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Data Optimization for Instrumentation Physics, 
Food Security, and Energy Sustainability. 
How About AI?

Under the theme:

Graph covering...
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There is a bijection 
between the neighbors of 
corresponding vertices.

Covering graph

Base graph

projection

A huge graph covers a small graph…

What can we say about a huge graph, 
looking only a small graph?

𝜋ଵ(𝐺) by methods in algebraic topology

Approach to big data analysis using topological graph theory / iCOR4.0, 2019      
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Planar Cover Conjecture 1986

If a connected graph G has a finite planar covering, 
then G can be embedded on the projective plane.has a 2-fold planar covering.
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2-fold covering

Graph Covering Trilogy

• Another approach to Planar Cover Conjecture 
focusing on rotation systems
to appear in J. Math. Soc. Japan (2023)

• Note on graph coverings with voltage assignments
Yokohama Math. J. 68 (2022), 109‐126. 

• Composite coverings of graphs and cryptography
preprint 2023.
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:  (2,2)-composite

Composite coverings
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:  (m,k)-composite

𝐺෨஺

1

1

2

2

3
3

4

4

5

5 6

6

7 7

8

8

2-fold
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k-fold

km-fold

m-fold

Intermediate doble coverings

If m is an odd number, then (m, 2)-composite 
covering has a unique double coverings, up to 
equivalence.

Theorem 1

𝐺෨

𝐺෨஺ 𝐺෨஻ 𝐺෨஼ ・・・

𝐺

“Does G cover H ?” is NP-complete.

Bodlaender 1989
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⊃ 𝑇: spanning tree

crypto-
graphy

(Negami 2023)
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Vision of creation, 

continuing to the future

Thank you for your attention.
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