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Overview



What is generative Al?

"Generative Al" is a type of artificial intelligence that creates novel content based
on patterns learned from existing data.
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https://blog.tobiaszwingmann.com/p/demystifying-ai-practical-guide-key-terminology?ref=gptechblog.com

It's hitting (and exceeding) human levels
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https://hai.stanford.edu/news/ai-index-state-ai-13-charts
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https://aicheckup.substack.com/p/where-generative-ai-meets-healthcare

Systems scale

Molecular scale

DNA Protein DNA
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RNA

DNA Protein
AR

RNA

AlphaFold predicts the structure of
proteins based on provided
sequences

Evo is a generalized model across
DNA, RNA, and Proteins


https://cbirt.net/evo-a-genomics-foundation-model-redefining-sequence-modeling-and-design/

A (recommended) Al
workflow
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Define the Select the Clean the Train the Evaluate the
Task Model Data Model Model
 What (precise) + What do you  Cleanthe data + Choose the * Choose
problem are want the - Split into model evaluation
: " .
you solving? model to do” training and . Optimize metrics
« Collect the validation sets parameters » Assess
data you want performance
to solve that with validation

problem



Define the problem

Classical Al Algorithms try to find
the optimal boundary to separate
data from multiple groups

Generative Al Algorithms try to learn
the underlying data generating
distribution




Select the model

Neural Radiance
Fields ( NeRFs)

Large Language
Models (LLMs)

@ e 08 .
e *"” .
Multimodal Models

Unimodal Models @

Types of
Generative
Al Models

Generative Adversarial
0 Networks (GAN)

Transformer
Based Models

Diffusion Models

Variational
Autoencoders (VAEs)


https://successive.tech/blog/impact-of-generative-ai-on-the-bfsi-sector/

Clean the data

Up-to-date data

Data should be

up-to-date in order to
obtain maximum value
from the data analysis.

Duplicates

Duplicate IDs indicate
multiple records for one
person, e.g. someone
holds multiple functions
at the same time.

Check IDs

Check data labels of all
the fields to see whether
some categorical values
are mislabeled.

Missing values

Count missing values and
analyze where in the data
they are missing. Missing
values can disrupt some
analyses and skew the
results.

Numerical outliers

Numerical outliers are
fairly easy to detect and
remove. Define minimum
and maximum to spot
outliers easily.

Define valid output

Define valid data labels
for categorical data.
Define data ranges for
numerical variables.
Non-matching data is
presumably wrong.



https://www.aihr.com/blog/hr-analytics-data-cleaning-guide/

Train the model...
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https://hai.stanford.edu/news/ai-index-state-ai-13-charts

...0r just use a pre-trained one

Response

This blender makes amazing
margaritas and smoothies, efficiently

Prompt pulverizing fruits and ice. Its

. . i straightforward controls make
HUbliEe &) [Pl ey e e l > operation a breeze, perfect for any
blender that makes great blending task. Even cleaning up is

margaritas and smoothies and

_ hassle-free, making it a valuable
is easy to clean.

Generative addition to my kitchen. Reliable and
pre-trained easy to use, this blender is a worthy
model recommendation for any beverage

enthusiast.


https://www.gptechblog.com/what-is-generative-ai-comprehensive-guide-beginners/

...0r just use a pre-trained one

This blender makes amazing
smoothies
shakes

bicycles


https://www.gptechblog.com/what-is-generative-ai-comprehensive-guide-beginners/

Evaluate the model

Establishing specific
performance metrics

GenAl
benchmarking

Creation and sustaining
of high-quality, diverse
datasets

Development and
updating of
benchmarking datasets

Direct comparisons with
human performance

Evaluating genAl models
for potential biases

Rigorous statistical
testing

Implementing a
feedback mechanism



http://dx.doi.org/10.58496/MJAIH/2024/010

Customizing performance



Strategies to customize performance

 Prompt engineering: Design natural language instructions to guide model
responses
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Strategies to customize performance

 Prompt engineering: Design natural language instructions to guide model
responses

* Retrieval Augmented Generation (RAG): Provide vector store for quick retrieval
of relevant information for task

* Fine-tuning: Augmenting network architecture to improve performance on a
small dataset that is specific for the task

* Reinforcement Learning through Human Feedback (RLHF): Training a model
by receiving feedback from humans



Prompt engineering

« When? Any-time; best suited for tasks that require a high level of precision and
output

 How? Systematically construct and iterate instructions to elicit desired response
content, structure, and tone



Prompt engineering (example)

A 45-year-old male with a blunt force injury to the head, a Glasgow Coma
Scale (GCS) of 8, and loss of consciousness (LOC) for over 10 minutes. What
trauma level facility should this patient be transferred to?

