
Radical 
Platonism and 
Radical 
Empiricism 
A discussion of Michael Levin's work as it pertains to his new research on 
morphospace and “radical platonism” including the use of probabilistic 
knowledge graphs and other formal methods to test these novel 
hypotheses.

Most specifically, how can we formalize the language of form itself?
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Methodology 

What do we actually know?
How can we extend this knowledge?
If we find an edge case that shows “ingress” or phenomena not covered in our 
formal system, how can we evolve the system without introducing “fuzzy 
logic”? (i.e. classic problem of platonisms) 
How can we teach this knowledge to others and 
allow them to do the same? 



Morphospace



History
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Squamata morphospace

Arnau BoletThomas L StubbsJorge A Herrera-FloresMichael J Benton (2022) The Jurassic rise of squamates as supported by lepidosaur 
disparity and evolutionary rates eLife 11:e66511. https://doi.org/10.7554/eLife.66511



Dental and cranial morphospace

Ballell, Antonio & Benton, Michael & Rayfield, Emily. (2022). Dental form 
and function in the early feeding diversification of dinosaurs. Science 
Advances. 8. 10.1126/sciadv.abq5201.

Marshall, Ashleigh & Bardua, Carla & Gower, David & Wilkinson, 
Mark & Sherratt, Emma & Goswami, Anjali. (2019). High-density 
three-dimensional morphometric analyses support conserved 
static (intraspecific) modularity in caecilian (Amphibia: 
Gymnophiona) crania. Biological Journal of the Linnean Society. 
126. 721-742. 10.1093/biolinnean/blz001. 



Levin morphospace



Basal cognition and Biomedical implications

“Ion-channel-targeting drugs are the 
3rd best-selling group of prescribed 

drugs, and only a few of the 
estimated 400 annotated ion-channel 

genes predicted in the human 
genome have yet been targeted”

Levin M. Bioelectric signaling: Reprogrammable circuits 
underlying embryogenesis, regeneration, and cancer. Cell. 
2021 Apr 15;184(8):1971-1989. doi: 10.1016/j.cell.2021.02.034. 
Epub 2021 Apr 6. PMID: 33826908.



Morphogenesis and the Picasso tadpole (2012)



Anatomical Homeostasis & Bioelectric Memory (2018)



Xenobots (2020)

https://xenobots.github.io/
https://github.com/skriegman/reconfigurable_organisms

https://xenobots.github.io/
https://github.com/skriegman/reconfigurable_organisms


Anthrobots

Gizem Gumuskaya, Tufts University



Bayesian Thinking 101
Hypothesis -> Simulation -> Test data against empiricism -> restart loop

Galef, J. (2016, September 29). A visual guide to Bayesian thinking [Video]. YouTube. https://www.youtube.com/watch?v=BrK7X_XlGB8



Anatomical Compiler



Knowledge graphs in science

Callahan, T.  J., I.  J. Tripodi, A.  L. Stefanski, L. Cappelletti, S.  B. Taneja, J.  M. Wyrwa, E. Casiraghi, et  al. 2024. “An Open Source 
Knowledge Graph Ecosystem for the Life Sciences.” Scientific Data 11 (1): 363. https://doi.org/10.1038/s41597-024-03171-w.



Knowledge graphs in science 

Pablo Perdomo-Quinteiro, Alberto Belmonte-Hernández, Knowledge Graphs for drug repurposing: a review of databases and methods, 
Briefings in Bioinformatics, Volume 25, Issue 6, November 2024, bbae461, https://doi.org/10.1093/bib/bbae461



Knowledge graphs and machine learning

Fernández-Torras, A., Duran-Frigola, M., Bertoni, M. et al.  
Integrating and formatting biomedical data as pre-calculated 
knowledge graph embeddings in the Bioteque. Nat Commun  13, 
5304 (2022). https://doi.org/10.1038/s41467-022-33026-0

Sikos, L.F. Cybersecurity knowledge graphs. Knowl Inf Syst 
65, 3511–3531 (2023). 
https://doi.org/10.1007/s10115-023-01860-3



Knowledge graph ontology

Vogt, Lars, Tobias Kuhn, and Robert Hoehndorf. 2023. “Semantic Units: Organizing Knowledge Graphs into Semantically Meaningful 
Units of Representation.” arXiv, January 3, 2023. https://doi.org/10.48550/arXiv.2301.01227.



Knowledge graph and nanopublications

Giachelle F, Dosso D, Silvello G. Search, access, and explore life science nanopublications on the Web. PeerJ Comput Sci. 2021 Feb 
4;7:e335. doi: 10.7717/peerj-cs.335. PMID: 33816986; PMCID: PMC7959622.



Probabilistic knowledge graphs in drug discovery

Schlander, M., Hernandez-Villafuerte, K., Cheng, CY. 
et al. How Much Does It Cost to Research and 
Develop a New Drug? A Systematic Review and 
Assessment. PharmacoEconomics 39, 1243–1269 
(2021). https://doi.org/10.1007/s40273-021-01065-y

Liu C, Xiao K, Yu C, Lei Y, Lyu K, Tian T, et al. (2024) A probabilistic knowledge graph for target identification. PLoS 
Comput Biol 20(4): e1011945. https://doi.org/10.1371/journal.pcbi.1011945
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Beauty, a side topic?

