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Galatasaray Campus

*Disclaimer: As we do not have an official university map we drew our own. It is an amateur effort and may contain
inaccuracies.
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Entering the campus: The main entrance of the campus, marked with EO is closed. You can enter
the sea side of the campus through E1 and the other side through E2. The two sides are connected by
a tunnel that goes underneath the road.

Lectures: The lectures will take place in room 1107 of the Yigit Okur building, the first building you
see when you enter from E2. For groupwork you can use empty classrooms on the same floor.

Lunch: Lunch will take place in the Cafeteria on the sea side part of the campus. The easiest way to
get there from the lecture building is using the tunnel.

Library: Library is open for participants. It is air-conditioned, has study areas and a nice
mathematics collection.



Abstracts

Notes and exercises will also be shared online at this folder.

Cluster Structures
Emine Yildirim, University of Leeds

Cluster algebras are in the nexus of many mathematical and physics phenomena such as total
positivity, configurations spaces, algebraic varieties, representation theory of algebras, integrable
systems in physics and many more. Briefly, cluster algebras are a class of commutative algebras
defined recursively forming clusters and certain exchange relations. Thus, they are very
combinatorial in nature. We will present the definition of cluster algebras and investigate some of

their connections to other fields in the series of talks.

We’ll follow Schiffler’s lecture notes on cluster algebras from a previous CIMPA event:

https://schiffler.math.uconn.edu/wp-content/uploads/sites/914/2019/03/LNCIMPA..pdf

Computer resources for cluster algebras:

Sagemath - Cluster Algebras (You can use a SageMath Cell server for a single computation, or use

cocalc website for larger projects. You can also install SageMath on your computer, it is free and

open-source.)

A compendum on the cluster algebra and quiver package in sage - Musiker, Stump

Quiver mutation in JavaScript - Keller

GAP - QPA (Quivers and Path Algebras) package



https://drive.google.com/drive/folders/1b9NN7XFXaNo0cH-vAkxUvR_QdkG_LKx5?usp=sharing
https://schiffler.math.uconn.edu/wp-content/uploads/sites/914/2019/03/LNCIMPA.pdf
https://schiffler.math.uconn.edu/wp-content/uploads/sites/914/2019/03/LNCIMPA.pdf
https://doc.sagemath.org/html/en/reference/algebras/sage/algebras/cluster_algebra.html
https://sagecell.sagemath.org/
https://cocalc.com/features/sage
https://doc.sagemath.org/html/en/installation/index.html
https://arxiv.org/abs/1102.4844
https://webusers.imj-prg.fr/~bernhard.keller/quivermutation/
https://docs.gap-system.org/pkg/qpa/doc/chap0.html

Combinatorics of Markov Numbers

Ezgi Kantarci Oguz, Galatasaray University

We will start by introducing the Markov Diophantine equation. We will see how to generate new
solutions from known ones via Vieta jumps and show all solution triples occur in the Markov tree
exactly once. We will introduce Frobenius’s Uniqueness conjecture and discuss partial process. Then
we will move on to different combinatorial models: Christoffel words, Cohn matrices, snake graphs,

lattice paths and posets. We will also look at connections to cluster algebras.

References

Main Reference:
[AIG100] Martin Aigner, Markov's Theorem and 100 Years of the Uniqueness Conjecture

Lecture 1:
L [AIG100] Part II - 3.1 Markov Triples

:Phillipp Lampe, Diophantine equations via cluster transformations (Part 2.1)
i Xueyuan Peng and Jie Zhang, Cluster algebras and Markoff numbers

Lecture 2:
L_I[AIG100] Part I - 1 Approximation of Irrational Numbers
L_[AIG100] Part I - 2 Markov’s Theorem and the Uniqueness Conjecture
tJames Enouen, What are the Markov and Lagrange Spectra?
_INiven, Zuckerman and Montgomery, An Introduction to the theory of Numbers.
Part 7: Simple Continued Fractions

