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¿Por qué se necesita el “Cómputo
Científico”…

La parte científica…

•El propósito de la ciencia es PREDECIR

•Queremos PREDECIR para DECIDIR

•Para PREDECIR necesitamos DATOS



Prediction and science: the last 3 centuries

The world as a machine

How do you model machines?

With differential equations
We all obey the law

In fact…

we are slaves to the law 



¿Por qué se necesita el “Cómputo
Científico”…

La parte científica…

•El propósito de la vida es PREDECIR

•Queremos PREDECIR para DECIDIR

•Para PREDECIR necesitamos DATOS



Predictability in Simple Systems (Cómputo científico 
“tradicional”) versus Complex Systems (Cómputo 
científico “moderno”)

The difference between complex 
and simple systems is the difference 
between “being” and “doing”

Mechanistic Adaptive

The cat obeys the same laws 
of physics as the ballBut its not a “slave” to them

The evolution of function 
is the revolution that allowed 
systems to escape the tyrrany
of the laws of physics. 
Complexity is a consequence 
of that revolution. 



Data are the 
fuel of life

Literally!
They represent 

the “real” world

Data Scientists



Each person is processing about 
11 Mb/s from our senses

(3 photos in terms of pixels)

The human race is processing about
1 yottabyte (1024 b/year) from our senses

We extract meaning from 
this data and convert it into 
prediction models that we 
use for making decisions

and taking actions



If it stored all the 11Mb/s our 
“hard disc” would be full in 3 months 

What does it “choose” to store?

What has “value”!

The human brain can store about 10-100Tb
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F = ma

s(x) = ln(P(x|C)/P(x|C’)) 

How do you assign value?You learn it

By trial and error
using DMVPDA

Data+Meaning+Value-->Prediction+Decision+Action



Heuristic: we don’t 
know what it is in 
humans. 

It is a model of the 
world. 

DMV PDA

Human IntelligenceDid it work?

There are many 
alternatives to 
any decision and 
many possible actions

DMV  PDA is judged to be good or bad according to a performance criterion

P(C|X(t))

DMV  PDA
P(C|X(t)) represents 
our model of reality
and perception

Adaptability



¿Por qué se necesita el “Cómputo
Científico”…
La parte de “cómputo”…

•El propósito de la ciencia es PREDECIR

•Queremos PREDECIR para DECIDIR

•Para PREDECIR necesitamos DATOS

•¿Cuáles datos?



Unfortunately…
Our capacity to process this 
information is about 50 b/s

”Recently” we learned how to 
represent the world in a new way 

that was “non-local” in space and time

Everything ever spoken or 
written has been processed  

by at least one person though…

Even if that person was the author, 
or their mother, or best friend, or…



However, we’ve gone 
from this world… To this



Heuristic: we know 
exactly what it is. It’s a 
mathematical model. 

DMV PDA

Artificial “Intelligence”
Did it work?

There are many 
alternatives to 
any decision and 
many possible actions

DMV  PDA is judged to be good or bad according to a performance criterion

P(C|X(t))

DMV  PDA
P(C|X(t)) represents the 
algorithm’s model of reality
and perception



P(C|X(t))
A representation of DMVPDA

It’s a Machine

X(t)Sensorial/physical/analog –
Always hugely multi-factorial
Always has meaning 

Electronic/digital/binary – very biased
And not very multi-factorial
No meaning

CThere are a huge number of
goals, each with an associated value

There is just one goal that we have
to pre-specify (with bias) as well 
as specify the value (with bias)

P( | )We don’t know the heuristic but 
do know its VERY biased

We know exactly the heuristic
and its (weak) bias and variance 

Human versus Artificial Intelligence



• Mi trabajo es para usar la computadora (dispositivos digitales) para hacer
lo que hace bien la computadora (dispositivos digitales) y el cerebro
humano para hacer lo que el hace bien

INTELIGENCIA HIBRIDA

¿Qué hace la computadora (dispositivos digitales) bien?
• Colecta de datos digitales
• Almacenamiento de datos digitales
• Procesamiento de datos digitales

• ¿Qué hace el ser humano bien?
• Entender el significado de los datos



Proyectos: Modelaje de Sistemas Complejos 
stephens@nucleares.unam.mx
• Proyecto 42

• Para crear modelos predictivos para la obesidad y enfermedades metabolicas
• Para crear la base de datos más profunda en el mundo para estas enfermedades
• Datos de más de 3000 universitarios con más de 3000 variables asociados
• Desarrollo de una Plataforma (project42.c3.unam.mx) disponible al público para 

crear modelos de ML
• Oportunidades para hacer contribuciones en: Desarrollo de software, modelaje de 

datos, desarrollo de algoritmos de ML

• Proyecto EpI-PUMA
• Para crear modelos predictivos para COVID19 y otras enfermedades emergentes
• Desarrollo de una Plataforma (covid19.c3.unam.mx) disponible al público para crear

modelos de ML
• Oportunidades para hacer contribuciones en: Desarrollo de software, modelaje de 

datos, desarrollo de algoritmos de ML 

• Proyectos “teóricos” – causalidad, No free lunch theorem – cuál algoritmo
es major para cuál problema


