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Abstract. We provide the census of all vertex-transitive graphs with no more than 12 vertices.
While the computer generated the vertex-transitive graphs, we prove some properties about the
transitivity of two graph products that help illustrate exactly which graphs were generated. Both
the Cartesian product and cardinal product of any two vertex-transitive graphs is vertex-transitive.
The cardinal product of two dart-transitive graphs is dart-transitive, while the cardinal product of
an edge-transitive graph with a dart-transitive graph is edge-transitive,

Introduction.

An undirected graph G consists of a finite set of vertices V{G) and a finite set of
unordered pairs (edges) E(G) = {(a,b) | a,b € V(G)}. A dart is an edge together with a vertex
that the dart points to. Clearly, each edge (a,b) contains two darts: the dart (a,b), coming from a
going into b, and the dart (b,a), coming from b going into a. The set of all darts is denoted D(G).
The graphs that we are interested in contain no multiple edges (no two elements of E(G) are
equal), contain no loops (for any edge (a,b) € E(G), a # b) and are connected (for any
a € V(Q) there exists (a,x) € E(G) for some x € V(Q)).

The number of vertices a graph contains is denoted p or [V(G)|. The symmetric group S,
is the group of all permutations of these p vertices. The elements of S, that preserve adjacency in
the graph G, where [V(G)| = p, form a subgroup I' called the group of the graph G. Formally, for
each o € §,, define the function ¢,: E(G) - V(G) x V(G) as $,(a,b) = (oa,ob) for (a,b) € E(G).
Now define I'G) = {0 € §,{ $,[E(G)] =E(G) }. Note that if ¢ [E(G)] = E(G), then ¢ [E(G)] =
E(G) and I(G) = I'(G) where G is the complement of G. The complement of G has the same
vertices as G, but the edges are defined as E(G) = {{a,b} | (a,b) ¢ E(G)}.

If for any a,b € V(G) there exists 0 € I'(G) such that oa =b then I' is transitive and G is
vertex-fransitive. Note that since I'(G) = I(G), the complement of a vertex-transitive graph is
also vertex-transitive. If for any (a,b), (c,d) € E(G) there exists o € I(G) such that $_(ab) =
(c,d), then G is edge-transitive. Since the edge (c,d) is the same as the edge {d,c), either oa = ¢
and ob =d or oa=d and ob = c. Finally, if for any two darts (a,b), (c,d) € D(G) there exists ¢ ¢
I'(G) such that $,(a,b) = (c,d), then G is dart-transitive. Since darts are ordered pairs, o2 = ¢ and
sh=d.

Clearly, vertex-transitivity does not imply edge-transitivity and edge-transitivity does not
imply vertex-transitivity. However, dart-transitivity does imply vertex- and edge-transitivity.
Take any dart (a,b) € D(G). From dart-transitivity, there exists o € I'(G) such that ¢_(a,b) =
(oa,0ob) = (a,x) for any (a,x) € E(G) where x # a. Also, there exists ¢ € T(G) such that ¢ (a,b) =
(b,a). Therefore, for any b,x € V(G) there exists ¢ € I'(G) such that x = ob. Finally, dart-
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transitivity implies edge-transitivity.

In this paper, we are interested in collecting together as many vertex-transitive graphs as
possible. We explore three avenues of thought. First, we look at existing families of graphs and
prove transitivity properties about families of graphs. Second, we study products of transitive
graphs and try to prove transitivity properties about the resulting products. Last, we implement a
computer program that generates vertex-transitive graphs for small p. This last process helps fill
in the gaps in our knowledge of the first two. However, due to size of the problem, generating
graphs is practical only for small p.

Families of Vertex-Transitive Graphs.