Lecture 3:
L[AIG100] Part II - 3.2 Farey Tree
L_I[AIG100] Part IV - 7 Christoffel Words
_INiven, Zuckerman and Montgomery, An Introduction to the theory of Numbers.
Part 6: Farey Fractions and Irrational Numbers
L Ester Banaian and Archan Sen, A Generalization of Markov Numbers
2.1 Labeling Markov Numbers with Rational Numbers
:Ezgi Kantarc1 Oguz, Oriented posets, rank matrices and g-deformed Markov
numbers
:Ezgi Kantarc1 Oguz and Emine Yildirim, Cluster expansions: T-walks, labeled

posets and matrix calculations



https://arxiv.org/pdf/1602.01011
https://usherbrooke.scholaris.ca/server/api/core/bitstreams/818a39dc-d050-4173-9af1-bfa7087fd120/content
https://math.osu.edu/sites/math.osu.edu/files/What_is_2018_Markov_Lagrange_Spectra.pdf
https://editorialdinosaurio.wordpress.com/wp-content/uploads/2012/03/itn-niven.pdf
https://editorialdinosaurio.wordpress.com/wp-content/uploads/2012/03/itn-niven.pdf
https://arxiv.org/pdf/2210.07366
https://pdf.sciencedirectassets.com/271536/1-s2.0-S0012365X24X00114/1-s2.0-S0012365X2400387X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEJ7%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQDXFM5FECnihdG3gL2UumnKZFKUoKzGGxH1z7y%2Fs0UvWAIhAJ%2BjPZ%2BJaAAA7RZz1pAk7I8sC1y45f8iY4Uv3fFppgFwKrwFCOf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQBRoMMDU5MDAzNTQ2ODY1IgxmyeOyWIvMRnuI5OgqkAXTCsKvOd%2FnbLgcXYv0K59hiAX%2FSRZsDVSYU4%2BiDg2BGyGV9XyPUHp%2BihS2OMccjFZ6%2FXy2m2oWLf1d5%2FX2UPJ5JsXA69x8UkXI0Zt3F9KTLbMmu%2BCAWnPfDAFjIBBclZhARBz%2F2nIWjIDueTHqqBvOHOO4PI0MQ1qiWoJ8JZsMvKBKDLUO3QSNiNmYBYCHEFi7KZMT%2BdUvCex0Snd9kNNznXiINbwlcbxvwp8V9CRUQ3jmDmla%2B0kiiFIxkCaeblZnJFvcT834Lc5ARiNV8gYpyYlo5QobZEf0gdfVQ%2BOkvDlg0Jo6RfccquQYfcCnCbAJMvQQXJzrCJv%2Bxgc24hkqlPKLvgkv8d7jWVsuxB8Gn82hvQFweJOdHmXocAIW1mmqposm7YFJtH5OxjhliN%2B9zJ3L%2FS2zdCx7Sx6I0RsSSLXRoms4IwLo68srNZzrb54Wj%2Bn3lRIQXS7RuWmqPtNI90WXwAUZWqbyzNwvvsSwizfKj%2BNmsnSgxVgpOWioU1y7BWV8%2FptK3sgYRqx3Ta2mY26IFKhAHRJqGMFt%2BcToVMNE58jDMFdeNbQdzkk7Or7ndITxRgVVGWNWuLVTQk0Apu30iP%2F8nrfoNYFIc2CG6hoGgHZt1kUnfyrzrO7rNdYCaTadPLEiISIkq5KwwnpfCaLDvzXz2S%2BYXLt7lIiJwx6S0oPTO8%2F5cZfG3Cvy2FnBq66HGujRGNNtNG70iE0XmRxPonjB39Uz5%2FOkKr5q%2B3iHUWng92fZ6PgTBZOExKCChMsTjGiqoabA5LLQ8eX1MZo0TTIPqe5%2BM8WK5t0JefZSDWZoFSVUg5y232h0yopHRRip7NbvBu7s7b7IkWl8zLlmpyeUsk8%2Bycq1Wj29yTDN7ZrFBjqwAScgrNRFRv3NZ5wYiLBOLRs2%2FCiIL1LzUq108C10yf9OtgfHcoUINNYZYplofpS%2FZLgga%2BJj8VfpiHC6U1OWWnUNyDQ9SwPEIagdXgXKNph026WCskO%2BMF55GlSUPPnXilpt%2B0M3uJ9Vjq7v96CZtDibdOBB4i1QIQOvIYY1GJaHvX5%2FDM8Y0GBnriot%2BeSIh82LUYKdXnvQOrYykQRCvgmXhTBp7AYhqXHQQ5myuDAs&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20250821T074128Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY25TJVFCQ%2F20250821%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=dc0646a34a7114f194091763532d9dc671b48e208b9262a225c66f73bf37cd34&hash=4af10a0a6795e3edf8873755d1d319b9b35f9451e57fab0df5d726586d12acb1&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0012365X2400387X&tid=spdf-fe63511c-3338-4d9f-8d36-cba2fbd15801&sid=8fdcc45e1ce97944e63b80766d1a3fb2c92agxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0e1d5751555f5103050e&rr=97287cfa9ba5b66d&cc=tr
https://pdf.sciencedirectassets.com/271536/1-s2.0-S0012365X24X00114/1-s2.0-S0012365X2400387X/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEJ7%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJIMEYCIQDXFM5FECnihdG3gL2UumnKZFKUoKzGGxH1z7y%2Fs0UvWAIhAJ%2BjPZ%2BJaAAA7RZz1pAk7I8sC1y45f8iY4Uv3fFppgFwKrwFCOf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQBRoMMDU5MDAzNTQ2ODY1IgxmyeOyWIvMRnuI5OgqkAXTCsKvOd%2FnbLgcXYv0K59hiAX%2FSRZsDVSYU4%2BiDg2BGyGV9XyPUHp%2BihS2OMccjFZ6%2FXy2m2oWLf1d5%2FX2UPJ5JsXA69x8UkXI0Zt3F9KTLbMmu%2BCAWnPfDAFjIBBclZhARBz%2F2nIWjIDueTHqqBvOHOO4PI0MQ1qiWoJ8JZsMvKBKDLUO3QSNiNmYBYCHEFi7KZMT%2BdUvCex0Snd9kNNznXiINbwlcbxvwp8V9CRUQ3jmDmla%2B0kiiFIxkCaeblZnJFvcT834Lc5ARiNV8gYpyYlo5QobZEf0gdfVQ%2BOkvDlg0Jo6RfccquQYfcCnCbAJMvQQXJzrCJv%2Bxgc24hkqlPKLvgkv8d7jWVsuxB8Gn82hvQFweJOdHmXocAIW1mmqposm7YFJtH5OxjhliN%2B9zJ3L%2FS2zdCx7Sx6I0RsSSLXRoms4IwLo68srNZzrb54Wj%2Bn3lRIQXS7RuWmqPtNI90WXwAUZWqbyzNwvvsSwizfKj%2BNmsnSgxVgpOWioU1y7BWV8%2FptK3sgYRqx3Ta2mY26IFKhAHRJqGMFt%2BcToVMNE58jDMFdeNbQdzkk7Or7ndITxRgVVGWNWuLVTQk0Apu30iP%2F8nrfoNYFIc2CG6hoGgHZt1kUnfyrzrO7rNdYCaTadPLEiISIkq5KwwnpfCaLDvzXz2S%2BYXLt7lIiJwx6S0oPTO8%2F5cZfG3Cvy2FnBq66HGujRGNNtNG70iE0XmRxPonjB39Uz5%2FOkKr5q%2B3iHUWng92fZ6PgTBZOExKCChMsTjGiqoabA5LLQ8eX1MZo0TTIPqe5%2BM8WK5t0JefZSDWZoFSVUg5y232h0yopHRRip7NbvBu7s7b7IkWl8zLlmpyeUsk8%2Bycq1Wj29yTDN7ZrFBjqwAScgrNRFRv3NZ5wYiLBOLRs2%2FCiIL1LzUq108C10yf9OtgfHcoUINNYZYplofpS%2FZLgga%2BJj8VfpiHC6U1OWWnUNyDQ9SwPEIagdXgXKNph026WCskO%2BMF55GlSUPPnXilpt%2B0M3uJ9Vjq7v96CZtDibdOBB4i1QIQOvIYY1GJaHvX5%2FDM8Y0GBnriot%2BeSIh82LUYKdXnvQOrYykQRCvgmXhTBp7AYhqXHQQ5myuDAs&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20250821T074128Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY25TJVFCQ%2F20250821%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=dc0646a34a7114f194091763532d9dc671b48e208b9262a225c66f73bf37cd34&hash=4af10a0a6795e3edf8873755d1d319b9b35f9451e57fab0df5d726586d12acb1&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0012365X2400387X&tid=spdf-fe63511c-3338-4d9f-8d36-cba2fbd15801&sid=8fdcc45e1ce97944e63b80766d1a3fb2c92agxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0e1d5751555f5103050e&rr=97287cfa9ba5b66d&cc=tr
https://pdf.sciencedirectassets.com/272332/1-s2.0-S0021869325X00041/1-s2.0-S0021869325000535/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEKD%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIG9wAA8u78XEsYH4zEafdW%2FPxnqsPgujyQ1aPaXjqkr6AiEAkdThouahdUp3cf%2F3hp37U48B3iGV9e%2FXiWP68iz%2BEXkquwUI6P%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDHm4yTb8kKBDkmBgeSqPBZcyovNnw9T%2BozRgIMaNUhL19Mlw3RcDiBL6Q%2FVAImCDhz91jCSqBJWK0jkI1W5cq2k0R%2Fc4O4gR6xuE2fBzqPiJtEwkJYgEd6%2F6tBVp%2F%2BIN%2BKA7oL2DebqjK3x0h3avi%2F8uNao4y7uBhX%2BOhrxgHfvQKlOHJKhtf%2FMZvjPpJjipt4lHR7UNGbtF5YUfyN9JK%2FFdBxrZpsPqcyKIUUKYewyIqIwHcOCJeV2CAKpEmOpwgDV8%2F04X%2FTzun8SfIvLZNwkivu8l4DLBZ%2B6HxLAr2da4eOgFqgxyXhvHnKtU0vgGD0RMkknmI2HPEIFYMBHQS%2FJqzu82SnfN5whS5zy2qCADLCp%2BOwH7SvzGLHQjwqQxECY5YgmEpGjulsgoK8mjJmYdarYny4NvHkPzqELEPB8ynUZD2pXy0AyzTFM%2Be4%2F6x2BlFXnT29Dk%2FwZ2CXMMHIWvdITXinUO5tOTn4bUuIPSFd6NbaKAW2t1GOaziPfPWoGL2s9BcpYpIUeOBddcRyNakQOhzSU6dlf6iqMd9oyldgBX%2FBhbnf9vqHCa%2BTR%2FLSvpzH7jtaDeVvEA%2Bt08JqyhnnIhXe5pbt4K0uYHzttSIVDgBYa%2F50vhC0UgoOkXveDM%2BhHR6VYLhSIwWp0K3%2FPaKjnAdwgSWWl%2FRnwjGCBWHhr0JBNzP%2BAga9T4MvoQ05IZYvpyQztstvctqDVVzaYUBhW3%2FS0pqAIk4zKQnJ11n280NZEUYfhaah1ATkLOEA6ZPWQ%2FNYcm%2FDzxJt%2FMO6kWiHcRsy81pp5ssGtX50%2BQCXPlHU4N4KJntTVQ7adKQHhrCMofadOggeiyV%2Fb6yphoJfXjCwrdBkQbGDzzFMVyfFLuivu1p3KBFkkV08EwlIqbxQY6sQHZPQInhMGvhwXa1aS4ycA8BF3xSf9FZPOuAGWYhIP%2BWd9bxTiEkJw48HaFP%2FDAzfmZh%2FOx5o0pksBy2fL36XLpsuBcbkccmy2Eh%2FRBO6c%2BImXdslRZ9RnNQkO7RgX40DIAoWtH4QFVpkkmYymNhCu%2BZAwbWef%2BBOLZDjfmrWyXdyFvnZJmtRCq%2FOAWGpThKqwQKgHTNHnFd3soP9yEskh0WbkneVTj7qwrlYCyFAzHVSc%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20250821T074412Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYSSEWTL7K%2F20250821%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=cb621f2b239ee73b69c580b0a96868e272787c5f8171cc931401f341ddbd5358&hash=6c0de8b24775b7c7998e3e132fa9bd05fd5cbc98da882fba411589396ebcfc0f&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021869325000535&tid=spdf-770f85c4-864b-4a31-a0e7-3f2ce8a6582d&sid=8fdcc45e1ce97944e63b80766d1a3fb2c92agxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0e1d5751555f5e50050e&rr=972880faed29b65e&cc=tr
