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Introduction



Al TIMELINE: 1947-2020

1947 1966

Alan Turing talks

MIT releases the

2011 2015
IBM Watson beats AlphaGo beats

about Al in London ELIZA chatbot players on Jeopardy! Fan Hui
1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s
1950 1997 2017 Google Transformer
Turing’s papers on Deep Blue beats 2018 GPT-1 117M
Intelligent machines Garry Kasparov in chess 2019 GPT-2 1.5B
G & © 2020 ®
Jan May Jun Sep
Google Meena 2.6B GPT-3175B iGPT 6.8B GPT-3 writes newspaper column
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Whatis a Large-Language Model?

a next word predictor
given all the previous words

1N a context
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How to use L.1.Ms

* LLMs are extremely powertul

+ [LLMs are fallible

* Do not implicitly trust a LLM
* Consider polling multiple LLMs
* Ask a question several times in separate conversations

* Be aware of the context length of each LLM (for now)
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Main parameters in a LLLM

* Context size: the maximum number of input characters
* Model size: the number of unknown parameters in the neural network

* Time to train: how long the network is trained for

* If some function of the three is large enough, emergence can take place.
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The Data

« Input data (x;, x,, ..., x,) where x; is one or more sentences where total
number of words < N, where N is the context length

* Example: GPT-4 has a context length of 16,000 tokens.
+ The maximum length of x; is 16,000 tokens (approx. 12,000 words).
“ A 15 page NSF grant in 11 pt font will have O(7500) words.

+ An NSF grant < X; for GPT-3.5 (ChatGPT)
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https://chat.openai.com/share/93f4c10f-106a-4bc4-8808-1a9f28977dd6

Tokenization

* Input sentence: “What is the meaning of this sentence? The meaning is clear to me.”

¢ Each character is a token:
S A e W S R g T e
+ Hard to work with
+ Each space-delimited word is a token:
+ ["What’, ‘is’, ‘the’, ‘meaning’, of’, ‘this’, ‘sentence’, ‘?’, “clear’, ‘to’, ‘me’]
+ Very large vocabularies. Some languages do not have spaces.

# Sub-word tokenizer: identify most common ‘n-grams™: (depends on the vocabulary size)

sl AN ate e s '
+ Works across all languages.
* Most common algorithm in Large-language models: Sentencepiece

+ Combines the advantages of character-based and word-based tokenization
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Tokenization

Input sentence: “What is the meaning of this sentence? The meaning is clear to me.”

Each character is a token:
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Input sentence: “What is the meaning of this sentence? The meaning is clear to me.”

Tokenization

Each character is a token:

7
000

7/
000

{ s N s e N S IS et N g I s NS e S - A NI JB L Jrm)
AT e e L R e R i

Hard to work with

Each space-delimited word is a token:

* ["What’, “is’, ‘the’, ‘meaning’, of’, ‘this’, ‘sentence’, *?’, “clear’, ‘to’, ‘me’]

/
%

J

Very large vocabularies. Some languages do not have spaces.
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Tokenization

* Input sentence: “What is the meaning of this sentence? The meaning is clear to me.”

+ Each space-delimited word is a token:
* ["What’, ‘is’, ‘the’, ‘meaning’, of’, ‘this’, ‘sentence’, ?’, “clear’, ‘to’, ‘me’]
* Very large vocabularies. Some languages do not have spaces.

“ Sub-word tokenizer: identify most common ‘n-grams™: (depends on the vocabulary size)

!

W ettt s T She St an s Ao s el - Sthiss S s el Sonces e s eilina gt mieany Jingsas sis s dicled Hort:

* Works across all languages.
* Most common algorithm in Large-language models: Sentencepiece

* Combines the advantages of character-based and word-based tokenization
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Context of 4000 Tokens

* “Please tell me about the history of mathematics”
* The max size is 4000 words

+ The used size is 8 words

“ In chatGPT, all questions and answers up to the current questions
must fit within the context

* Therefore, a larger context is often better!
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Context Length

¢ GPT3: 2k

* ChatGPT: Nov. 2021: 4k, Aug. 2023: 32k

« GPT-4: 32k

+* Claude-2: 100k

+ Llama-Code: 100k

* For reference: The Great Gatsby (book) has 72k tokens (210 pages)
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Transformer Architecture



