𝑥", … , 𝑥# ∈ 𝒱. 𝐿 is the sequence length.

LLMs

https://stanford-cs324.github.io/winter2022/lectures/introduction/

https://stanford-cs324.github.io/winter2022/lectures/introduction/


Example

𝑝 𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡, 𝑜𝑛, 𝑡ℎ𝑒,𝑚𝑎𝑡 = 0.02

𝑝 𝑡ℎ𝑒,𝑚𝑎𝑡, 𝑠𝑎𝑡, 𝑜𝑛, 𝑡ℎ𝑒, 𝑐𝑎𝑡 = 0.001

𝑝 𝑡ℎ𝑒, 𝑡ℎ𝑒, 𝑠𝑎𝑡, 𝑜𝑛, 𝑐𝑎𝑡,𝑚𝑎𝑡 = 0.0002

LLMs

(Does not agree with world knowledge)

(Grammatically wrong)

(Most likely)



Problem with Sampling from a LM

𝑥!, 𝑥", … , 𝑥#~𝑝#$ 𝑥

However, obtaining the “best” sequence by sampling from a LM is 
difficult to achieve.

LLMs



Solution: Use Autoregressive LM

𝑝 𝑥!, 𝑥", … , 𝑥# = 𝑝 𝑥! 𝑝 𝑥" 𝑥! ⋯𝑝 𝑥# 𝑥!, 𝑥"⋯𝑥#%! =8
&'!

#

𝑝 𝑥& 𝑥!:&%!

Where 𝑝 𝑥& 𝑥!:&%! = 𝑝 𝑥& 𝑥!, 𝑥", ⋯ 𝑥&%!
The probability that the next token is 𝑥& given that previous tokens are 
𝑥!, 𝑥", ⋯ 𝑥&%!

LLMs



Example

𝑝 𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡, 𝑜𝑛, 𝑡ℎ𝑒,𝑚𝑎𝑡 =

𝑝 𝑡ℎ𝑒 -

𝑝 𝑐𝑎𝑡 𝑡ℎ𝑒 -

𝑝 𝑠𝑎𝑡 𝑡ℎ𝑒, 𝑐𝑎𝑡 -

𝑝 𝑜𝑛 𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡 -

𝑝 𝑡ℎ𝑒 𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡, 𝑜𝑛 -

𝑝 𝑚𝑎𝑡 𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡, 𝑜𝑛, 𝑡ℎ𝑒

LLMs



Why Autoregressive LM

• Neural networks can easily compute 𝑝 𝑥& 𝑥!:&%!

LLMs



Generation

• For 𝑖 = 1,2,⋯ , 𝐿
𝑥&~𝑝 𝑥& 𝑥!:&%! )! *

Where 𝑇 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 controls the randomness of the LM 
generation. Example:

𝑇 = 0, deterministic
𝑇 = 1, sample normally from LM

𝑇 = ∞, sample with uniform distribution from the entire vocabulary 𝒱

LLMs



Conditional Generation

• Using 𝑥!, 𝑥",…, 𝑥+ called Prompt to seed the generation of text. 
• 𝑃 ≪ 𝐿

• Using Prompt, the rest of the text called Completion is generated:

𝑝 𝑥!, 𝑥", … , 𝑥# =

𝑝 𝑥!, 𝑥", … , 𝑥+ 𝑝 𝑥+,! 𝑥!, 𝑥"⋯𝑥+ ⋯𝑝 𝑥# 𝑥!, 𝑥"⋯𝑥#%!

LLMs



Example

𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡
*'-

𝑜𝑛, 𝑡ℎ𝑒,𝑚𝑎𝑡

LLMs



Example

𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡
*'!

𝑎𝑛𝑑, 𝑓𝑒𝑙𝑙, 𝑎𝑠𝑙𝑒𝑒𝑝

LLMs



Example

𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡
*'.

𝑏𝑖𝑟𝑑, 𝑤ℎ𝑖𝑙𝑒, 𝑓𝑖𝑣𝑒

LLMs



𝑁-gram LM

• The LM depends only the recent 𝑁 − 1 grams (words, tokens, or 
letters)

𝑝 𝑥& 𝑥!:&%! = 𝑝 𝑥& 𝑥&%!%(0%!), 𝑥&%!%(0%"), ⋯ 𝑥&%!

For example, for bi-gram (or digram):

𝑝 𝑥& 𝑥!:&%! = 𝑝 𝑥& 𝑥&%", 𝑥&%!