https://pdf.sciencedirectassets.com/272332/1-s2.0-S0021869325X00041/1-s2.0-S0021869325000535/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEKD%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIG9wAA8u78XEsYH4zEafdW%2FPxnqsPgujyQ1aPaXjqkr6AiEAkdThouahdUp3cf%2F3hp37U48B3iGV9e%2FXiWP68iz%2BEXkquwUI6P%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDHm4yTb8kKBDkmBgeSqPBZcyovNnw9T%2BozRgIMaNUhL19Mlw3RcDiBL6Q%2FVAImCDhz91jCSqBJWK0jkI1W5cq2k0R%2Fc4O4gR6xuE2fBzqPiJtEwkJYgEd6%2F6tBVp%2F%2BIN%2BKA7oL2DebqjK3x0h3avi%2F8uNao4y7uBhX%2BOhrxgHfvQKlOHJKhtf%2FMZvjPpJjipt4lHR7UNGbtF5YUfyN9JK%2FFdBxrZpsPqcyKIUUKYewyIqIwHcOCJeV2CAKpEmOpwgDV8%2F04X%2FTzun8SfIvLZNwkivu8l4DLBZ%2B6HxLAr2da4eOgFqgxyXhvHnKtU0vgGD0RMkknmI2HPEIFYMBHQS%2FJqzu82SnfN5whS5zy2qCADLCp%2BOwH7SvzGLHQjwqQxECY5YgmEpGjulsgoK8mjJmYdarYny4NvHkPzqELEPB8ynUZD2pXy0AyzTFM%2Be4%2F6x2BlFXnT29Dk%2FwZ2CXMMHIWvdITXinUO5tOTn4bUuIPSFd6NbaKAW2t1GOaziPfPWoGL2s9BcpYpIUeOBddcRyNakQOhzSU6dlf6iqMd9oyldgBX%2FBhbnf9vqHCa%2BTR%2FLSvpzH7jtaDeVvEA%2Bt08JqyhnnIhXe5pbt4K0uYHzttSIVDgBYa%2F50vhC0UgoOkXveDM%2BhHR6VYLhSIwWp0K3%2FPaKjnAdwgSWWl%2FRnwjGCBWHhr0JBNzP%2BAga9T4MvoQ05IZYvpyQztstvctqDVVzaYUBhW3%2FS0pqAIk4zKQnJ11n280NZEUYfhaah1ATkLOEA6ZPWQ%2FNYcm%2FDzxJt%2FMO6kWiHcRsy81pp5ssGtX50%2BQCXPlHU4N4KJntTVQ7adKQHhrCMofadOggeiyV%2Fb6yphoJfXjCwrdBkQbGDzzFMVyfFLuivu1p3KBFkkV08EwlIqbxQY6sQHZPQInhMGvhwXa1aS4ycA8BF3xSf9FZPOuAGWYhIP%2BWd9bxTiEkJw48HaFP%2FDAzfmZh%2FOx5o0pksBy2fL36XLpsuBcbkccmy2Eh%2FRBO6c%2BImXdslRZ9RnNQkO7RgX40DIAoWtH4QFVpkkmYymNhCu%2BZAwbWef%2BBOLZDjfmrWyXdyFvnZJmtRCq%2FOAWGpThKqwQKgHTNHnFd3soP9yEskh0WbkneVTj7qwrlYCyFAzHVSc%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20250821T074412Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYSSEWTL7K%2F20250821%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=cb621f2b239ee73b69c580b0a96868e272787c5f8171cc931401f341ddbd5358&hash=6c0de8b24775b7c7998e3e132fa9bd05fd5cbc98da882fba411589396ebcfc0f&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021869325000535&tid=spdf-770f85c4-864b-4a31-a0e7-3f2ce8a6582d&sid=8fdcc45e1ce97944e63b80766d1a3fb2c92agxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0e1d5751555f5e50050e&rr=972880faed29b65e&cc=tr