Now that the definitions of transitivity have been made clear, which graphs exhibit these
properties? The complete graphs K, are dart-transitive, since I(G) = I'(G) and K, consists of n
vertices without any edges. [t is clear that K, has automorphism group S, and so K, has
automorphism group 5,. Now, for any two darts {(a,b), (c,d) € K,, there exists two transpositions
(bd), (ac) € S, such that (b d)(a c}(a,b) = (b d){c,b) = (c,d). Therefore, the complete graphs K_
are dart-transitive and hence vertex- and edge-transitive.

The n-cycles C, are dart-transitive. Note that I'(C,) = D,. The permutations of D, are
rotations and reflections of the regular n-gon. We know that any edge can be mapped into any
" other edge by some rotation of D,. By applying a reflection first and then rotations, one can see
that any dart can be mapped into any other dart. As a result, C, is dart-transitive.

The partition graphs, K_ ., K, .., etc. are dart-transitive. Clearly, any dart coming from
one partition can be mapped into any other dart coming from the same partition. Since both
vertices the dart points from are in the same partition, they are adjacent to the same vertices in the
other partitions. Now any partition can be mapped into any other partition, since each vertex in
both partitions is adjacent to the same vertices in the other partitions. Any dart coming from a
vertex in one partition can be mapped into a dart coming from a vertex in another partition,
Therefore any dart can be mapped into any other dart.

Another family of graphs that are vertex-transitive is the n-cycles with edges added in a
deterministic way. For lack of a better term, we have been merely referring to these as
Hamiltonian graphs since they contain a Hamiltonian cycle. We denote these HG(p;x,, X,, ..., X.)
where 1 <x; <|p/2] for I <isn,x #x foralli+j and define them as follows:

VEHGEX, X, -, X)) = {i]0 5 < p-1)
EHG(p;x,, Xy, ..., X)) = {(a,(a+}) mod p) [0 <a s p-1} u
{(a,b) | |a-b| = x; (mod p) for some 1 < i < n}

We write HG(p;x,) for short. Now, the permutation o =(0 1 2 ... p-1) e I'(HG(p:x)). Clearly,
oa = at] (mod p). For any (a,b) € E(HG(p;x)), $,(a,b) = (aa, ob) = (a+1 (mod p), b+1 (mod
p)). Now either b = a+1 (mod p) or ja-bf = x, (mod p) for some 1 <i<n. Ifb=a+l, then
$,(a,b) = (a+1 (mod p), a+2 (mod p)) € E(HG(p;x)). If ja-b| = x, (mod p) for some 1 <i<n,
then (a+1-b-1) = (a-b). Therefore, ¢ (a,b) € EHG(p;x))) and o € INHG(p;x)). Since all the
powers of this permutation are also in the group, these Hamiltonian graphs are vertex-transitive.



Graph Counstructions.
While numerous graph products exist, most of them combine the graphs in such a way that

vield few graphs with inherent transitivity properties. However two of them, the Cartesian
product and the cardinal product, do exhibit these properties.

Definition 1. The cardinal product, as introduced by Culik [1], of two graphs G, and G,, written
as G, ® G, is defined as follows,

V(G, ® Gy) = {(ab) | a € V(GY, b € V(Gy)}

E(G, ® G;) = {(a,b), (c:d) | (a,¢) € E(G,) and (b,d) € E(G,)}
This product, also called the Kronecker product, was also introduced independently by Weichsel
[3] and named for the Kronecker product of matrices.

Definition 2. The Cartesian product, as introduced by Sabidussi [2], of two graphs G, and G,,
written as G, x G, is defined as follows.

V(G, x G) = {(a,b}{a € V(Gy), b € V(Gy)}

E(G, x Gy) = {(a,b), (c,d) | (2 = c and (b,d) € E(G,)) or (b =d and (a,c) € E(G))})}

The following theorems establish results that guarantee the construction of transitive
graphs. First, we must show that each element in the group of a graph is imbedded within the
group of the product of the graph with another graph.