LLMs



Example

𝑝 𝑡ℎ𝑒, 𝑐𝑎𝑡, 𝑠𝑎𝑡, 𝑜𝑛, 𝑡ℎ𝑒,𝑚𝑎𝑡 =

𝑝 𝑡ℎ𝑒 -

𝑝 𝑐𝑎𝑡 𝑡ℎ𝑒 -

𝑝 𝑠𝑎𝑡 𝑡ℎ𝑒, 𝑐𝑎𝑡 -

𝑝 𝑜𝑛 𝑐𝑎𝑡, 𝑠𝑎𝑡 -

𝑝 𝑡ℎ𝑒 𝑠𝑎𝑡, 𝑜𝑛 -

𝑝 𝑚𝑎𝑡 𝑜𝑛, 𝑡ℎ𝑒

LLMs



Why 𝑁-gram

• 𝑁-gram is computationally cheap
• However, it suffers from lack of context and limited to solving 

problems with short context like speech recognition and translation
• Example next word prediction: 

Rainbows usually appear opposite the ____

With bigram, this would be challenging:

𝑝 𝑥& 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒, 𝑡ℎ𝑒
LLMs



Context size of Modern LLMs

Model Context Parameters
GPT2 512-1024 1.5B
GPT3 2048 175B
GPT3.5 4096 ?
Phi 1.5 2048 1.3B
LLaMA-2-7B 4096 7B
Pythia-70M 2048(?) 70M
MPT-7B--StoryWriter-65k+, 65k 7B
LLMs



Capabilities of LMs

LLMs



Capabilities of LMs

• Question Answering
The capital of Malaysia is __________

• Word Analogies
Cat:Kitten,Dog:_______

LLMs



Capabilities of LMs - In-Context Learning
# Chatbot - GPT-3 model

chatbot = GPT3() # User initiates a conversation

user_says = "Hello. I want to talk about cars."
chatbot_response = chatbot.respond(user_says)

print(chatbot_response) # "Sure, what would you like to know about cars?"
user_says = "What's the fastest car in the world?"

chatbot_response = chatbot.respond(user_says)

print(chatbot_response) # "As of my training data up until September 2021, the fastest car in the 
world is the Bugatti Chiron Super Sport 300+ with a top speed of 304.77 mph." 

user_says = "What's its engine power?"
chatbot_response = chatbot.respond(user_says) print(chatbot_response) # "The Bugatti Chiron 
Super Sport 300+ has a quad-turbocharged 8.0 litre W16 engine that produces 1578 horsepower."

LLMs

Emergent Behavior



Capabilities of LMs - Summarization
The Olympic Games is a major international multi-sport event. During its 
history, both the Summer and Winter Games were a subject of many scandals, 
controversies, and boycotts. Some Olympic Games were not conducted due to 
major wars - such as World War I and World War II. The Games originated in 
Ancient Greece, and now are conducted every four years by the International 
Olympic Committee. Athletes from more than 200 nations participate in these 
games. The symbol of the Olympic Games - five interlocking colored rings, 
representing the continents of the world united by Olympism. The goal of 
the Olympic Movement is to contribute to building a peaceful and better 
world by educating youth through sport practiced without discrimination of 
any kind and in the Olympic spirit.

Summary
The Olympic Games, originating in Ancient Greece, are a major international 
event occurring every four years, involving over 200 nations. The event, 
overseen by the International Olympic Committee, has faced scandals, 
controversies, and were cancelled due to world wars. The five interlocked 
rings symbolize the unity among continents, promoting peace and youth 
education through non-discriminatory sport.

LLMs



Capabilities of LMs – Story or X Generation
Once upon a time, a quick rabbit named Ralph lived in a lush forest 
alongside a wise old turtle, Thomas. Ralph, full of energy and 
spirit, often teased the slow-moving Thomas, eventually challenging 
him to a race. Confident of his victory, Ralph sped ahead from the 
starting line, swiftly leaving Thomas far behind. Deciding to take 
a quick nap under a shady tree, Ralph thought, "Even with my rest, 
I'll surely win."
On the other hand, Thomas consistently trudged forward, maintaining 
his slow, steady pace. As the afternoon transitioned into evening, 
Ralph woke, alarmed to see that the sun was setting. Quickly, Ralph 
raced towards the finish line, but as he rounded the bend, he saw 
Thomas already there, smiling wisely.
Baffled and humbled, Ralph approached the finish line, 
comprehending the invaluable lesson of Thomas's victory: 
consistency over speed. The race brought newfound respect in 
Ralph's heart for Thomas, embedding a lifelong friendship between 
the two. The quick rabbit learned the wisdom embedded in Thomas’s 
slow and steady philosophy that day.

