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Exportable as it is to STEM disciplines (and beyond), Category Theory 

is a branch of Mathematics.

In simple terms, a category is a structure abstracting three working 

assumptions mathematicians make in their everyday practice:

• all objects of a given type can be collected in a class;

• such objects form coherent conglomerates, allowing for relations between structures to form;

• far from being rare, these relational conglomerates are pretty common and arise at every 

corner.

«Category theory can be seen as a theory of systems and 

processes.» (Hu-Vicary, 2021)
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structure, to unravel the emergent properties of the latter.

In a category one has objects (nodes of a graph) and morphisms (directed edges), so that

• compositions make sense 𝑓:𝑋→𝑌 𝑔:𝑌 →𝑍
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The Buddhist doctrine of pratītyasamutpāda (san: प्रतीत्यसमुत्पाद, roughly: co-dependent origination) 

states that all phenomena (san: धर्मर्म, dharma) arise dependent upon other phenomena.
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Appear, according to inclinations;

While their essential nature neither comes nor goes,

By their vow power they pervade the worlds.

—Buddhāvataṃsaka Sūtra, 7:I, Bk 4 circa 4th century CE

In Vedic mythology, when Indra dreams the world, He builds it as a spiderweb or network, with 

each crossing adorned with a jewel. Every dharma is a node in this network, and the surface of 

each jewel reflects every other, so that every thing that exists implies all the others.



Alfred Smee (1818–1877). Instinct and Reason Deduced from Electrobiology, 1850.



Schematization of the Erlangen program, F. Klein, 1872



C.S. Peirce, Prolegomena to an Apology of Pragmaticism, 1906



Jacob J. von Uexküll. “Early Scheme for a circular Feedback Circle” from Theoretische Biologie 1920.



Jacob J. von Uexküll. “Zirkuläre Schemen” from Theoretische Biologie 1920. Diagrammatic 

description of double feedback system of autonomic nerves in the brain.



B. Russell, Introduction to Mathematical Philosophy, 1919 (p 54).



J. J. Campbell, The Hero with a Thousand Faces, 1949. (mythogenesis of heros’ tales and folk stories)



S. Mac Lane, Categories for the working Mathematician. (1971)



A snippet of haskell code (circa 1990)

compose n = do

  n1 <- f n

  n2 <- g n1

  n3 <- h n2

  return n3

composing two partial functions.

A certain construct (a “monad”) encapsulates the fact that a transformation like head : List(𝐴) →

𝐴 might fail (what’s the head of an empty list?)



Relational gigamapping, from https://systemsorienteddesign.net/gigamap-relational/

https://systemsorienteddesign.net/gigamap-relational/


The concept of gigamapping, in System Oriented Design https://systemsorienteddesign.net

https://systemsorienteddesign.net
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One is often interested in understanding a structure in terms of the 

ways in which it can be represented as a class of concrete gadgets:

• models of a fixed theory/theories in logic, and

• elementary particles as representations of an abstract group in 

physics, and

• many other things (getting there in a second)

are all instances of categorical constructs called functors, i.e. mappings 

between categories that preserve relations between objects.
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Important in Category Theory is the notion of universal property. In 

simple terms, a certain problem has a unique solution:

• there is “only one” set of natural numbers, of lists, of integers, real 

numbers, function spaces…

• there is a fundamental difference between the product 𝑉 × 𝑊  

(product of vector spaces, where states are separable) and 𝑉 ⊗ 𝑊  

(states are entangled).

• Universal objects solve optimization problems: given initial data such-

and-such build a device such-and-such that satisfies all requirements 

such-and-such.
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One is rarely interested in studying animals alone, much more in 

studying the ecosystem they form.

⇒ Uses category theory to quantify biological diversity.
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I am, by the way, the teacher of this course.

• fosco.loregian@gmail.com

• I coteach with Andrea Laretto, andrea.laretto@taltech.ee

• 2nd floor of ICT

reach out if you have questions.
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transformation, see examples of categories;

• we will introduce the notion of universal property, see instances of it 

and its connection with a fundamental result called Yoneda lemma (a 

result which inspired Matthew 7, 16-20: “Ye shall know them by their 

fruits.”);

• The most fruitful application of functoriality is in the study of 

adjoints between categories, and monads on categories.
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On the exam methods:

• Solve a few exercises during the course (exercise sheets assigned 

periodically, approx 3-4 times);

• Pick a topic from a list (also available at the course webpage), or take 

inspiration from a book, and give a short presentation;

• Endure a couple of questions from the (co)teacher.
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Now, for something not-so-completely-different.

https://tinyurl.com/iti9200-ttu
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