Lemma 1. (Cardinal product) For any two graphs G, and G,, ¢ € I'(G;) and u € I(G,) Define
a" V(G,e G,) ~ V(G;® G;) by o'(a,b) = (oa,b) for any (a,b) € V(G,2 G;) and
k' :V(Gie Gy) - V(Gye Gy) by #'(a,b) = (a,ub) for any (a,b) € V(Gye Gy).
Then o', u’ e I(G;2 ;).

Proof: If ¢, {E(G,2 G,)] = E(G,® G,), then ¢’ € I'(G,e G)).
If ((a,b), (c.d)) € E(G,@ G,), then (a,c) € E(G,) and (b,d) € E(G,).
Since o € I'(G,), ¢,(a,c) = (ga,0c) € E(Gy).
Therefore ((0a,b), (oc,d)) € E(G,2 G,) and ¢’ € I'(G,2 G,).
The proof that p' € I'(G,e G,) is similar.

Theorem 1. If G, and G, are vertex-transitive, then G;& G, is vertex-transitive.

Proof: Since G, is vertex-transitive, for any a, a’ € V(G,) there exists o € I'(G,) such
that 2’ = ga. Likewise, since G, is vertex-transitive, for any b, b’ € V(G,) there
exists 4 € I'(G,) such that b’ = ub,

Bylemmal, o', u* € I(G,8 G,). Since I(G,2 G,) is a group, o'p’ € ['(G,2 G,).
For any (a,b), (3'.b") € V(Ge Gy), o'1'(a,b) = ¢'(a,pb) = (oa,ub) = (a',b").
Therefore, G, G, is vertex-transitive.

Theorem 2. If G, is edge-transitive and G, is dart-transitive, then G,® G, is edge-transitive.
Proof: For any two edges (a,c), (a',¢') € E(G,) there exists u € I'(G,) such that
(a',c’) = ¢,(a,c). Eithera’'=paandc’' =ucora’ =pucandc' = pa.
For any two darts (b,d), (b',d") € D(G,) there exists o € I{G,) such that



(b'.d) = ¢, (b,d). Since (b’,d') is a dart, (d’,b") is a dart and there exists T € I(G,)
such that (d',b") = $.(b,d).
By Lemma 1, p’, o', 7' e I(G;® Gy).

For any two edges ({(a,b), (c,d)), ((a’,b"), (¢’,d")) € E(G,e G,),
there are two possible mappings by u:
(1) a’ =uaandc’ = uc.
Puro((a,d), (c,d)) = (1'0'(a,b), p’'0'(c,d)) = (u'(a,0b), p'(c,0d)) =
((na,ob), (nc,0d)) =((a’,b"), (c'.d")).
(i) a’ =pcand ¢’ = pa.
${(a,b), (c,d)) = (u't'(a,b), n'r'(c.d)) = (W'(2,7b), u'(c,vd)) =
((na,7b), (uc,td)) = ((c’,d"), (a",b")) = ((a’,b’), (c'.d")).
Therefore, G,® G, is edge-transitive.

Theorem 3. If G, and G, are dart-transitive, then G;® G, is dart-transitive.
Proof For any two darts (a,c), (a',c’) € D(Gy), there exists p € I'(G,) such that
(a',c") = ¢ (a,c). For any two darts (b,d), (b’,d") € D(G,), there exists o € [YG,)
such that (b',d") = &,(b,d).
ByLemma 1, y', ¢’ ¢ I(G,e G,).

For any two darts ((a,b), {c.d)), ({a’,b"), (¢’,d")) € D(G,® G,),
q);.\'o’((asb)s (csd)) = (p"o,(a:b)’ p,(fr(c,d)) = (p’(asob)v }i’(c,ﬂd)) =
((ua,ob), (uc,0d)) = ((a",b’), (c",d")).

Therefore, G,@ G, is dart-transitive.

Now we need to show similar results for the Cartesian product of graphs. Unfortunately,
further conditions must be placed upon the graphs to guarantee edge- and dart-transitivity. The
Cartesian product of an edge-transitive graph with itself does produce another edge-transitive
graph. However, this condition is sufficient but not necessary. The study of primal graphs may
prove helpful in proving further results.