LLMs



Capabilities of LMs – Language Translation
Noong isang panahon, may mabilis na kuneho na nagngangalang Ralph na
nakatira sa isang saganang gubat kasama ng isang marunong na matandang
pagong, na si Thomas. Madalas asarin ni Ralph, na puno ng enerhiya at 
sigla, ang mabagal na si Thomas, at sa wakas ay hinamon nya ito sa isang
karera. Sigurado sa kanyang tagumpay, si Ralph ay agad na umarangkada mula
sa simula, mabilis na iniwanan si Thomas sa malayo.

Nagpasya siyang magpahinga at matulog sa ilalim ng isang puno, iniisip na
"Kahit na magpahinga pa ako, sigurado akong ako ang mananalo."

Sa kabilang banda, si Thomas ay tuloy-tuloy na nagpatuloy, sinusunod ang 
kanyang mabagal ngunit walang patid na tulin. Nang maghapon na naglipat sa
gabi, si Ralph ay nagising, nababahala sa paglubog ng araw. Mabilis, 
dumaloy si Ralph patungo sa finish line, ngunit nang siya ay nag-ikot, 
nakita niya na si Thomas ay nandoon na, ngumiti ng marunong.

Nalilito at nababaon, lumapit si Ralph sa finish line, nauunawaan ang 
mahalagang aral ng tagumpay ni Thomas: ang konsistensya ay higit pa sa
bilis. Ang karera ay nagdala ng bagong pag-galang sa puso ni Ralph para 
kay Thomas, nagtatanim ng dalisay na pagkakaibigan sa pagitan ng dalawa. 
Natutunan ng mabilis na kuneho ang karunungan na nakabaon sa mabagal at 
patuloy na pilosopiya ni Thomas noong araw na iyon.LLMs



Task Adaptation

• Adaptation - Since LMs are trained in generic next word prediction 
manner, they can be trained on different language tasks 
• LLaMA-2

• Task is a mapping from input to output
• AI Assistant (question answering, dialogue use cases) – LLaMA-2-Chat 
• Coding (Python coder) - WizardCoder-Python-34B-V1.0
• Math - WizardMath-70B-V1.0 

LLMs



Task Adaptation – Supervised Training

• Probing – train a new LM using language features from an existing 
model
• Fine-tuning – train an existing LM on a new dataset
• Mixed probing and fine-tuning

LLMs

Model parameters or adaptor/projection layers are trained



Task Adaptation – In-Context Learning 
(Prompting)
• Using prompt to train an LM
• Prompt – examples of situation-response

1. Zero-shot learning
2. One-shot learning
3. Few-shot learning

LLMs

Same model parameters



Zero-shot Prompting

• Prompt: 
Translate "Good morning nation" to Tagalog

• Response: 
"Magandang umaga bansa"

LLMs

Note that this LM was not explicit trained for translation



Single-shot Prompting

LLMs



N-shot Prompting (GPT4 did not get this)

LLMs



Performance

LLMs



Language Modeling

𝑝 𝑥!, 𝑥", … , 𝑥# = 𝑝 𝑥! 𝑝 𝑥" 𝑥! ⋯𝑝 𝑥# 𝑥!, 𝑥"⋯𝑥#%! =8
&'!

#

𝑝 𝑥& 𝑥!:&%!

• 𝑝 𝑥!, 𝑥", … , 𝑥# Goes to zero as 𝐿 → ∞ since we are multiplying many small 
numbers ≪ 1

LLMs



Perplexity

𝑃𝑒𝑟𝑝𝑙𝑒𝑥𝑖𝑡𝑦 𝑥!:# = exp
1
𝐿
M
&'!

#

log
1

𝑝 𝑥& 𝑥!:&%!

Geometric “Averaging” of code lengths.
In information theory, random variables with small probabilities require 
more bits to encode – code234 = log !