Unpacking the Transformer

* Input 1s a context:
* one or more words, sentences, paragraphs

+ Qutput is another context

+ Examples:
+ English paragraph —> French paragraph
« QOrthography —> Phonology
* Images —> Captions
+ Text —> Images, Video

“* More generally: input_sequence —> output_sequence
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Transtformer Elements

» Input Sequence

Text tokens (or other data types) are fed into the model as a sequence

* Encoder Layers

Process the input sequence and produce an intermediate representation input into the decoder

* Decoder Layers

Generate the output sequence embedding based on the processed input

» Attention

Captures relationships and dependencies between tokens regardless of separation

* QOutput Sequence

Transformed sequence of tokens

23



High-Level Transformer Architecture

[La chatte

"""""" Next token s/

T

“ Input sequence —> Encoder

Softmax
v T + The cat is not at home.
Output sequence Decoder + Encoder output+ output sequence —> Decoder
embeddings (s;...s,)
f * La chatte n’est pas a la maison.
Encoder * Decoder output into Softmax for token
4 prediction

Input Sequence
embeddings

The cat is not at home. —p
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Simplified Transformer Encoder

Output Embedding + § = x, —> Input embedding token
T + embedding: vector € R4
Feed-Forward Network ¢+ Context: N tokens
Stacked : .
e T * Multi-head attention
elements
Multi-head Attention ey
T “  Qutput: intermediate representation
Input Embedding of + N tokens, each in embedding space R

input sequence
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Selt-Attention

Each word (token) relates to every other word
These links have different strengths

Cost grows quadratically with context length

Active research:

* Speed up attention

* Reduce memory requirements
* Increase context length
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m Stacked
elements

Encoder Output
Sequence

I

Simplified Transformer Decoder

Output Embedding of y, . ,

T

Feed-Forward Network

T

Multi-head
Self-Attention

Multi-head Cross-
Attention

yl’ ’yn il

I

Embedding of output
sequence

2

Input embedding

masked tokens —> RN*¢
Context: max of NV tokens
Multi-head cross attention

Similar to self-attention with input
from the encoder

Feed-forward network for mixing

Output: N tokens, each in R?



Large-Language Model: Decoder-Only

Softmax

1

Output Embedding
A

N Stacked

elements

Feed-Forward Network

T

Multi-head
Self-Attention

T

Input Embedding of input
sequence (X, ..., X,)
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» Given tokens (x, ..., x,), predict token x,_ ,

» Used when input and output sequences

are of the same nature (i.e., english text)

& ronpl
“Paris is the capital of?”

*  Most likely reply of a good model with next
word prediction:
“rance.

* ChatGPT reply:
“Paris is the capital of France.



Life Cycle of a LLLM

Define the
use case

)

Choose an
existing
model or
pretrain your
own

>> Adapt and align model >> Application integration
Prompt
engineering
Optimize || ~ugment
. . model and
Fine-tuning |1 gyajate | | 29 98PV 1 bl LLM-
model for
. powered
inference lications
Align with app
human
feedback

Source: https:/ /medium.com /@kanikaadik(07 / generative-ai-project-life-cycle-55ce9092e24a
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https://medium.com/@kanikaadik07/generative-ai-project-life-cycle-55ce9092e24a

Prompting




Generating good prompts

* Consider whether you’d expect the answer to your question to exist on the
internet

* Asking about the composition of remote stars
“ probably poor response
“ Asking about life on Ferenginar

* probably good response
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Prompung Techniques

* Single shot learning

* Multi-shot learning

* Step-by-Step prompting

# Chain-of-thought prompting
* Assign a Role

32



/.ero-Shot Prompting

Al reply
Option 1 is a faster way to get to work.
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Mula-Chain Prompting

User Prompt:
Which is a faster way to get home?

Option 1: Take an 10 minutes bus, then an 40 minute bus, and finally a 10 minute train.
Option 2: Take a 90 minutes train, then a 45 minute bike ride, and finally a 10 minute bus.

Option 1 will take 10+40+10 = 60 minutes.
Option 2 will take 90+45+10=145 minutes.

Since Option 1 takes 60 minutes and Option 2 takes 145 minutes, Option 1 is faster.