Lemma 2, (Cartesian product) For any two graphs G, and G,, o € I(G,) and p € I(G,), define
o V(G;x Gy) - V(Gyx G,) by o’(a,b) = (oa,b) for any (a,b) € V(G,x G,) and
W V(Gx Gy) = V(Gyx Gy) by 1'(a,b) = (a,pb) for any (a,b) € V(G,x Gy).
Then o', u' € T{G;x G,).
Proof: If ¢,[E(G,* G;)] = E(G,x G,), then ¢’ € I(G,x G,).
If{(a,b), (c,d)) € E(G,x G,), then either
(i) a=cand (b,d) € E(G,).
$,((a.b), (a,d)) =(o'(a,b), 0'(a,d)) = ((ca,b), (va,d)).
Since (b,d) € E(G,), we have ({(0a,b), (0a,d)) € E(G,*x G,) and ¢’ € I(G,*x Gy).

(i) b=d and (a,c) € E(G,).

$,((a,b), (¢,b)) = (0'(ab), a'(c,b)) = ((oab), (ac,b)).
Since (a,c) € E(G,) and 0 € I(G,), (0a, oc,d) € E(G,) and



((oa,b), (oc,b)) € E(G x Gy) and o’ € I(Gyx Gy
The proof that p’ € I'(G, x G,) is similar.

Theorem 4. If G, and G, are vertex-transitive, then G, * G, is vertex-transitive.

Proof. Since G, is vertex-transitive, for any a, a’ € V(G,) there exists ¢ € I'{(G,) such
that a’ = oa. Likewise, since (, is vertex-transitive, for any b, b’ € V(G,) there
exists p € I'(G,) such that b’ = pb.

By Lemma 1, o', u’ € I(G,x G,). Since I{G,* G,) is a group, o'y’ € T(G,x G,).
For any (a,b), (a’,b’) € V(G,* G,), 6¢'p’(a,b) = a'(a,ub) = (oa,ub) = (a’,b").
Therefore, G,x G, is vertex-transitive.

Now that we know that products of vertex-transitive graphs are vertex-transitive, we can
construct new vertex-transitive graphs from our stock of vertex-transitive graphs. For instance,
we know that K, and K, are vertex-transitive, so both K, x K, and K, & K, are vertex-transitive.
In fact, we know that K, ® K, is dart-transitive. Both have 8 vertices, but K, x K, is regular of
degree 4, while K, K, is regular of degree 3. Also K, x C, and K, ® C, are vertex-transitive.
However, since K, and C, are both bipartite, K, & C, is disconnected [5], while K, x C, is
isomorphic to K, ® K, For graphs with 8 vertices, we have C,, K;, K, K, K, 2 K,, K;250, Kis
Since the complement of a vertex transitive is also vertex-transitive, we also have the
complements of those six graphs, but the complements of K,, K, , , ,, and K, , are disconnected
and the complements of K, x K, and K, ® K, are isomorphic 1o two of the first six graphs. The
Hamiltonian graphs yield three more non-isomorphic graphs: HG(8;4), HG(8;2), and HG(8;3,4),
HG(8;3,4) is isomorphic to the complement of 2C,, two copies of C,. These three bring the total
to 10 vertex-transitive graphs with 8 vertices. For graphs with 8 vertices, there are only 10
vertex-transitive graphs. :

Using the first two methods of finding vertex-transitive graphs, we find all the vertex-
transitive graphs up to 10 vertices. However, when searching for vertex-transitive graphs with 10
vertices, we leave out two: the Petersen graph and its complement. The methods work for
graphs with 11 vertices, but for graphs with 12 vertices, we find only 48 of the 66. Two of them
are the icosahedron and its complement; the computer program found the other 16.

The Computer Program. .