Extra References:
Website about resources on Markov Numbers:
https://www.maths.dur.ac.uk/users/anna.felikson/Projects/markov/markov-res.html

On g-Deformations of Markov Numbers:

—:Kogiso, $g$-Deformations and $t$-deformations of Markov triples
:Leclere and Morier-Genoud, g-deformations of the modular group and of the

real quadratic irrational numbers

On generalizations of Markov Numbers:

:Yasuaki Gyoda, Positive integer solutions to
$(x+y) 2+H(y+2) 2 +H(z+x)"2=12xyz$- Gyoda

:Gyoda and Matsushita, Generalization of Markov Diophantine equation via

neralized cluster algebra-

:Gyoda and Maruyama, Uniqueness theorem of generalized Markov numbers
that are prime powers-Gyoda, MaruyamaCluster algebraic interpretation of

generalized Markov numbers and their matrixizations
:Banaian and Gyoda, Cluster algebraic interpretation of generalized Markov
numbers and their matrixizations

Analysis on what percentage of the Markov Conjecture is solved:
iBrandon John Metz, Comparison of Recent Results on the Unicity Conjecture

of the Markoff Equation



https://www.maths.dur.ac.uk/users/anna.felikson/Projects/markov/markov-res.html
https://arxiv.org/abs/2008.12913
https://arxiv.org/abs/2101.02953
https://arxiv.org/abs/2101.02953
https://arxiv.org/abs/2109.09639
https://arxiv.org/abs/2109.09639
https://arxiv.org/abs/2201.10919
https://arxiv.org/abs/2201.10919
https://arxiv.org/abs/2312.07329
https://arxiv.org/abs/2312.07329
https://arxiv.org/abs/2507.06900
https://arxiv.org/abs/2507.06900
https://oasis.library.unlv.edu/thesesdissertations/2389/
https://oasis.library.unlv.edu/thesesdissertations/2389/

Representation theory of quivers

Francesca Fedele, University of Leeds

Any finite dimensional algebra over an algebraically closed field k corresponds to some directed
multigraph, called a quiver, with relations. Conversely, starting with a quiver, one can construct an
associative (unitary) k-algebra, that is finite dimensional under certain assumptions. This approach to
studying the representation theory of algebras is very powerful as it gives ways to visualise algebraic
structures using combinatorial methods.

In this series, we will explore this connection and the link between the representations of quivers and

the modules of the corresponding algebras. We will also relate these constructions to some of the

topics discussed in the other series of talks, such as mutation of quivers in cluster algebras.

Francesca’s Lecture Notes

Helpful References:
I. Assem, D. Simson and A. Skowronski (2006) “Elements of the Representation Theory of
Associative Algebras: Techniques of Representation Theory”, Cambridge University Press.

R. Schiffler (2014) “Quiver representations”, Cham: Springer.


https://drive.google.com/file/d/14e6YJsMg-zH0d58DM0HayY6cSnvOJoIF/view?usp=sharing

Combinatorics of g-deformations

Kagan Kursungoz, Sabanci University

A g-deformation of a formula is a way to introduce a new variable to the formula where we can

recover the original by setting q to a predetermined value. In this series of lectures, we will start with
introducing the classical q-deformation for integers. We will discuss their properties and applications
in counting. We will also look at cases where the power of q denotes a particular statistic, such as the

area under a lattice path.