Which is a faster way to get to work?
Option 1: Take a 1000 minute bus, then a half hour train, and finally a 10 minute bike ride.Option 2: Take an 800 minute bus, then
an hour train, and finally a 30 minute bike ride.

Al reply:
Option 1 will take 1000+30+10 = 1040 minutes.

Option 2 will take 800+60+30 = 890 minutes.
Since Option 2 takes 890 minutes and Option 1 takes 1040 minutes, Option 2 is faster.

34



Single-Shot Learning




Mulu-Shot Learning




Application of Transformers: Beyond Text

* Generative Image Generation
* Dall-E 2, Midjourney, Leonardo, Stable Dittusion, etc.

* Combines GAN, Transtormers, diffusion
Near future:

« Caption generators - Video to text
- Music to text

+ Music Generators

- Video to music
* Video generation etc.

37



Overleat and Word

* Collaborative tools for Latex report writing

“ Al tools integrated with Overleaf
* Quillbot 4’

« WriteFull ¢9’

+ Latext Al (Chrome plugin) ¢§’

* More tools for Word

38
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LLMs in my Daily Work

+* ChatGPT / GPT4 ¢
*Claude-2 &
* Perplexity &
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ChatGPT / GPT4 by OpenAl

* My go-to tool

* Vast knowledge

* Limitation: relatively small context length
* GPT4 ($$) includes:

* Plugins

* Code Interpreter

* Web browser (currently disabled)
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Claude-2 by Anthropic

* 100k token context length

* Allows file uploading

* Query the uploaded files

* “Converse” about your papers

* Very polite, strives to please

42



Perplexity.ai by Perplexity Al

* Powered by GPT3.5

* Conversational search engine

* Ask questions in natural language

+ Searches the internet

* Collates the results and returns a reply with citations in natural language
“ Ask tollow-up questions

* [ts answers are more accurate than other Chat engines
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CPrev 1 2

Plugin store

Popular New All

ad4mat
A Install (
Generate affiliate tracking links to

monetize outgoing traffic - based on
50,000+ advertisers.

Developerinfo @ &

AFinChat

Install (>

Get information and an%lyze A-share
stocks, but search for information only
from China.

Developerinfo @ &

GPT-4 plugins ¢

Installed ‘ Q Search plugins

Q Adzviser
Install G
It retrieves users' real-time reporting

data from Google Ads, Facebook Ads,
Bing Ads, GA4 and more.

Developer info @ &

AgentSQL

Install

Interact with your Snowflake databases
or your csv files.

Developer info @ &

111 112 113 Next >

Install (

Aviation data from aviationweather.gov
for entertainment. Not for pre-flight
decision making.

Developer info @ &

Agones
: Install ()
Agones provides soccer (football)

results for matches played all over the
world in the past 15 years.

Developer info @ &

2

Affilitizer
Install (

Find all affiliate programs and
advertisers including the network they
are available in.

Developer info @ &

Al Agents

Install (>

Unleashing the power of multiple Als:
One goal, limitless productivity.

Developer info @ &

About plugins

Close to 1000 plugins

Wide range ot
capability

Will get better in time

Plugins connect GPT4
to external applications

Open up to three
plugins

GPT4 chooses which
plugin(s) to use
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Chat Agents

4

L)

)

e Retrieve Relevant Info

1 Rt ;‘I-

Llama-index 9’ KA—AX Q
\/ o Get Reply

SimpleAIChat ¢§’

!

“ Create your own chatbot T l

“ Extend the context length
; o User Inputs Prompt
with a Vector Database

with Relevant info
| Prompt [ _ @ _]

* Create your own Perplexity

Create Completion
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Ethical Considerations

+ Avoid misuse of LLM

+ disinformation

+ fake videos

* using LLM agents to create chaos, sow fear, etc.

* LLM’s might have captured personal information from the public web
* avoid using this information

* Dangers in providing advice to people based on LLM output

“ e.g. law, medicine, financial advice
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Al’s Role in Education



Al-Driven Personalized Learning

mpo matplotlib.pyplot as plt

| Partial Python code
My prompts to GPT—4 (5) - fig, ax = pl‘t.subpli‘:lt;{figsize# i )}
[ do not understand the physics of combustion. i oct = p. Rckanle( (0.3, 031, 0.4, 1.3, faeselor
Please explain it to me via increasingly
piston_rect = plt.Rectangle(( . , : , facecolor= )
Complex exampleS. ax.add_patch(piston_rect)

Simplified Car Engine Diagram

Thanks. It makes sense. Please explain n mm

combustion in a car engine in more detail. I am
a third year undergraduate student in
Mechanical Engineering.

