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APPLICATION OF MATRICES IN BASIC SCIENCES

AND TOMOGRAPHY




Gale-Ryser’s Theorem

Consider a matrix A,,«, With integer elements. We denote the
sum of the i-th row by r; and the sum of the k-th column by s;.
The vector R = (1¢,7>,...,Ty,) is called row sum vector, and the
vector S = (5¢,52,...,S8,) is called column sum vector. If T is the
sum of all members in A4, it is clear that

— \'m — n
T=Li=1" = Lk=15-




In 1957, Gale and Ryser each independently, discovered and

proved the following theorem for (0, 1) —matrices. We state and

prove a more general theorem in here that Gale-Ryser’s Theorem

will be a special case (¢ = 1) of this theorem.




Theorem

Let R = (rq{,75,...,7;) and S = (5¢,S5,...,5,) be two vectors with non-
negative integer elements, and also let ¢ be a positive integer, A necessary
and sufficient condition for the existence of a matrix A which has the row
sum vectors R and the column sum vectors S, respectively, and its entries

are non-negative integers but not greater than c, is as following

L T=2i21Ti = Xk=15k
i. ForeverypairofsetsI C M ={1,2,--- m}and K< N ={1,2,--- ,n}
DierTi + Xrex Sk < T+ c|I||K]|.




This theorem has a very wide applications in x-ray (two-dimensional)
tomography. See reference [1]

https://link.springer.com/book/10.1007/978-0-8176-4543-4

There is an introduction in [2]

https://www.math.leidenuniv.nl/~tijdemanr/DiscTom.pdf



https://link.springer.com/book/10.1007/978-0-8176-4543-4
https://www.math.leidenuniv.nl/~tijdemanr/DiscTom.pdf

Question

An attempt to generalize the Gale-Ryser’s Theorem.
Gale-Ryser’s theorem may be generalized to higher dimensions.

For example, we consider a three-dimensional matrix (m X n X p).
There are three vectors T, S, R to represent the sum of the poles

along the coordinate axes.

(x-poles) R = (14,1




It can be shown that the necessary condition to existence of a three-
dimensional matrix that has the vector sum of x-poles (R), the vector
sum of y-poles (S), and the vector sum of z-poles (T), respectively, is
that the Gale-Ryser’s Conditions are satisfied for each of the planes

being cut in a peoper way.

Finding The necessary and sufficient conditions for this problem

are still open.




Motivation to Generalization of Gale-Ryser Theorem

Various generalizations of the above theorem are given in the above book
[1]. Of course, we haven't seen that "poles" idea yet. This question is
within the understanding of undergraduate students and even high
school students, for example, ninth grade and above. And it is a good
motivation to draw their attention to unsolved problems in mathematics
and it’s applications. My experiences of working with undergraduate
students, and even high school students like Maryam Mirzakhani and

Mohammad Mahdian, is an incentive to organize a workshop in this field.




Representation of Explanations about the
Following

Mojtaba Shakoori

Research problem for “ teaching mathematics”: Methods of
research

Research on present status of Maryam Mirzakhani-
Mahmoodian’s Problem in graph theory, see [3]




Representation of Explanations about the
Following

« Research on present status of problems in Mathematics of
Sudoku, problems of Silver Matrices. proposed by Mohammad
Mahdian and Mahmoodian see [3]

https://fa.ims.ir/2024/04/02/%D8%AE%D8%A8%D8%B1%D9%86%D8%A7%D9%85%D9%87-
%D8%A7%D9%86%D8%AC%D9%85%D9%86-



https://fa.ims.ir/2024/04/02/%D8%AE%D8%A8%D8%B1%D9%86%D8%A7%D9%85%D9%87-%D8%A7%D9%86%D8%AC%D9%85%D9%86-
https://fa.ims.ir/2024/04/02/%D8%AE%D8%A8%D8%B1%D9%86%D8%A7%D9%85%D9%87-%D8%A7%D9%86%D8%AC%D9%85%D9%86-

Research on present status of Maryam Mirzakhani-Mahmoodian’s Problem
in graph theory, see [3]

Example of 3-cycle or triangle in
decomposition of complete 3-partite
graph

Example of 5-cycle in decomposition
of complete 3-partite graph




Research on present status of problems in Mathematics of Sudoku, problems
of Silver Matrices. proposed by Mohammad Mahdian and Mahmoodian see[3]

For example, Sudoku is also such a
problem

Ad4x4 Sil\l(er matrix:

8 1
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