The problem of generating all the vertex-transitive graphs and only the vertex-transitive
graphs is rather difficult. We restrict each run of the program to finding all the vertex-transitive
graphs with p vertices and degree r. Then, we run the program multiple times on the graphs we
want to generate,

We could generate all the graphs with p vertices and then check each graph for vertex-
transitivity. That approach is needlessly wasteful. Since the graphs we are interested in are
connected and regular, we generate only those graphs. Then, since we want vertex-transitive
graphs, we utilize a compiete code for graphs described by Foster [4]:

Select any one vertex as a starting point, and designate this vertex as of grade zero, Then the vertices at a
distance 1 fmmttﬁsvcncxarcdcsignatodasofgmdei.aiadistanceonasofgradc2.and,ingenevacrﬁces
at g distance r as of grade 1. Thmahssiﬁ/cachvcrtcxasoftype”abc"wherea+b+c==3,abeingthemm:bm'
of edges connecting this vertex to vertices of the next lower grade, b bemng the number of edges connecting it to
vertices of the smne grade and ¢ beg the number of edges connecting it to vertices of the next higher grade.
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Thus the minally selected vertex 1s of type 003, Then, in tabular form, the complete code shows the number of
vertices of each grade and of each tvpe.

Foster was interested in only trivalent graphs, thusa + b + ¢ = 3. Since we are interested in regular
graphs int general, a + b + ¢ = r, where r is the degree and the initially select vertex is of type 00r. For
vertex-transitive graphs, the complete code generated by choosing any vertex initially will be the same as
choosing any other vertex. This observations helps in "weeding out" unwanted graphs. During the
process of generating graphs, at convenient intervals, the algorithm checks the partial complete codes for
each of the vertices. If any code for a vertex is different from the other codes for the other vertices, then
the partial graph is not vertex-transitive and it is thrown away.

Algorithm 1.

1. The userinputspandr.
2. Push an empty graph with p vertices labeled 0, 1, ..., p~1 onto a stack.
3. Pop a graph off stack.
4. Search the vertices in numerical order to find the first vertex that doesn't have degree r.
5. For the vertex found in step 4, create a list of vertices that can be adjacent to it. If two
vertices are adjacent to the same vertices, then those two are virtually identical for the
purpose of generating graphs.
6. The vertex found in step 4 needs r less the degree of the vertex edges added to the
graph. The list generated in step 5 contains all the possible vertices the vertex can be
adjacent to. Each vertex on the list has a different adjacency list from any other vertex on
the list. Using the list of vertices not currently adjacent to the vertex, follow the
procedure below on all the possible ways to add the needed edges to the graph. For
example, let there be two different types of vertices in the list and let there be two vertices
of the first type and one of the second. Then, if a vertex needs two more edges adjacent
to it to be degree 1, then the two edges can be added to the graph in two different ways.
An edge can be added between each of the first type or an edge can be added between
each of the two types. Notice that it doesn't matter which of the first type an edge is
added to. Within each type of vertex on the list, each of the vertices are adjacent to the
same vertices.

a. Copy the graph.

b. Add the edges to the graph.

¢. If the graph is regular (i.e. all the edges have been added), then

check the compiete code. If the complete code is the same for

every vertex, then output the graph. Continue with step e. If the

graph is not regular, then proceed to step d.

d. If the graph is connected, then check the complete code. At this

point, a complete code for each vertex does not exist. The code

generated by choosing a particular vertex as the start may not be

complete. However, the first few columns of the code may be

complete and this partial code can be compared to the code of the

first graph. If the partial complete code is the same for every

vertex, then push the graph onto the stack. Go to step e.

¢. Copy the original graph back into the current graph. Finish the
iterations.



7. Ifthe stack is empty, end the algorithm. Otherwise, continue with step 3.

The graphs generated by this algorithm have the same complete code for every vertex. While this
condition is necessary, it is not sufficient. The algorithm also outputs too many isomorphic graphs. To
guarantee that graphs are vertex-transitive, the output from this algorithm is filtered through Algorithm 2
which checks for vertex-transitivity and isomorphism. The output of this second algorithm is all non-
isomorphic vertex-transitive graphs of p vertices and degree r.

