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Magic Labeling: 
Open Problem and 
Conjecture



Distance in Graph

The distance of two vertices u and 
v is the length shortest path 
connecting u and v. 

The greatest distance between two 

vertices in G is the diameter of 
G.



Distance Magic 
Labeling



Smallest Distance Magic 
Graphs



Application

New York Times, 3 February 2001

Designing incomplete 
tournaments
• a fair incomplete 
tournament, 

• an equalized 
incomplete 
tournament, or 

• a handicap 
incomplete 
tournament



Equalized Incomplete 
Tournament
A fair way to schedule a tournament is to create a 
round-robin, where each team plays every other team 
once. However, playing that many games is not always 
possible. Thus, we need a fair way of scheduling when 
not all of the games from the round-robin can be 
played. 

In order to be fair, each team should play the same 
number of teams and the difficulty of the schedule for 
each team should mimic the difficulty of playing the 
entire round-robin tournament. 

To assist with considering the difficulty of each 
team’s schedule, rank the teams from strongest to 
weakest so that the strongest team has rank 1.

Define the strength of the i-th ranked team as sn(i) = n + 
1 − i. 

An equalized incomplete tournament of n teams with r 
rounds, EIT(n,r), is a tournament in which every team 



Equalized Incomplete 
Tournament 
of 6 Rounds for 12 Teams



Theorem Vilfred (1994) Miller, Rodger, 
RS (2003)

The complete symmetric multipartite 

graph Hn,p with p parts and n vertices in 
each part, has a distance magic 

labeling if and only if either n is 
even or both n and p are odd. 

Distance Magic Regular 
Complete Multipartite 
Graphs



Distance Magic 
Complete Multipartite 
Graphs



with Chris Rodger (Auburn) and Mirka Miller † (Newcastle)



Let G be a nontrivial distance magic 
graph of order n with distance magic 
labeling f and magic constant k.

Observation k  n.

Theorem Vilfred (1994) 

k = n if and only if G ≈ P3 or G ≈ P3  tC4.

Theorem Jinnah (1999) 

k = n + 1 if and only if G ≈ tC4.

Theorem Arumugam, Kamatchi, Kovar (2016)

There is no distance magic graph with k = 
n + 2.

For any odd integer k ≥ 3, there exists a 
distance magic graph with magic constant 

Magic Constant



Embedding

Vilfred (1994) 

Every graph is a subgraph of a distance 
magic graph

Acharya, Rao, Singh & Parameswaran (2004)

Every graph is an induced subgraph of a 
regular distance magic graph

Rao, Singh & Parameswaran (2004)

Every graph H is an induced subgraph of an 
Eulerian distance magic graph G where the 
chromatic number of H is the same as G

There is no forbidden subgraph 
characterization for distance magic graphs



Distance Magic Graphs 
are Rare
Catalogue of distance magic graphs up to 9 

vertices. Yasin & RS (2015)

n # non-isomorphic 
graphs

# non-isomorphic 
distance magic 

graphs

1 1 1

2 2 1

3 4 2

4 11 2

5 34 2

6 156 2

7 1044 4

8 12346 6

9 275668 6
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Spectrum of Regular 
Distance Magic Graphs



with Aholiab Tritama (Deakin), Yeva Ashari (ITB), and Palton Anuwiksa (ITB)



Two Questions









Question

with Hajime Tanaka (Tohoku) and Akihiro Munemasa (Tohoku)





Group Distance Magic 
Hypercubes

Duluth, 6 October 2018



with Jiangyi Qiu (UMass Amherst), Sylwia Cichacz 
(AGH Krakow), and Dalibor Froncek (UM Duluth)
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