Given the description of the patient's injury—a blunt force trauma to the head, a Glasgow Coma Scale (tGCS) of 8,
and a loss of consciousness (LOC) for over 10 minutes—this patient is likely suffering from a significant head injury
and requires immediate and specialized care.

A GCS of 8 indicates a moderate to severe traumatic brain injury (TBI), and a LOC for over 10 minutes $quests
a potential for significant neuro(I:Q[glcaI compromise. The patient's condition would need close monitoring and likely

advanced imaging (such as a scan) and surgical intervention if there is any progression or deterioration in

neurological status.

For trauma of this severity, the patient should be transferred to a Level | trauma center. A Level | trauma center is
equipped to handle the most severe trauma cases, offering:

1. 24-hour availability of neurosurgeons and other specialists (such as orthopedic, trauma, and anesthesiology).
2. Comprehensive imaging capabilities (CT, MRI) for rapid diagnosis.

3. Advanced critical care services in a dedicated intensive care unit (ICU).

4. Multidisciplinary teams for ongoing assessment and management of complex trauma patients.

In summary, the patient should be transferred to a Level | trauma center for optimal care.



Prompt engineering (example)

You are designed to help trauma staff make the best decisions for patients at the
point of care. You must reference ATLS protocol where applicable. Keep your
responses concise and helpful.



Prompt engineering (example)

A 45-year-old male with a blunt force injury to the head, a Glasgow Coma
Scale (GCS) of 8, and loss of consciousness (LOC) for over 10 minutes. What
trauma level facility should this patient be transferred to?

Based on the information provided, the patient has a GCS of 8, which indicates a
severe head injury. According to the Advanced Trauma Life Support (ATLS)
guidelines, patients with a GCS of 8 or less should be transferred to a Level |
trauma center for comprehensive evaluation and management. This level of care is
equipped to handle severe traumatic brain injuries and provide the necessary
surgical interventions and critical care.



Retrieval Augmented Generation (RAG)

 When? Specific context (from
files) needs to be given for the
desired task

» How? Chunk data and vectorize ——
chunks in a database for quick A ——  amen
retrieval T -

A ‘ Relevent
Contexts

‘ 'é;

Gererate

Response | <

Large_ Lc;\nguage, Moo!e,[


https://ai.plainenglish.io/a-brief-introduction-to-retrieval-augmented-generation-rag-b7eb70982891

Fine-tuning

« When? Large labeled dataset is
available and the task is
extremely focused

« How? Pre-trained model is
adjusted by changing weights
until desired accuracy is achieved

Large
Unlabeled
Dataset

Pre-training

LLM

labeled
Dataset

Fine-tuning

LLM

\(Computationally Inexpensive)

~

\
|
|
|
|
|
|
|
/


https://intuitivetutorial.com/2023/06/18/large-language-models-in-deep-learning/

Reinforcement Learning through Human
Feedback (RLHF)

Prompts Dataset

Reward (Preference)

text
@

- When? High-level of accuracy |
needed for task and inputs a (sample,reward) pais

h Ig h Iy Va rl a b I e Sample many prompts
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weights of pre-trained model
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https://huggingface.co/blog/rlhf

Practical steps to get
started



3 Ways to Start Using Generative Al

1. No Code or Playground
o Pre-trained models or no-code playgrounds through web interfaces
o ChatGPT web interface, Teachable Machine, etc.

2. Prototypes or Demo Applications
o Python environments using APlIs (OpenAl, Gemini, etc.) or open-source models
o Jupyter or Google Colab Notebooks with corresponding Python packages for each model

3. Production Level Applications

o Build software pipelines with Cl, testing, authentication, etc.
o LangChain, Vercel Al SDK, Auth.js, FastAPI, etc.



ChatGPT Playground
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o Qutub Lab and Team iRemedyACT ¢ Playground Dashboard Docs API refere

(D PLAYGROUND Prompts </ Code ¢ Compare O History () Responses APl ¢

) Prompts €3 Your prompts

Images

Model gpt-41 ¢
Realtime Yoxt 4

at
Assistants

Tools Create...