Can you draw a simple diagram of a car
engine?

aaaaaaaaaa
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Create a L.esson Plan

* Example: Create a lesson plan about interpolation 4’

* My initial prompt:

You are a professor of numerical algorithms, and I am interested in learning about
1-D interpolation techniques over a set of points. Develop a series of lessons
starting with the basics and progressively becoming more complex. After each
lesson, propose a quiz (a mixture of true/false and multiple choice) to test my
knowledge. Once I answer, provide the correct results.
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Create a Quiz &

My prompts

* You are a professor in Computer Science and an expert in the C programming language. [ will ask you
to create a series of quizzes with various characteristics. If you need equations, write them in Latex.
Code should be delimited by three double quotes on either side of the code, and indents must be
maintained. Do you understand?

« Please create a True/False quiz with 5 questions on the structure of single and nested for loops.

* Thanks. Create a quiz with three questions. In each questions, provide a multiple choice questions
with three choices. Only one choice must be correct and the two others false.

* Now create a quiz with the following structure: create a code snippet, and ask the student what the
code accomplishes. Also provide the correct answer. Concentrate on different aspects of function
arguments.
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Avoiding Cheating

* Step 1:

“ Create a quiz of any type that
Canvas can auto-grade

+ Step 2:

“ Put the quiz questions on paper
provided to the students

* On canvas, only put the choices for

the student to fill out

Sl

1. Does the sun
radiate heat?
True

False

True
False

1. Does the sun
radiate heat?

Standard
approach

on Canvas

Suggested
approach

On Canvas

Paper test
Student answers
on Canvas



Automatic Grading: Gradescope

(@ Paper-based Assignment () Programming Project

6. (10 pts) Refer to the previous problem for an explanation of the context of this code. Fill in the missing line.

It can be solved with one line but there are multiple possible approaches. If your solution requires two or threg
lines, fill in those lines above and below the blank as needed.

/** replace last factor with the value i */

public void replaceLastFactor(int i) {

1,4'\)7 Qe = E"f\%ﬁ\.f,{"\*’(u"rh o -2 e

!

[ ] +s.0

Partial credit: An answer that has
the form

x.set(x.size()-1, i)

but where x is some variable that is
either out of scope, or an
inappropriately declared instance

7
(c) Suppose that f(x) is a continuous function where / f(z)dx = 11.
2

For the following expression, evaluate it or state that there is not enough informatiq

1 — .
z

=1 -

‘/ -1

f: (f(z) +2) dz+ fl f(z)dz

L-I £(x)ax + 5:;.&: + 5: £(2) Ax
§Tf)ax ¢ [ xax
z

=1

x dx

3

I + i +2-L = n+1% = 12.5

| &

variable.

4 +50
1

Total Points
0.5/1.0 pts
1 -0.0

Correct
2 05

You had trouble calculating

2
[ zdx
L

Now that we have spent some time
practicing how to integrate, go
back and look over this.

[ ] -05
£_lxm¢[jzdz

Why not? What is the big
difference? Can you use the net
change lens to justify this?

Question 2 ( points total):

Pipeline the circuit below. Optimize throughput (inputs processed per ns) and cost ($). You may add anv
number of the blocks in the circuit (A-F), edge-triggered flipflops, edge-triggered interleavers, an
edge-triggered de-interleavers (see figure below). No other modifications are permitted. The latency ¢
flipflops, interleavers, and de-interleavers is Ons. The cost of any item (whether already there or one yc
add), regardless of which item is $1. You have a total budget of $25 and the components already drawn belo
cost $6. Draw your answer on top of the diagram below if at all possible.

_\ D: Sns fT

A: lOns

B: 5ns

-

F: 18ns

g~

"~ ..#j/

Deinterleaver

'71511';

Flipflop Interleaver

Total Points

24.0 / 33.0 pts

Y
2

3

+6.0

Correct interleaving concept

+6.0

Correct interleaving of multiple
inputs

-3.0

Abused interleavers (too many
outputs/inputs)

+6.0

Well-formed ("balanced" latch
count)

+8.0

Correct extra stages for long-
latency interleaved approach

-4.0
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https://gradescope.com

Al: Embrace or Resist?