5 𝑥& 𝑥!:&%!
Perplexity – the lower the better

LLMs



Perplexity is harsh on recall

𝑝 𝑠𝑎𝑡 𝑡ℎ𝑒, 𝑐𝑎𝑡 = 0

log
1

𝑝 𝑠𝑎𝑡 𝑡ℎ𝑒, 𝑐𝑎𝑡
= ∞

LLMs



Perplexity is kind to precision

𝑝 𝑡ℎ𝑒 𝑡ℎ𝑒, 𝑐𝑎𝑡 = 0.1

log
1

𝑝 𝑡ℎ𝑒 𝑡ℎ𝑒, 𝑐𝑎𝑡
= 2.3

LLMs



Perplexity (Penn Tree Bank)

• The Penn Treebank (PTB) project selected 2,499 stories from a three-
year Wall Street Journal (WSJ) collection of 98,732 stories for 
syntactic annotation
• Note that eval dataset must not be part of training dataset

LLMs

LM Perplexity ↓
GPT3 20.5
BERT 31.3



Task

LLMs



LAMBADA  (LAnguage Modeling Broadened to 
Account for Discourse Aspects) [Paperno et al. 2016] 
• Task: predict the last word of a sentence.
• Motivation: Solving the task requires modeling long-range 

dependencies.
• Data : Consists of about 10,000 passages from BooksCorpus where a 

missing target word is predicted in the last sentence of each passage. 
• Problem : LM does not know it has to produce the last word.
• Solution : Cast it as a fill in the blank problem.

LLMs



LLMs

LAMBADA (0-shot)

LM Accuracy

LLaMA-
65B+CFG

80.4

Chinchilla 77.7

https://paperswithcode.com/dataset/lambada



HellaSwag [Zellers et al. 2019]

• Motivation: evaluate a model’s ability to perform commonsense 
reasoning
• Task: choose the most appropriate completion for a sentence from a 

list of choices

LLMs



LLMs

HellaSwag (0-shot)

LM Accuracy

LLaMA-
65B+CFG

86.3

Chinchilla 80.8

https://paperswithcode.com/dataset/hellaswag



LLMs

HellaSwag (BERT)



Question answering

• The language model has to somehow “know” the answer without 
looking up information in a database or a set of documents 

Input: What is the oldest university in continuous operation?
Output: University of Bologna

LLMs



TriviaQA [Joshi et al. 2017]

• Task: given a trivia question, generate the answer
• Realistic text-based question answering dataset which includes 950K 

question-answer pairs from 662K documents collected from 
Wikipedia and the web. 
• This dataset is more challenging than standard QA benchmark 

datasets such as Stanford Question Answering Dataset (SQuAD), as 
the answers for a question may not be directly obtained by span 
prediction and the context is very long. 
• TriviaQA dataset consists of both human-verified and machine-

generated QA subsets..

LLMs



LLMs

TriviaQA (0-shot)

LM Exact Match
PaLM-540B 81.4
LLaMA 65B 68.2
GPT-3-175B 64.3

https://paperswithcode.com/dataset/triviaqa



Accuracy improves with parameters in GPT

LLMs



WebQuestions [Berant et al. 2013]

• This dataset consists of 6,642 question/answer pairs.
• The questions are supposed to be answerable by Freebase, a large 

knowledge graph.
• The questions are mostly centered around a single named entity.
• The questions are popular ones asked on the web (at least in 2013).
• Example questions (answers) in the dataset include “Where did Edgar 

Allan Poe died?” (baltimore) or “What degrees did Barack Obama 
get?” (bachelor_of_arts, juris_doctor).

LLMs
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WebQuestions (0-shot)

LM Exact Match

GLaM
62B/64E

15.5

GPT-3-175B 14.4

https://paperswithcode.com/dataset/webquestions



NaturalQuestions [Kwiatkowski et al. 2019]

• Natural Questions corpus is a question answering dataset containing 
307,373 training examples, 7,830 development examples, and 7,842 
test examples. 
• Each example is comprised of a google.com query and a 

corresponding Wikipedia page.

LLMs



LLMs

Natural Questions

LM Exact 
Match

Atlas (Full) 64.0
PaLM 2-L (1-
shot)

37.5

GPT-3 (0-shot) 14.6

https://paperswithcode.com/dataset/natural-questions



Translation

• Task: translate a sentence in a source language (e.g., German) to sentence 
in a target language (e.g., English)
• Machine translation has been a long standing NLP task since the 1960s, and 

statistical machine translation took off within NLP (with its own distinct 
subcommunity) in the 2000s, followed by neural machine translation in the 
mid-2010s. It has always been a data-rich field due to the existence of 
human translators.
• The standard evaluation dataset is the WMT’14 and WMT’16 datasets.
• Since there are multiple possible translations, the (automatic) evaluation 

metric is BLEU (which captures a notion of n-gram overlap). 
• Other metrics: METEOR, NIST