Algorithm 2.

1. Get a graph to check.

2. Check for vertex-transitivity.
a. Select the first vertex. Every vertex has to be able to be
mapped into the first vertex. If all the vertices can be mapped into
the first vertex, then any vertex can be mapped into any other
vertex.
b. Partition the vertices by grade with the first vertex as the starting
point.
¢. For one vertex at time, partition the other vertices by grade.
Now any vertex in grade 1 of this vertex has to map into a vertex in
grade 1 of the first vertex. In general, any vertex in grade r has to
map into a vertex in grade r of the first vertex.
d. Iterate through all the possible permutations of the vertices
using the grade information. For each permutation, either it is an
element of the group of that graph or it is not. If the set of edges is
preserved, then the permutation is an element of the group. If it is
an ¢lement of the group, the current vertex can be mapped into the
first vertex. If no permutation is found, this graph is not vertex
transitive,
¢. Ifthere exist permutations such that all vertices can be mapped
into the first vertex, then the graph is vertex-transitive.

3. Ifthe graph is vertex-transitive, then test the graph for isomorphism to

previously checked graphs.
a. Compare the graph to each prevnously checked graphone at a
time. Call the graph the first graph and the previously checked
graph the second graph.
b. If the graphs are isomorphic, then we can choose any two
vertices, one in each graph, and there exists a permutation that
maps the first graph into the second graph. Since both graphs are
vertex-transitive, any vertex in a graph can be mapped into any
other vertex in that graph and any vertex in one graph can be
mapped into any vertex in the other graph.
c. Select the first vertex of each graph.
d. For each graph, partition the vertices by grade.
e. Iterate through all the possible permutations of the vertices of
the second graph using the grade information. If the set of edges in



the second graph is preserved, then the permutation is an element of
the group. If it is an element of the group, the two graphs are
isomorphic. If no permutation is found, these graphs are non-
isomorphic.
f. If the graphs are non-isomorphic, add the first graph to the list of
previously checked graphs.. If the graphs are isomorphic, continue
with the next graph to be checked.

4. If another graph exists, continue with step 1.

5. Qutput the list of non-isomorphic vertex-transitive graphs,

Having algorithms may seem unnecessary and, indeed, they may be unnecessary. Further research
is being done to eliminate the use of Foster's complete code. Currently, Foster's complete code test is
very fast to implement and the codes can be generated and maintained very rapidly. The code provides a
simple criterion for a graph to be vertex-transitive that eliminates many graphs. The older algorithm for
the vertex-transitivity and isomorphic checker was very slow. Hence we utilized Foster's code to
generate fewer graphs to check. The newer algorithm for the checker is very fast. We believe a similar
improvement upon the first algorithm will render the use of Foster's code unnecessary.



The Census.

The graphs are listed in tabular order. The headings "p" and "r" are the number of vertices and
the degree respectively. The decimal place in r is used for numbering purposes. The number 3.2 means
the second graph with degree 3. "Name" is the primary name of the graph. The "Alternative Name" is
self-explanatory. The only exception is that Hamiltonian graphs are put under the alternative name. The
c() that surround some graph names indicate the complement of that graph inside the parentheses. The
notation G,[G,] designates the composition of two graphs (see Sabidussi [6] or Harary [7]). An|
between the number in the Hamiltonian graphs designates "or". HG(11,3|4) designates HG(11,3) or
HG(11;4). The two graphs are isomorphic. The HG(11,*,*,* *) means any four numbers produce the
same graph.

If the entry under the edge-transitive column is not 2 "Y™, then it designates the orbits of edges in
the graph. An entry of (5,3-10) means that one orbit of 5 edges and 3 orbits of 10 edges exist in the
graph. For all the graphs in this table, if a graph is edge-transitive, it is also dart-transitive.