 J. Schmidhuber. Facial beauty and fractal geometry. Note 
IDSIA-28-98, IDSIA, June 1998
J. Schmidhuber. Simple Algorithmic Principles of Discovery, Subjective Beauty, Selective 
Attention, Curiosity & Creativity. In V. Corruble, M. Takeda, E. Suzuki, eds., Proc. 10th Intl. Conf. 
on Discovery Science (DS 2007) p. 26-38, LNAI 4755, Springer, 2007. Also in M. Hutter, R. A. 
Servedio, E. Takimoto, eds., Proc. 18th Intl. Conf. on Algorithmic Learning Theory (ALT 2007) p. 32, 
LNAI 4754, Springer, 2007. (Joint invited lecture for DS 2007 and ALT 2007, Sendai, Japan, 2007.) 
Preprint: arxiv:0709.0674.

D’Arcy Thompson, Growth and Form, 1917

A Dürer, Four Books on Human Proportion, 1528

http://www.idsia.ch/~juergen/locoface/locoface.html


In the morphology of living things the use of math  e mat  i cal methods  and symbols has made slow progress ; and there are various reasons for this 
failure to employ a method whose advantages are so obvious in the in ves ti ga tion of other physical forms. To begin with, there would seem to be a 
psychological reason lying in the fact that the student of living things is by nature and training an observer of concrete objects and phenomena, and the 
habit of mind which he possesses and cultivates is alien to that of the theoretical mathematician. But this is by no means the only reason; for in the 
kindred subject of mineralogy, for instance, crystals were still treated in the days of Linnaeus as wholly within the province of the naturalist, and were 
described by him after the simple methods in use for animals and plants: but as soon as Haüy showed the application of mathematics to the description 
and clas si fi ca tion of crystals, his methods were immediately adopted and a new science came into being.

A large part of the neglect and suspicion of math e mat i cal methods in organic morphology is due (as we have partly seen in our opening chapter) to an 
ingrained and deep-seated belief  that even when we seem to discern a regular math e mat i cal figure in an organism, the sphere, the hexagon, or the 
spiral which we so recognise merely resembles, but is never entirely explained by, its math e mat i cal analogue; in short, that the details in which the 
figure differs from its math  e mat  i cal prototype are more important and more interesting than the features in which it agrees , and even that the 
peculiar aesthetic pleasure  with which we regard a living thing is somehow bound up with the departure from math e mat i cal regularity which it 
manifests as a peculiar attribute of life. This view seems to me to involve a misapprehension. There is no such essential difference between these 

phenomena of organic form and those which are manifested in portions of inanimate matter642. No chain hangs in a perfect catenary and no raindrop 
is a perfect sphere: and this for the simple reason that forces and resistances other than the main one are inevitably at work. The same is true of organic 
form, but it is for the mathematician to unravel the conflicting forces which are at work together. And this process of in ves ti ga tion may lead us on step 
by step to new phenomena, as it has done in physics, where sometimes a knowledge of form leads us to the interpretation of forces, and at other times 
a knowledge of the forces at work guides us towards a better insight into form. I would illustrate this by the case of the earth itself. After the 
fundamental advance had been made which taught us that the world was round, Newton showed that the forces at work upon it must lead to its being 
imperfectly spherical, and in the course of time its oblate spheroidal shape was actually verified. But now, in turn, it has been shown that its form is still 
more complicated, and the next step will be to seek for the forces that have deformed the oblate spheroid.
{722}

D'Arcy Wentworth Thompson

https://www.gutenberg.org/files/55264/55264-h/55264-h.htm?utm_source=chatgpt.com#fn642


Fractals and beauty?

D’Arcy Thompson, Growth and Form, 1917

Michael Levin, “Discontinuous and Alternate Q-System Fractals,” Computers & Graphics 18, no. 6 
(1994): 873–884, https://doi.org/10.1016/0097-8493(94)00107-3 .



What’s our baseline?

…

Shut up and engineer? “ Our lab mission is not to produce philosophy that is undecidable and will hang out 
among the long list of ideas that have been kicked around for centuries with no resolution in sight. … Engineering 
in the broad sense is a critical method for deciding between competing worldviews and frameworks: the best ones 
are the ones that enable the most fruitful relationships with the world and its diverse levels of agency”

What is “fruitful” ? 

Javaheri Javid, M.A. (2022). Aesthetic 
Evaluation of Experimental Stimuli Using 
Spatial Complexity and Kolmogorov 
Complexity. In: Martins, T., 
Rodríguez-Fernández, N., Rebelo, S.M. 
(eds) Artificial Intelligence in Music, 
Sound, Art and Design. EvoMUSART 
2022. Lecture Notes in Computer 
Science, vol 13221. Springer, Cham. 
https://doi.org/10.1007/978-3-031-03789-4
_8



Planform morphospace

https://github.com/fractastical/infinitemorphospace

https://github.com/fractastical/infinitemorphospace


1. Developing a predictive morphospace language that cracks the 
bioelectric Code:  (i.e. mapping specific bioelectric patterns to 
specific downstream gene expression cascades and morphological 
outcomes) ← Raup 2.0 

2. Elucidating the Mechanism of Non-Neural Memory
3. Education  and knowledge maps  of what we know including LLM 

input 

Next steps
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