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Basics

• Domination, a fundamental concept in Graph Theory, seeks to 
control a network by strategically positioning a minimal set of 
“domineering” elements.
• Dominating sets are important for large-scale scheduling as well 

as e?icient resource allocation.
• The algorithm to determine the dominating set of a graph is found 

to be NP-hard. 
• The complexity of an algorithm refers to the amount of 

resources(such as time or memory) required to solve a problem or 
perform a task.



• The classical bound in complexity so far in a minimum dominating 
set is 𝑂(1.5137)!

• This was discovered by Van Rooji, Nederlof J and  Van Djik [5] in 
2009.
• We have many advances since then, with many algorithms being 

tailor -made to find minimum dominating sets for Ad-hoc 
networks[7], for specific kinds of massively parallel 
architectures[8] etc.
• One approach is to make the NP complete problem fixed 

parameter tractable.



• A problem is called fixed - parameter tractable if it can be solved in 
𝑓 𝑘 𝑛" # for an arbitrary function f which depends only on k. 
According to the theorem of parametrized complexity, it is very 
unlikely that minimum dominating sets are fixed-parameter 
tractable.
• However planar dominating sets are found to be fixed- parameter 

tractable[2] and the complexity which was found to be 𝑂(11$𝑛)
(where  n is the number of vertices) was improved to 𝑂(𝑐 𝑘)! for 
some constant c.



A minimum connecting dominating set (MCDS) is essential for a wireless 
sensor network to conserve its energy and send messages in an 
optimized way. 
Using pseudo dominating sets, an MCDS[7] was constructed by first 
constructing a pseudo dominating set (PDS), then by an improved 
Steiner Tree construction technique, the nodes of PDS are connected 
after which we remove redundant vertices and then we arrive at an 
MCDS. 
The message and time complexity of this algorithm is O ( n )
and O ( D ) respectively, where n is the network size, D is
the network diameter and is the maximum degree of all the nodes.
The performance ratio of this algorithm is (4 . 8 + ln 5) |opt| + 1 . 2, 

where | opt | is the size of any optimal CDS.



New Break through

• There is now a biomolecular and quantum algorithm discovered in 
2023 for finding the dominating set in arbitrary networks and that 
now claims to have the best complexity known to man.
• The complexity of this algorithm is 𝑂(2!/&) quantum gates, where n 

is the number of vertices of G.
• This has been tested on quantum simulators like the IBM quasm

simulator and the Brooklyn(a 65 qubit system).



Question(s)
• Given that, all the different approaches to finding minimum dominating 

set, have been ”compromising” on one aspect or the other, and what 
works for one kind of system may not work for another, is the “tailor-
made” domination algorithm the way to go forward, or should another 
approach be thought of? 
• Since we now have quantum computing also entering into the realm of  

MDS algorithms, the quantum solutions that are promised are vastly 
improved when compared to traditional solutions, are we to abandon 
the usual methods?
• Mathematicians and Computer scientists have been constantly trying 

to reduce the complexity of MDS algorithms. Is there a lower bound 
that can be established which says, that the complexity cannot be 
improved further?
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