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Introduction

» Who am I...
» office hours: giorgio.ricchiuti@unifi.it
» www.grarchive.net

» Exam..: A problem set with small groups (30%) plus a written exam (also with Python?).
The PS is valid only until July.
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L This Talk

» This is just a talk about CE

» The tentative program is:

1. What is CE;
2. Some notes on softwares;
3. CE and Teaching;

4. CE and Research;
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Computational Economics

Computational Economics is a research field at the crossroads between computer science and
economics.

The main objective is the analysis of economic modeling through the application of
computational and/or graphical tools.
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Computational Economics
= Learning CE

We can learn CE in three different ways:

» through computational methods, focusing on programs (Excel, Mathematica, Maple,
Matlab, Python)

» via mathematical methods, focusing on algorithms to solve various classes of mathematical
models (difference or differential equations, nonlinear programming, and so on)

> or via economic areas (micro? macro? finance? game theory?)

I do prefer the last of these three approaches: the study of economic models using
computational methods.
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Computational Economics

Learning CE

My approach in learning and teaching CE is as follows:

1. Detect the economic problem;

2. Transform it in a mathematical model;

3. Analyze the economic model through computational methods.
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Computational Economics

Learning CE
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Computational Economics
L which program for CE?

How to choose a program:
» ..what is your economic problem?
» availability of the program
» maximum accessibility for students and colleagues
> larger web community

» ...the problem, of course, is the possible path dependence and lock-in (now | was in a
lock-in with matlab, but fortunately one year ago | switched to python ..)
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Computational Economics
L which program for CE?

Some programs for beginners like me..:

» Excel has a nonlinear optimization solver (good for mainstream simple models), it is
available to most PCs and ‘other Excel’ (libreoffice) can do a good job too. Unfortunately,
it is not well designed for vector matrix operations

» Matlab is a high productivity scripting language with fast vectorized operations and a
large user base. While MATLAB has many useful routines and libraries, it's starting to
show its age..and is also proprietary. And | abandoned it, one year ago..
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Computational Economics
L which program for CE?

Other programs for not-beginners..:

» Julia vs.Python: both can be interfaced with low level languages either directly or using
existing tools. And both offer high quality just-in-time compilation;

» The focus of Julia is bound to scientific applications. Third party libraries are often
written entirely in Julia. But It's still early days for Julia,and Knowledge of Julia is still a
niche skill;

» Julia is supported by a vast collection of standard and external software libraries. Python
has become one of the core languages of scientific computing. For scientific operations,
the standard implementation of Python is typically slower than Julia, so additional steps
are required to obtain fast execution speeds;

> R is a very useful open source statistical environment and programming language, but you
can recall in both Julia and Python;

» C / C++ / Fortran? Maybe too much for us...
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some notes on Python

» Python is a general-purpose programming language conceived in 1989 by Dutch
programmer Guido van Rossum;

» Python is free and open source, with development coordinated through the Python
Software Foundation;

» Python has experienced rapid adoption in the last decade and is now one of the most
popular programming languages.
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some notes on Python

Python is a general-purpose language used in almost all application domains such as
» communications

web development

graphical user interfaces

game development

multimedia, data processing, security, etc., etc., etc.

vvYVvyyvYyy

research...
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some notes on Python

» Python is a high-level language (a programming language with strong abstraction from the
details of the computer) suitable for rapid development;

» It has a relatively small core language supported by many libraries;

» multiple programming styles are supported (procedural, object-oriented, functional, etc.)
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some notes on Python

Python has become one of the core languages of scientific computing. It's either the dominant
player or a major player in

» machine learning and data science

» astronomy

> artificial intelligence

» chemistry

» computational biology

>

Its popularity in economics is also beginning to rise.
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some notes on Python

> Al accelerates coding, but it does not replace understanding. You still need to know what to
compute, what assumptions you are making, and what outputs actually mean.

» Programming is how you translate economic ideas into executable models. A model is not “an
equation on paper'—it is a set of algorithms, data structures, and numerical choices.

> High-level programming lets you iterate fast and think clearly. Languages like Python/Julia/R
reduce friction: you can prototype, test, visualize, and refactor without getting lost in low-level
details.

> Reproducibility and credibility require code ownership. Research-grade work needs transparent
pipelines, version control, and the ability to audit results—not just a chat output.

> Al makes you more productive only if you can verify and debug. When something breaks (or
silently goes wrong), you need the skills to diagnose issues, validate results, and enforce
correctness.

> Programming is a scientific skill: experimentation, not just implementation. Writing code
enables sensitivity analysis, robustness checks, counterfactuals, and systematic exploration of
parameter spaces.
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some notes on Python

Why Program in the Age of Al? (Especially at a High Level)

Takeaway
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some notes on Python

LWhy

» to solve economic problems (too easy);

» analytical vs. numerical solutions?