The group order is simply the number of elements in the automorphism group of the graph. The
group description is a brief summary of some groups that are subgroups of the automorphism group.
More study needs to be done to determine the exact structure of the automorphism group.

Each of the graphs were entered into the program "Groups and Graphs" [8], where they were
checked for edge-transitivity, dart-transitivity, and group order.



Table 1.

P ¥ Name Alternative Name Edge-transitive | |G| Group DMM
1 0 K, Y 1 {e}

2 | K, Y 2 Z,

3 2 K, Y 6 D,

4 2 C, K., Y 8 D,

4 3 K. HG(4;2) Y 4! 8.

5 2 C, [l Y 10 D,

5 4 K, HG(5:2) Y 51 S5

6 2 ¢, X,0K, Y 12 D,

6 31 K,*K, [o! (3.6) 12 D,

6 32 K, HG(6:3) Y 72 2D, 2,
6 4 X,y HG(6:2) Y 48 324, 8,
6 5 K, HG(6.2,3) Y 6! Se

7 2 (o Y 14 D,

7 4 T HG(7;23) N 14 D,

7 6 K, HG(7:2,3) Y 7 S,

8 2 G Y 16 D,

8 31 HG(8:4) (4.8) 16 D,

8 32 K xK, %K, K.eK, Y 48 3-Z,, 8,
8 41 o(HG(8;3)) HG(8:2) (2-8) 16 D,

8 42 K xK, oK xK,%K,) 4,12) 48 3-Z,, 8,
8 43 K4 HG(8;3) Y 1152 2-8,,2,
8 5.1 T HG(82.4) (4,2-8) 16 D,

8 52 2C,) HG(8:3,4) (@,16) 128 2D,,7,
8 6 Kinss HG(8:2,3) Y 384 4-Z,,8,
] 7 K, HG(8:2.3,4) Y 8! 5,

9 2 C, Y 18 D,

9 4.1 e(HG(9:3) HG(9:214) (2-9) 18 D,

9 42 o(HG(9;214)) HG(9;3) 2:9) 18 D,

9 43 K, %K, KoK, Y 72 2-8,.Z,
9 6.1 HG(9:2,3) HG(9;3.4) (3-9) 18 D,
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9 6.2 Kias HG(9:2.4) Y 1296 4-3,

9 8 K, HG923.4) Y 9! S,

10 2 Cio Y 20 D,

10 31 HG(10:5) (5.10) 20 Dy

10 32 K,xC, (5,10} 20 Do

10 33 Petersen Y 51 S,

10 4.1 HG(10:2) {2-10) 20 Dyo

10 a2 K,sK, HG(10:3) Y 240 S Zs
10 43 HG(10:4) Y 320 Dyo 5-Z;
10 5.1 HG(10:2,5) (5.2-10) 20 Dy,

i0 52 KaxK, (26.5) 240 S, Z,
I¢ 53 c(HG(10:4)) HG(10;4.5) {20,5) 320 Dy, 5-Z,
10 54 K, HG(10:3,5) Y 28800 28,2,
10 6.1 HG(10;2.4) (3-16) 20 Dy

10 6.2 o(K,%Cy) HG(10;,3412.3) (3-10) 20 Dy,

10 6.3 o(Petersen) Y 5 Ss

10 7.1 Ce HG(10:2.4.5) (5.3-10) 20 Dy,

10 72 HG(10,34,5) HG(10:2,3,5) (25,10) 200 2D, Z,
19 8 Kiz422 HG(10;2.3.4 Y 3840 S, 5-Z,
10 9 Ky HG(10:2,34.5) Y 10t Sio