“ Some schools tried to ban GPT technology
* Doomed to failure

* Al tools are proliferating

* Technology improving at accelerated pace

* Students with Al usage expertise will get better jobs

+ Al will allow students to learn more and faster
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Practical Applications in Coding



Visual Studio Code

“ Probably the best IDE for Python, Javascript, and Julia code
* Under heavy development
* Hundreds ot Extensions, in particular

* Copilot: plugin, free for students and faculty

* Genie: Interface to multiple chatbots (next slide)

* Interface to OpenAl via an API Key
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Copilot

* Coding Assistant
* Improves command-line completion
“ Can write entire functions
* Use meaningful names (think of best programming practice)
“ Divide your problem in digestible steps
* Strongly dependent on user input and previous code

« Operates on Github, Visual Studio Code (ctrl-cmd-V)
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1 %load_ext autoreload
2 %autoreload 2

v 0.0s M l X e =
1 1import torch
2 1mport torch.tensor as tt
3 1mport torch.nn as nn
4 1mport torch.nn.functional as F
5 1mport numpy as np
v 0.8s
Construct a layer that
1
> executes:
3
4 class MultiActivation(nn.Module): T WzU(Wx L bl)
5 def init  (self, in_features, out_features, activationl, activation2):
6 super().__init_ ()
7 self.activationl = activationl +W3R6LU(W4'X + bZ)
8 self.activation2 = actlivation2
4 self.linear = nn.Linear(in_features, out_features) -+-l)3
10
11 def forward(self, x):
12 X1 = self.activationl(x)
13 x2 = self.activation2(x)
14 X = torch.cat([x1, x2], dim=1)
15 X = self.linear(x)

et
(=)

return X




1 %load_ext autoreload
2 %autoreload 2

e ]}~([: ]_ | | |
1 1import torch
2 1mport torch.tensor as tt
3 1mport torch.nn as nn COnStTUCt d layer that
4 1mport torch.nn.functional as F
5 1mport numpy as np exeCUteS-
v 0.8s
1 + 3R€LU(4X + bz)
2
: i +b;
4 class MultiActivation(nn.Module):
5 def init (self, in_features, out_features, activationl, activation2):
6 super().__init__ ()
7 self.activationl = activationl
8 self.activation2 = activation2 ///,/’)'
G self.linear = nn.Linear(in_features, out_features)
10 X e
11 def forward(self, x):
12 x1l = self.activationl(x)
13 x2 = self.activation2(x)
14 X = torch.cat([x1, x2], dim=1)
15 X = self.linear(x)

ek
(=)

return Xx




Alternatives to Copilot

* IDX

* CodeGeex Al

* Tabbing

* They all have similar capabilities to Copilot

* Tools will greatly improve in the very near future
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https://github.com/THUDM/CodeGeeX
https://www.tabnine.com

Ethical Considerations

* Copilot was trained in public repositories

+ some code has copyrights

* Copilot does not provide sources for its suggestions
“ Proposed approach:

* For substantial code segments generated by Al state attribution
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Creative Uses of LI.M

* Drawing a house (§>
+ Uniformize the style of a grant written by multiple participants

« Generate latex for complex equations

* Remove grammatical errors in a paper ¢/

+ Build citation lists

« Copy/ paste a table from the Internet and translate it into a variety of formats
« Convert code from one language to another
* (Generate quizzes for a class (demonstrate with GPT4)

* Generate a lesson plan to learn (demonstrate with GPT4)
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Conclusion & Future Outlook

* 2022 was the year of Generative Al

+ Chatbots

* Image generators

* 2023 and beyond

* Bigger general models

* Speculation is that GPT-5 will be released in 1-2 years

* Multimodal Als that combine text, images, video in both directions
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Bold Predictions

+ Al coding will improve.

+ Easier idea-to-code conversion.

* Focus more on algorithms.

+ Fewer Al hallucinations.

+ Prioritize the "what" over the “how”.

+ Manipulate math as easily as natural language.
+ Improved presentation software

+ Coding language importance will diminish.

+ Eliminate the need for a shared oral language.

+ Embrace the change!
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