Helpful Reference: Gasper, G. and Rahman, M., 2004. Basic hypergeometric series



Quantum Groups

Léa Bittmann, Université de Strasbourg

Quantum groups were introduced in the 70s to build non trivial solutions to the Yang-Baxter
equation (also called the braid relation - the relation between consecutive permutations in the
symmetric group). These objects have since then grown into their own subject of research, with
many applications in different area of mathematics. One of these applications is directly linked to the
original construction: because representations of quantum groups satisfy the braid relation, they can
be represented using tangle diagrams. As a further application, they can be used to compute knot

invariants, and so help answer the question: can this knot be unknotted?

We’ll closely follow these references:

Kassel, Christian, Rosso, Marc, Turaev, Vladimir, Quantum groups and knot invariants, Société

Mathématique de France, 1997, in open access at

https://smf.emath.fr/publications/quantum-groups-and-knot-invariants .

Kassel, Christian, Quantum groups, Grad. Texts in Math., 1995.


https://smf.emath.fr/publications/quantum-groups-and-knot-invariants

Frieze Patterns

Matthew Pressland, Université de Caen- Normandie

Frieze patterns were introduced and developed by Coxeter and Conway in the 80s, who presented
them as a kind of combinatorial game, whereby the player attempts to fill a grid with positive
integers obeying certain rules. It turns out, however, that frieze patterns appear naturally in a range of
mathematical problems from a number of different areas. For example, in geometry, a frieze pattern
represents a positive integer valued point in a decorated Teichmiiller space, or in the totally positive
Grassmannian. In representation theory, the entries in a frieze pattern count submodules of quiver
representations. In this series of lectures, we will look at some of these different interpretations of

frieze patterns and the connections between them.

Matthew’s notes from a previous course on friezes: https://arxiv.org/abs/2010.14302
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https://arxiv.org/abs/2010.14302

Opening Talk: Codenominator and quantizations of real numbers
Muhammed Uludag, Galatasaray University

We will introduce the codenominator function F that extends the Fibonacci sequence to the index set
of positive rational numbers, and show that one can express Dyer’s outer automorphism of PGL(2,
Z) in terms of F. This automorphism can be viewed as an automorphism group of the trivalent tree.
The real equivariant modular function Jimm (J) on the real line is defined via the codenominator. J
relates the Stern-Brocot tree to the Bird tree. Jimm induces an involution of the moduli space of
rank-2 pseudolattices and is related to the arithmetic of real quadratic irrationals. Finally, we will
explain how J is related to the quantizations of real numbers recently found by Morier-Genoud and
Ovsienko and introduce a new conjugate pair of quantizations discovered recently by Mustafa
Topkara.

11



Contributed Talks

Cluster algebras and their connections with discrete integrable systems

Saeideh Noori, Institute for Advanced Studies in Basic Sciences, Iran
Discrete integrable systems can be studied from the perspective of cluster algebras. To this
end, particular reductions can be applied to the discrete independent variables of the discrete
system so that the resulted system can be represented as a cluster algebra. Associating a
Poisson bracket to this cluster algebra, its Liouville integrability can be evaluated. In this talk,
I will present examples of such a system.

Quantized symmetries of the real projective line

Perrine Jouteur, Université de Reims Champagne-Ardenne
Quantum analogues of real numbers were introduced recently by Morier-Genoud and
Ovsienko, using a g-deformed action of the modular group on the projective line. I will
present their construction and give additional symmetries of this quantized real projective
line.

Generalized Markov Numbers

Hiisnanur Giindogdu, Galatasaray University
What happens if we modify the Markov Diophantine equation? Can we still obtain a similar
structure? In this talk, we will discuss the generalization of the Markov equation and try to
extend related concepts.

From playing Hex to folding a sheet of paper.

Lucas Toury, Université de Strasbourg
Hex is a board game whose rules are disconcertingly simple, but there is a fundamental
property of this game: in the end, there is always a winner. As surprising as it may seem, this
impossibility of a draw has profound topological consequences. In this talk, we propose to
demonstrate Brouwer's fixed point theorem in dimension 2 via the game of Hex. It is this
same theorem which states that when you crumple a sheet of paper and crush it in its former
place, at least one point on the sheet returns to its original position.

