
Joseph Bakarji

Modeling
Mathematical Framing of Real-World Problems



The ‘model’ machine learning scientist

• Curiosity to find learn about models and explore datasets. 

• Initiative to take part in projects with an unfamiliar area of expertise. 

• Ability to identify whether a problem requires machine learning or not. 

• Ability to quickly learn enough background about the subject matter required for 
you to develop a sound hypothesis. e.g. how do you deal with weather data? 

• Ability to distill complex real-world problems into mathematical representations, 
answering questions such as: what is the hypothesis, the are fitting parameters etc. 

• Coding maturity to be able to test existing models, and develop new solutions. And 
having found a solution, the ability to package it into a product others will use.



Here’s an example
Weather data



Good questions to ask about the weather
Weather data



Wind

How is the data collected?

What does it look like?

What are the measurements of interest?

What are existing models?

What are existing models?



Temperature

How is the data collected?

What does it look like?

What are the measurements of interest?

What are existing models?

What are existing models?



Temperature

How is the data collected?

What does it look like?

What are the measurements of interest?

What are existing models?

What are existing models?



Precipitation

How is the data collected?

What does it look like?

What are the measurements of interest?

What are existing models?

What are existing models?



Who models weather? And do they use ML?

Machine learning is set to play a growing role in numerical weather prediction, but physics-based forecasting techniques will continue to be important 
 
European Centre for Medium-Range Weather Forecasts is currently pursuing a three-pronged approach:  
- The use of machine learning to boost traditional techniques,  
- The development of a pure machine-learning forecasting model,  
- An experimental use of machine learning on weather observations to build a forecasting system.  

For the longer term, we will start investigating the design of a foundation model for weather and climate.

https://www.ecmwf.int/en/about/media-centre/news/2024/machine-learning-play-growing-role-weather-forecasting-says-
dg#:~:text=Machine%20learning%20is%20well%20suited,and%20to%20produce%20global%20forecasts.

Google It: machine learning for weather prediction



Big Tech tackling non-tech problems
GraphCast: AI model for faster and more accurate global weather forecasting - Deep Mind

https://deepmind.google/discover/blog/graphcast-ai-model-for-faster-and-more-accurate-global-weather-forecasting/

- Forecasts typically rely on Numerical Weather Prediction (NWP), which begins with carefully defined physics equations, which are then translated into computer  
algorithms run on supercomputers. While this traditional approach has been a triumph of science and engineering, designing the equations and algorithms is  
time-consuming and requires deep expertise, as well as costly compute resources to make accurate predictions. 

- GraphCast is a weather forecasting system based on machine learning and Graph Neural Networks (GNNs),  
which are a particularly useful architecture for processing spatially structured data.

https://www.youtube.com/watch?v=Q6fOlW-Y_Ss


Research papers

https://www.mdpi.com/2076-3417/13/21/12019



Research papers



Ask GPT



Start implementing!



Start implementing!



Reach out and ask

• After you do all your research, if you know someone who has expertise in the field, 
ask them! Your mechanical engineering friends, a professor at your university, an 
author of a paper, etc. 

• Go back to pen and paper, and make sure you understand the modeling framework 
and assumptions. 

• Implement a simple algorithm on a simple dataset if you can: it will improve your 
intuition about the data; even if it’s fake data. 

• …



We did it all “wrong”