System message

©

Your conversation will appear here

</> Cookbook

222 Forum

< Auto-clear
@ Add messages to describe task or add context
Help



https://platform.openai.com/playground/prompts?models=gpt-4.1

AlphaFold Server

o0 Il

@ alphafoldserver.com

AlphaFold Server Server About FAQ & Guides ~

Remaining jobs: 30

Learn more A

AlphaFold Server allows you to model a structure consisting of many biological molecules

Remaining jobs refresh each day
Jobs can be up to 5,000 tokens - see more details on token calculation, accepted formats, seed selection and other features in our FAQ

.
¢ Use the entity bar to chemically modify proteins and nucleic acids

El Get in touch with the AlphaFold team if you have any questions

Explore these examples of structures to see it in action - try them out without using your quota until you begin editing!

& Protein-Glycan-lon: PDB 7BBY & Protein-DNA-lon: PDB 7RCE

& Protein-RNA-lon: PDB 8AW3

1

Upload JSON ® Clear

Entity type -Paste sequence or fasta

Protein Input

+ Add entity

Q. Search History

v/ Completed ~/ Saved draft v In progress v Examples ~ Failed



https://alphafoldserver.com/

Python LLM API| Example

localhost

iU pyter dicb-aim-ahead-genai Last Checkpoint: 9 minutes ago @

File Edit View Run Kernel Settings Help Trusted

B + XD » m C » Code v JupyterLab [7 # Python 3 (ipykernel) O =
[6]: %%capture (o] v & F 8

# comment the previous line if experiencing package issues and want to debug
%pip install -r requirements.txt

Generative Al for Biomedical Decisions

import os
import json
import requests

from openai import OpenAI

%load_ext dotenv
%dotenv

# Just makes things formatted a little better
from IPython.display import Markdown, display

def printmd(string: str):
display(Markdown(string))

Getting Started: Generate Responses with Open Al

The OpenAl class creates a Python object that you can then use to generate responses from any of their models. For the most part, other models use a similar API
where you call class methods when generating outputs. Prior to running this cell, make sure that you have created a .env file containing your OPENAI_API_KEY .

client = OpenAI(
# This is the default and can be omitted
api_key=o0s.environ.get("OPENAI_API_KEY"),
)

Responses are generated using the create() method. A full list of parameters can be found here. If you are creating an application, look using streaming respones.

user_prompt = "How do I administer CPR?"

response = client.responses.create(
model="gpt-4.1-nano",
input=user_prompt,

)

printmd(response.output_text)

Administering CPR (Cardiopulmonary Resuscitation) can help someone who has stopped breathing or whose heart has stopped beating. Here is a step-by-step guide for
performing CPR on an adult:

B




TraumaX Exam

!

eee [+ <

TramuaX

MVC injured while boarding car
Knife assault initial encounter

Roller skate fall initial encoun...

N ,ambit.panda@utsa.edu ~

localhost

Welcome to TraumaX.

Describe the case..

d + O

Learn More




Pitfalls and considerations



Common Pitfalls

« Using generative models when you just need classification: Generative
model adds complexity (cost) and risk without improving outcome



Common Pitfalls

* Replacing real-world validation with synthetic data: Synthetic examples
cannot fully replace real clinical/experimental data



Common Pitfalls

« Assuming generated outputs are reliable (copy/pasting a source from
ChatGPT): Models can "hallucinate", producing convincing but incorrect outputs



Common Pitfalls

« Using generative models to clean data instead of improving data collection:
Better to fix experimental design; Imputation methods



Common Pitfalls

« Applying models outside their training domain: Model will hallucinate (make
stuff up) (e.g., asking ChatGPT to draft a niche protocol for molecular biology)



Things to keep in mind

Major Challenges of Al

Ethical Issues
Data-Related Concerns
Technical & Computational Issues

Regulatory & Legal Al Concerns

Social & Economic Concerns

Tyt s

Environmental Challenges


https://www.upgrad.com/blog/top-challenges-in-artificial-intelligence/

Conclusion

* Introduced generative Al and the landscape of tools
* Provided a recommended workflow for doing any biomedical discovery using Al

* Learned how to customize model performance using prompt engineering, fine-
tuning, RAG, etc.

» Gave practical code examples on how to begin using these models
 Discussed pitfalls and limitations of these algorithms



AIM
AHEAD

Questions?

sambit.panda@utsa.edu; sampan.me
christian.cruz@utsa.edu



mailto:sambit.panda@utsa.edu
https://sampan.me/
mailto:christian.cruz@utsa.edu
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