12



Visiting Istanbul

Public Transportation: Istanbul has a large public transportation network with buses, metro lines
and ferries. Public transport can be paid via credit card (contactless payment) or the public
transportation card “Istanbulkart”. Using the public transportation card is a better option as it is
slightly cheaper and you get transit discounts. You can buy one from the machines and fill it up using
cash or credit card.

Finding an empty cab can be difficult on the street, and we do not have Uber. The best way to call a
cab is to use the BiTaksi app on your phone.

Things to try: Brewed Turkish tea is a staple of Turkish life: households, work places, restaurants...
There is complimentary Turkish tea after most meals, and you can even be offered tea in shops.
Turkish coffee is also a part of daily life, people tend to drink one a day as it is strong and bitter.
(Sahlep and boza are other specialty drinks but they tend to be served in winter). Turkish delight and
roasted chickpeas (leblebi) are good things to try.

Foodwise, we have the east-southeast Anatolian cuisine with lots of meat kebabs, the Aegean side
has a lot of olive oil based and vegetarian options, the Black Sea cuisine with a lot of fish based
(anchovis) dishes, middle Anatolian cuisine based on grains and vegetables, etc.

Money Exchange: There are money exchange spots in both Besiktas and Ortakdy that you can visit.
1 Euro is worth about 47 TRY at the moment, you can check the current exchange rates from your
phone. Popular tourist destinations may also accept foreign currency, but the exchange rates may be
unfavorable. If a shop or restaurant lists prices in Euro, that is generally a red flag that they are
overpriced.

Safety: Galatasaray University lies between Besiktas and Ortakdy, two hubbubs of activity. It tends
to be crowded at all hours. Coffee places and shops open early and stay open till about 10 pm. Many
restaurants and bars stay open into the night. As it never gets deserted, there are always people to
help if you need help and police presence is nearby, so serious issues are unlikely. Be vary of
pickpockets and take care of your belongings.

In popular tourist destination spots, there are also aggressive salespeople who might try to sell you
overpriced things on the street or bring you to their shop. Try to limit your shopping to reputable
looking shops.
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About MaNuCoCa

The Summer School on Markov Numbers and the Combinatorics of Cluster Algebras is hosted by

Galatasaray University in collaboration with Université de Strasbourg.

The school is funded by:

CIMPA Asian and European Schools in Mathematics Program (AESIM)

Le Consortium des Universités francaises et Grandes écoles en coopération pluriannuelle

avec ['Universite Galatasaray

Tiibitak 1001 Grant #123F121.

Scientific Committee

Emine Yildirim, International Center for Mathematical Sciences - Sofia
Ezgi Kantarci Oguz, Galatasaray University

Francesca Fedele, University of Leeds

Léa Bittmann, Université de Strasbourg

Matthew Pressland, [’'Université de Caen- Normandie

Organizing Committee

Ezgi Kantarci Oguz, Galatasaray University
Léa Bittmann, Université de Strasbourg
Hasan Mert Yilmaz, Galatasaray University
Hiisnanur Giindogdu, Galatasaray University
Can Ozan Oguz, Galatasaray University
Emine Yildirim, ICMS Sofia

Useful Links

School Website: https://sites.google.com/view/manucoca/

Lecture Notes, References and Exercises: B Lecture Notes and Question Sheets
Conference Info Booklet: W About MaNuCoCa.docx

General Emergency Number for Turkey: 112
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https://drive.google.com/drive/folders/1b9NN7XFXaNo0cH-vAkxUvR_QdkG_LKx5?usp=sharing
https://docs.google.com/document/d/1jB22C-OyFTSV8GDvSSsP56ZV6mr9s7vd/edit?usp=drive_link&ouid=105318252195535006259&rtpof=true&sd=true
https://www.cimpa.info/en/node/6676
https://consortiumgalatasaray.fr/
https://consortiumgalatasaray.fr/
https://sites.google.com/view/markovsayilari
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