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Abstract
Classification of planar unit-distance graphs with up to 9 edges, by homeomorphism and 
isomorphism classes. With exactly nine edges, there are 633 nonisomorphic connected 
matchstick graphs, of which 197 are topologically distinct from each other. Increasing 
edges’ number, their quantities rise more than exponentially, in a still unclear way.

1. Introduction
Two remarkable classes of graphs are planar graphs and unit distance graphs. Their intersection, 
that is the class of the planar graphs drawable using edges of unitary length, has been defined as the 
“matchstick graphs” class[1].
It is an NP-hard problem to test if a given graph can be represented as a matchstick graph (Eades, 
Wormland 1990 [2]; Cabello et al. 2007 [3]), and no formulas are known to determine how many 
distinct matchstick graphs exist for a given number of edges.
The problem of finding the number of topologically distinct matchstick graph with n edges is 
known as the “match problem” (Gardner 1969 [4]). R. Read (1968 [5]) solved the problem for n=8, 
reporting also the total number of matchstick graphs –up to isomorphism- with 7 and 8 edges.
Here are listed all the distinct matchstick graphs with less of 10 edges, grouped by topological 
equivalence.

2. Overview
Table 1 summarizes the number of non-homeomorphic and non-isomorphic 
connected planar unit distance graphs. For a quicker referring, henceforth 
will be assumed the following definitions:

Definition 2.1. Given a nonnegative integer n, ϙ (n) indicates the number of 
distinct connected matchstick graph, up to topological homeomorphism, 
with n edges.
Definition 2.2. Given a nonnegative integer n, ϸ (n) indicates the number of 
distinct connected matchstick graph, up to isomorphism, with n edges.

So far, the first 8 terms of both sequences have been known [6]. Here are 
first showed the values of ϙ(9) and ϸ(9). The evolution of both sequences 

shall be discussed in section 4. 
In table 2, topologically different matchstick graphs are reported by number of 
edges and number of faces (including the outer region).
In the next section, every one of the 964 distinct matchstick graph with |E|<10 
will be showed. They are listed and progressively numbered, in order of 
priority, by:

1. Number of edges |E|;
2. Number of faces F;
3. Maximum degree Δ.
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3. Classification
Drawings in the left cells of tables are aimed to illustrate the topological homeomorphism between 
graphs in the same box. The number on the bottom right of right cells indicates the number of 
graphs contained therein. Graphs 8-81-1, 9-84-1, 9-177-1, 9-180-1, 9-180-2 and 9-191-1 are 
represented magnified by a factor of 1.5 respect to others, and 9-164-1 by a factor of 2.5, to avoid 
apparent overlaps.

3.1. Matchstick graphs with |E|=1
3.1.1. Matchstick graphs with |E|=1, F=1, |V|=2

3.1.1.1. Matchstick graphs with |E|=1, F=1, |V|=2,  Δ=1

3.2. Matchstick graphs with |E|=2
3.2.1. Matchstick graphs with |E|=2, F=1, |V|=3

3.2.1.1. Matchstick graphs with |E|=2, F=1, |V|=3,  Δ=2

3.3. Matchstick graphs with |E|=3
3.3.1. Matchstick graphs with |E|=3, F=1, |V|=4

3.3.1.1. Matchstick graphs with |E|=3, F=1, |V|=4,  Δ=2   

3.3.1.2. Matchstick graphs with |E|=3, F=1, |V|=4,  Δ=3

3.3.2. Matchstick graphs with |E|=3, F=2, |V|=3
3.3.2.1. Matchstick graphs with |E|=3, F=2, |V|=3,  Δ=2
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3.4. Matchstick graphs with |E|=4
3.4.1. Matchstick graphs with |E|=4, F=1, |V|=5

3.4.1.1. Matchstick graphs with |E|=4, F=1, |V|=5, Δ=2

3.4.1.2. Matchstick graphs with |E|=4, F=1, |V|=5, Δ=3

3.4.1.3. Matchstick graphs with |E|=4, F=1, |V|=5, Δ=4

3.4.2. Matchstick graphs with |E|=4, F=2, |V|=4
3.4.2.1. Matchstick graphs with |E|=4, F=2, |V|=4, Δ=2

3.4.2.2. Matchstick graphs with |E|=4, F=2, |V|=4, Δ=3
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3.5. Matchstick graphs with |E|=5
3.5.1. Matchstick graphs with |E|=5, F=1, |V|=6

3.5.1.1. Matchstick graphs with |E|=5, F=1, |V|=6, Δ=2

3.5.1.2. Matchstick graphs with |E|=5, F=1, |V|=6, Δ=3

3.5.1.3. Matchstick graphs with |E|=5, F=1, |V|=6, Δ=4

3.5.1.3. Matchstick graphs with |E|=5, F=1, |V|=6, Δ=5
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3.5.2. Matchstick graphs with |E|=5, F=2, |V|=5
3.5.2.1. Matchstick graphs with |E|=5, F=2, |V|=5, Δ=2

