




Thursday, August 10, 2023 
 

         
École de technologie supérieure

Département de génie électrique
1100, rue Notre Dame Ouest

Montréal (Québec) Canada H3C 1K3
Téléphone : 514 396 8829 

SUBJECT: Letter of invitation for collaboration  
 

Dear Dr. Raja Karmakar  

It is my pleasure to initiate joint collaborative research between the Department of Computer 

Science and Engineering, Heritage Institute of Technology, Kolkata, India, and my team. Our focus 

lies in the broad domain of the implementation of artificial intelligence techniques in beyond 5G 

networks. In this context, we invite a team from your department to join us as researchers for 

one year, starting September 1, 2023. The collaboration can be initiated remotely, allowing your 

team to work from India. This collaboration is voluntary in nature.  

I am looking forward to working with you.  

Sincerely, 

 
  
 
 
Professor Georges Kaddoum 
Department of Electrical Engineering  
École de Technologie Supérieure 
1100, rue Notre-Dame Ouest Montréal (Québec) H3C 1K3 Canada 
Email: georges.kaddoum@etsmtl.ca  
Phone: 514 396-8923, Fax: 514 396-8684 
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Abstract. Finding the minimum and the maximum densities for axes-parallel squares, cubes, and 
hypercubes, cast in the integer space, is an important problem in the domain of digital geometry. 
In this work, we study different variations of this problem and solve a number of them. 
Interestingly, the extremum values for integer sizes sometimes differ from those for real sizes, 
and hence, we have studied and analyzed them separately. Further, the results and proofs in 2D 
readily extend to higher dimensions, and hence we could get simple-yet-novel theoretical results 
for the extremum densities for l∞-balls in general. As ‘density’ provides a measure of how a set of 
points bounded by a region is relatively more concentrated or sparse, it has applications in 
image analysis, social networking, complex networks and related areas, apart from different 
branches of physical science. Hence, our results are fundamental in the understanding of locating 
the density minima and maxima in a discrete space of an arbitrarily large dimension. 

Keywords: Digital square • Digital Cube • Digital Hypercube • Digital geometry • Pixel density • 

Geometry of numbers 

1 Introduction 

In the domain of discrete and computational geometry, acquiring the knowledge of a particular fact 
is of paramount importance – how dense or how clustered a specific set of points is, compared to a 
given set within a given shape or region. It has been easily noticed in the domain of Social 
Networking and Complex Networks which got established as some of the mostly popular areas 
recently. 

1.1 Existing work 

In 2D, ‘Density of points’ of an unweighted set of points is expressed as the number of points per unit 
area [11]. In case of a weighted set of points, it is the sum of the weights divided by the area of that 
region. Later Basu et al. [3] proposed algorithms for finding maximum- and minimum-density 
regions for higher dimensions. In the domain of digital geometry, quite a handful of work [7,10,12, 
13] has been done related to digital discs and digital balls defined on square or non-square grid. 
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