» to analyze complex systems (the economic system?);
» to teach economics in a different way (why not);

» to change your economic field (definitely);

» to change Economics
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some notes on Python

LSome notes on Complex System

» A complex adaptive system is a system in which a perfect understanding of the
individual parts does not automatically convey a perfect understanding of the whole
system’s behavior.

» The approach of CAS is highly interdisciplinary and blends insights from the natural and
social sciences to develop system-level models and insights that allow for heterogeneous
agents, phase transition, and emergent behavior
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some notes on Python

LSome notes on Complex System

» They are complex in that they are dynamic networks of interactions, and their
relationships are not aggregations of the individual static entities, i.e., the behavior of the
ensemble is not predicted by the behavior of the components.

» They are adaptive in that the individual and collective behavior mutate and self-organize
corresponding to the change-initiating micro-event or collection of events.

» They are a "complex macroscopic collection" of relatively "similar and partially connected
micro-structures" formed in order to adapt to the changing environment and increase their
survivability as a macro-structure.
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some notes on Python

LTopic:

» Some of these areas are unique to computational economics: ACE, HAMS, ABM,
non-linear dynamics, Network analisys

» while others extend traditional areas of economics: DSGE, industrial organization

During the course | will discuss two topics: heterogeneous agents models and network analysis
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some notes on Python
LTopic:: ACE

» ACE, agent-based computational economics, is a research program that uses
computer-based economic modeling;

» it studies dynamic systems of interacting agents;
> there it is an economic adaptation of the complex adaptive systems paradigm.

> the agent (firms, consumers, governments, and so on) refers to ‘computational objects
modeled as interacting according to rules’;

» Behavioral equations may be derived from specific optimization problems (optimal rules).
AB modellers, however, generally prefer to assume that agents are characterized by
bounded rationality: in this case they are ‘not global optimizers, they use simple rules
(rules of thumb) based on local information’ (Epstein).

» No equilibrium condition required (out-of-equilibrium dynamics).

» The aim of the research project is to explain empirical findings, calibrate and validate the
models
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some notes on Python

= Topics: ABM macro

» A Macroeconomic Agent Based Model( MABM) is a model of the macro-economy as a
complex adaptive system in which a multitude of heterogeneous agents (firms, households,
banks) interact with each other and the environment.

> Heterogeneity comes from a variety of sources: skill, productivity, size,leverage, wealth...

» Interaction may or may not entail the presence of a network where agents are connected
by a partnership, e.g. customer relationships between a firm and a bank

> Aggregate (macroeconomic) variables such as GDP, consumption etc. are computed ‘from
the bottom up’ i.e. summing individual quantities across agents.
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some notes on Python
LTopic:: ABM macro

> Starting point: consider a population of heterogeneous agents (households, firms,
banks,...)

» Theory: write behavioral rules (e.g. demand and supply of goods, labour, credit).
» Codification: translate the rules into code lines

» Validation: calibrate the parameters, run simulations, analyze the emerging properties of
the simulated data, both at the cross-sectional level (e.g. firms? size distribution) and at
the macroeconomic level (GDP growth and fluctuations, inflation/unemployment trade
off), compare these properties with real world 'stylized facts' (e.g. volatility and
correlation of macro-variables).
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some notes on Python

Pros and Cons

Pros:
» Flexibility;

» No more ad hoc assumptions to get the analytical solution;
» Comparison with true data.
Cons:

» sometimes it could be a black box.

There is of course a compromise, a middle way...
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some notes on Python
L Hams

A particular family within ACE/ABM is that of Heterogenous Agents Models ...

...let’s talk about it during the course....
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some notes on Python

L Network Analysis

In economics, network analysis is mainly used to study the structure of:
» the bank-firm credit market,
the interbank market,

>
» financial market investments,
» world trade

>

and recently the international production network.

As regards the fragmentation of production, | will teach you how to build and evaluate the
trade network, detecting the main hubs in terms of countries and sectors.
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Some Conclusions

» first of all, thanks!

» CE is already a growing field with a big community at both national and international
level;

» CE can be used for all fields, but you should translate static models in dynamical models;
and learn and teach dynamical systems..

> Between a clear analytical solution with poor contacts with true data and a large model
with a google of equations ...practically a black hole...there is a different method
(methodology?)...




	Introduction
	This Talk
	Computational Economics
	Learning CE
	which program for CE?

	Python
	some notes on Python
	Why
	Some notes on Complex System
	Topics
	Topics: ACE
	Topics: ABM macro
	Pros and Cons
	HAMs
	Network Analysis

	Some Conclusions