3.5.2.2. Matchstick graphs with |E|=5, F=2, |V|=5, Δ=3

3.5.2.3. Matchstick graphs with |E|=5, F=2, |V|=5, Δ=4

3.5.3. Matchstick graphs with |E|=5, F=3, |V|=4
3.5.2.1. Matchstick graphs with |E|=5, F=3, |V|=4, Δ=3
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3.6. Matchstick graphs with |E|=6
3.6.1. Matchstick graphs with |E|=6, F=1, |V|=7

3.6.1.1. Matchstick graphs with |E|=6, F=1, |V|=7, Δ=2

3.6.1.2. Matchstick graphs with |E|=6, F=1, |V|=7, Δ=3

3.6.1.3. Matchstick graphs with |E|=6, F=1, |V|=7, Δ=4
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3.6.1.4. Matchstick graphs with |E|=6, F=1, |V|=7, Δ=5

3.6.1.5. Matchstick graphs with |E|=6, F=1, |V|=7, Δ=6

3.6.2. Matchstick graphs with |E|=6, F=2, |V|=6
3.6.2.1. Matchstick graphs with |E|=6, F=2, |V|=6, Δ=2

3.6.2.2. Matchstick graphs with |E|=6, F=2, |V|=6, Δ=3
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3.6.2.3. Matchstick graphs with |E|=6, F=2, |V|=6, Δ=4

3.6.2.4. Matchstick graphs with |E|=6, F=2, |V|=6, Δ=5
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3.6.3. Matchstick graphs with |E|=6, F=3, |V|=5
3.6.3.1. Matchstick graphs with |E|=6, F=3, |V|=5, Δ=3

3.6.3.2. Matchstick graphs with |E|=6, F=3, |V|=5, Δ=4

3.7. Matchstick graphs with |E|=7
3.7.1. Matchstick graphs with |E|=7, F=1, |V|=8

3.7.1.1. Matchstick graphs with |E|=7, F=1, |V|=8, Δ=2
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3.7.1.2. Matchstick graphs with |E|=7, F=1, |V|=8, Δ=3

3.7.1.3. Matchstick graphs with |E|=7, F=1, |V|=8, Δ=4
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3.7.1.4. Matchstick graphs with |E|=7, F=1, |V|=8, Δ=5

3.7.1.5. Matchstick graphs with |E|=7, F=1, |V|=8, Δ=6

3.7.1.6. Matchstick graphs with |E|=7, F=1, |V|=8, Δ=7

11



3.7.2. Matchstick graphs with |E|=7, F=2, |V|=7
3.7.2.1. Matchstick graphs with |E|=7, F=2, |V|=7, Δ=2

3.7.2.2. Matchstick graphs with |E|=7, F=2, |V|=7, Δ=3
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3.7.2.3. Matchstick graphs with |E|=7, F=2, |V|=7, Δ=4
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3.7.2.4. Matchstick graphs with |E|=7, F=2, |V|=7, Δ=5

3.7.2.5. Matchstick graphs with |E|=7, F=2, |V|=7, Δ=6

3.7.3. Matchstick graphs with |E|=7, F=3, |V|=6
3.7.3.1. Matchstick graphs with |E|=7, F=3, |V|=6, Δ=3
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3.7.3.2. Matchstick graphs with |E|=7, F=3, |V|=6, Δ=4
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3.7.3.3. Matchstick graphs with |E|=7, F=3, |V|=6, Δ=5

3.7.4. Matchstick graphs with |E|=7, F=4, |V|=5
3.7.4.1. Matchstick graphs with |E|=7, F=4, |V|=5, Δ=4

3.8. Matchstick graphs with |E|=8
3.8.1. Matchstick graphs with |E|=8, F=1, |V|=9

3.8.1.1. Matchstick graphs with |E|=8, F=1, |V|=9, Δ=2
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3.8.1.2. Matchstick graphs with |E|=8, F=1, |V|=9, Δ=3
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3.8.1.3. Matchstick graphs with |E|=8, F=1, |V|=9, Δ=4
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3.8.1.4. Matchstick graphs with |E|=8, F=1, |V|=9, Δ=5

3.8.1.5. Matchstick graphs with |E|=8, F=1, |V|=9, Δ=6
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3.8.1.6. Matchstick graphs with |E|=8, F=1, |V|=9, Δ=7

3.8.1.7. Matchstick graphs with |E|=8, F=1, |V|=9, Δ=8

3.8.2. Matchstick graphs with |E|=8, F=2, |V|=8
3.8.2.1. Matchstick graphs with |E|=8, F=2, |V|=8, Δ=2

3.8.2.2. Matchstick graphs with |E|=8, F=2, |V|=8, Δ=3
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3.8.2.3. Matchstick graphs with |E|=8, F=2, |V|=8, Δ=4
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3.8.2.4. Matchstick graphs with |E|=8, F=2, |V|=8, Δ=5
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3.8.2.5. Matchstick graphs with |E|=8, F=2, |V|=8, Δ=6
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3.8.2.6. Matchstick graphs with |E|=8, F=2, |V|=8, Δ=7