11 2 Cy Y 2 Dy,

1 4.1 HG(11;215) (2-11) 22 Dy

11 42 HG(11:34) (2-11) 22 D,

11 6.1 HG(11:2.4) HG(11:3,5]2.5) (3-11) 22 D,

11 6.2 HG(11:4,5) HG(11;2,33.4) 3-1YH) 22 Dy,

11 8 HG(11:*%* %) (@11 22 by,

il 10 Ky, Y n S,

12 2 C, Y 24 D,

12 3.1 HG(12:6) (6.12) 24 D,

12 3.2 CoxK, (6,12) 24 Dy,

12 33 GBI 48

12 34 6.12) 24 Dy

12 4.1 C.eK, HG(12:5) Y 768
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12 42 HG(12:3) (2-12) 24 D,
12 43 HG(12:2) (2-12) 24 D,
12 44 ¢, o(HG(12:2.5.6)) (2-12) 48

12 a5 o(HG(12:4.5.6Y) (212 48

12 46 HG(12:4) (212 24 Dy,

12 47 K,, %K, (6,18) 144 2.8,,2-2,
12 48 (2-6.12) 48

12 49 Y 48

12 4.10 (12,12 24 D,
12 5.1 HG(12;2,6) (6.2-12) 24 Dy,
12 5.2 HG(12:3,6) (6,2-12) 24 Dy,
12 53 HG(12:4.6) (62-12) 24 D,
12 54 CJK,] HG(12:5,6) (6.24) 768

12 55 o(HG(12:4,5)) (6.2-12) 48

12 56 K,*K, o(HG(12:2,5)) (12,18) 144

12 5.7 (K Ky ) O Y 1440 A
12 58 K;27K, (6.24) 9% 42,8,
12 5.9 Teosahedron Y 120

12 510 (3-6,12) 12

12 5.11 (36,12) 12

12 512 (6,24) 48

12 6.1 KoK, HG(122,5) Y 144

12 62 HG(122.4) (B12) 24 D,
12 63 oHG(12;5,6)) (12,24) 768

12 6.4 HG(12:2.3) (3-12) 24 D,
12 6.5 HG(12:4,5) (12,24) 48

12 6.6 Kee HG(12:3,5) Y 1036800 | 2.5, 7,
12 6.7 HE(12:3.4) (3-12) 24 Dy
12 6.8 KK, (6,30) 1440 Se. 2,
12 69 o(Ky5,%Ky) (26.24) 9% 47,8,
12 6.10 | cflcosahedron) (6,30 120

12 6.11 (4-6,12) 12

12 6.12 (4-6,12) 12

12




12 6.13 (12.24) 48
12 7.1 HG(12:23.6) (63-12) 24 D,

12 7.2 HG(12:2.4.6) 63-12) 24 Dy

12 73 HG(12:2,5.6) (6.12.24) 48

12 74 HG(12:3.4.6) (6.3-12) 24 D,

12 75 K JK,} HG(12:3.5.,6) (6.36) 4608

12 76 HG(12:4,5.6) (6,12.24) 48

12 17 o) & o(HG(12;5)) (6,12.24) 768

12 7.8 Ky, ¥Ky) (2-12,18) 144 2-8,,2-Z,
12 79 (6,12,24) 48

12 7.10 (6.12.24) 48

12 7.1 (6,12.24) 24 D,

12 8.1 HG(12:2,3.4) (4-12) 24 D,

12 82 SCoKy) (26,3-12) 24 Dy

12 8.3 (6,12,24) 48

12 84 (2-12,24) 24 D,

12 8.5 KyCl HG(12:2.3,5) (12,36 288 2-8,, 3-Z,
12 86 Kysa HG(12:2.4,5) Y 82944 3-8, 8,
12 8.7 CJK] HG(12:3,4.5) (12,36) 10368 4-8,,3-7,
12 9.1 T, HG(12:2,346) (6,4-12) 24 Dy,

12 92 Kisss H((12;2,3.5.6) Y 31104 4-D,, S,
127 93 ;10K HG(12:2.4,5,6) ' (6.48) 3072 3D, S,
12 9.4 (2C) HG(12:3.4.5.6) (6,12,36) 288 2D, 2,
12 10 Kaz222 HG(12:2.34.5) Y 46080 6-Z,, 8¢
12 11 Kn Y 12! S,
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