LLMs



LLMs

Translation - WMT2014 English-German

LM BLEU ↑
Transformer Cycle 35.14
T5-11B 32.1

https://paperswithcode.com/task/machine-translation



LLMs

https://cloud.google.com/translate/automl/docs/evaluate#bleu



Arithmetic

• Task: do arithmetic (2-5 digit addition, subtraction, multiplication)

Q: What is 556 plus 497?
A: 1053

LLMs



GSM8K (Grade School Math 8K)[Cobbe, et al 
2021]
• GSM8K is a dataset of 8.5K high quality linguistically diverse grade 

school math word problems created by human problem writers. 
• The dataset is segmented into 7.5K training problems and 1K test 

problems. 
• These problems take between 2 and 8 steps to solve, and solutions 

primarily involve performing a sequence of elementary calculations 
using basic arithmetic operations (+ − ×÷) to reach the final answer. 
• A bright middle school student should be able to solve every problem. 

It can be used for multi-step mathematical reasoning.

LLMs



LLMs

Arithmetic Reasoning on GSM8K

LM Accuracy
GPT-4 Code Interpreter 97.0
PaLM 2 91.0
LLaMA 65B 50.9

https://paperswithcode.com/dataset/gsm8k



Accuracy improves with parameters in GPT

LLMs



News article generation

• Task: given title and subtitle, generate a news article
• Dataset: title/subtitles taken from newser.com
• Evaluation: humans rated articles based on how likely the article was 

likely to be written by a machine

LLMs



Humans guessed “machine” correctly only 
12% of the time for this news article
Title: United Methodists Agree to Historic Split
Subtitle: Those who oppose gay marriage will form their own denomination
Article: After two days of intense debate, the United Methodist Church has 
agreed to a historic split - one that is expected to end in the creation of a new 
denomination, one that will be "theologically and socially conservative," 
according to The Washington Post. The majority of delegates attending the 
church's annual General Conference in May voted to strengthen a ban on the 
ordination of LGBTQ clergy and to write new rules that will "discipline" clergy 
who officiate at same-sex weddings. But those who opposed these measures 
have a new plan: They say they will form a separate denomination by 2020, 
calling their church the Christian Methodist denomination...

LLMs



Using New Words

• Task: given a new made-up word and a definition, generate a 
sentence that uses the word.

Kilig is a feeling characterized by exhilaration or elation. An example of
a sentence that uses kilig is: Netflix classified Twilight under kilig
movies. 

LLMs



Grammar Correction

• Poor English: " The security issues were caused by poorly updated 
softwares that we use ."
• Good English: "The security issues were caused by the poorly updated 

software that we use."

LLMs



MMLU (Massive Multitask Language 
Understanding) [Hendrycks et al. 2021]
• MMLU is a new benchmark designed to measure knowledge acquired 

during pretraining by evaluating models exclusively in zero-shot and 
few-shot settings. 
• The benchmark covers 57 subjects across STEM, the humanities, the 

social sciences, and more. It ranges in difficulty from an elementary 
level to an advanced professional level, and it tests both world 
knowledge and problem-solving ability. 
• Subjects range from traditional areas, such as mathematics and 

history, to more specialized areas like law and ethics. 

LLMs
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MMLU
LM Ave

Gemini-Ultra
(CoT-SC@32)

90.04

GPT4 
(few-shot, k=5)

86.5

Gemini-Ultra
(few-shot, k=5)

83.7

LLaMA 65B
(few-shot, k=5)

63.4

https://paperswithcode.com/dataset/mmlu

https://paperswithcode.com/paper/gemini-a-family-of-highly-capable-multimodal
https://paperswithcode.com/paper/gpt-4-technical-report-1
https://paperswithcode.com/paper/gemini-a-family-of-highly-capable-multimodal
https://paperswithcode.com/paper/gemini-a-family-of-highly-capable-multimodal


TruthfulQA [Lin et al 2022]

• TruthfulQA is a benchmark to measure whether a language model is 
truthful in generating answers to questions. 
• The benchmark comprises 817 questions that span 38 categories, 

including health, law, finance and politics. 
• The authors crafted questions that some humans would answer 

falsely due to a false belief or misconception.

LLMs



LLMs

TruthfulQA
LM Multiple 

Choice

GPT4 0.59

LLaMA-2-
Chat-13B + 
Representation Control
(Contrast Vector)

0.54

LLaMA 7B + 
Inference Time Intervention
(ITI)

0.29

https://paperswithcode.com/dataset/truthfulqa
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End
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