3.8.3. Matchstick graphs with |E|=8, F=3, |V|=7
3.8.3.1. Matchstick graphs with |E|=8, F=3, |V|=7, Δ=3
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3.8.3.2. Matchstick graphs with |E|=8, F=3, |V|=7, Δ=4
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3.8.3.3. Matchstick graphs with |E|=8, F=3, |V|=7, Δ=5
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3.8.3.4. Matchstick graphs with |E|=8, F=3, |V|=7, Δ=6

3.8.4. Matchstick graphs with |E|=8, F=4, |V|=6
3.8.4.1. Matchstick graphs with |E|=8, F=4, |V|=6, Δ=3

3.8.4.2. Matchstick graphs with |E|=8, F=4, |V|=6, Δ=4
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3.8.4.3. Matchstick graphs with |E|=8, F=4, |V|=6, Δ=5

3.9. Matchstick graphs with |E|=9
3.9.1. Matchstick graphs with |E|=9, F=1, |V|=10

3.9.1.1. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=2
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3.9.1.2. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=3
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3.9.1.3. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=4
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3.9.1.4. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=5
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3.9.1.5. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=6
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3.9.1.6. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=7

3.9.1.7. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=8

3.9.1.8. Matchstick graphs with |E|=9, F=1, |V|=10, Δ=9

3.9.2. Matchstick graphs with |E|=9, F=2, |V|=9
3.9.2.1. Matchstick graphs with |E|=9, F=2, |V|=9, Δ=2
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3.9.2.2. Matchstick graphs with |E|=9, F=2, |V|=9, Δ=3
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3.9.2.3. Matchstick graphs with |E|=9, F=2, |V|=9, Δ=4
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3.9.2.4. Matchstick graphs with |E|=9, F=2, |V|=9, Δ=5
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3.9.2.5. Matchstick graphs with |E|=9, F=2, |V|=9, Δ=6
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3.9.2.6. Matchstick graphs with |E|=9, F=2, |V|=9, Δ=7
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3.9.2.7. Matchstick graphs with |E|=9, F=2, |V|=9, Δ=8

3.9.3. Matchstick graphs with |E|=9, F=3, |V|=8
3.9.3.1. Matchstick graphs with |E|=9, F=3, |V|=8, Δ=3
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3.9.3.2. Matchstick graphs with |E|=9, F=3, |V|=8, Δ=4
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3.9.3.3. Matchstick graphs with |E|=9, F=3, |V|=8, Δ=5
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3.9.3.4. Matchstick graphs with |E|=9, F=3, |V|=8, Δ=6

76



3.9.3.5. Matchstick graphs with |E|=9, F=3, |V|=8, Δ=7

3.9.4. Matchstick graphs with |E|=9, F=4, |V|=7
3.9.4.1. Matchstick graphs with |E|=9, F=4, |V|=7, Δ=3
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3.9.4.2. Matchstick graphs with |E|=9, F=4, |V|=7, Δ=4
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3.9.4.3. Matchstick graphs with |E|=9, F=4, |V|=7, Δ=5
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3.9.4.4. Matchstick graphs with |E|=9, F=4, |V|=7, Δ=6
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3.9.5. Matchstick graphs with |E|=9, F=5, |V|=6
3.9.5.1. Matchstick graphs with |E|=9, F=5, |V|=6, Δ=4

3.9.5.2. Matchstick graphs with |E|=9, F=5, |V|=6, Δ=5

83



4. Plots
Plots 1 and 2 displays the value of ϙ (n), respectively in linear and logarithmic scale. 

The same is done for ϸ (n) in plots 3 and 4.
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The incremental ratios between consecutive terms of ϙ(n) and ϸ(n) are shown in plots 5 and 6. After 
an initial oscillation, with n>4 both quotients grow monotonically as n increases. 
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If we suppose that the trend continues also for n=10, this would place a lower limit of 463 for ϙ(10) 
and of 1936 for ϸ(10). It seems reasonable to expect ϙ(10) to be about from 500 to 600.

Plot 7 reports the average number of non-isomorphic matchstick graphs for homeomorphism class. 
Also this sequence shows a monotonically growing behavior with n>4. 
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Plot 8 shows what fraction of all the connected planar graphs consists in matchstick graphs. Up to 5 
edges, every planar graph is a matchstick graph as well. Then the quotient starts decreasing quite 
irregularly. Since we know there are 2318 connected planar graphs with 10 edges (Steinbach 1990 

[7]), to made a coarse intepolation, would be plausible to expect a value of about 2000-2100 for ϸ 
(n).
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