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Abstract We investigate the existence of g-laterals in geometric and combinato-
rial configurations. First we can show that within a special family of configurations
any of the eight possible combinations of the existence or non-existence of g-laterals
for 3 ≤ g ≤ 5 may arise. Moreover, this is true for arbitrarily large configurations
belonging to this family. We also present geometric realizations of the two smallest
trilateral-, quadrilateral- and pentalateral-free (v3) configurations (generalized hexa-
gons). Finally, we consider (v4) configurations and present the smallest-known geo-
metric trilateral-free (v4) configuration.
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1 Introduction

This paper is concerned with r -configurations, that is, incidence systems of objects
we call points and lines, with the restriction that each object is incident with
precisely r objects of the other kind; some other restrictions are convenient, and
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we shall give precise definition of this concept and the others mentioned below in
Sect. 2. Our special interest concerns multilaterals, that is, cyclic sequences of alter-
nating points and lines, each incident with its two neighbors in the sequence, and all
distinct; hence multilaterals are special 2-configurations. The study of configurations
started in the last quarter of the nineteenth century, and multilaterals were among the
first topics studied—albeit under the misleading designation as “polygons” (Visconti
1916). For additional information about the history of multilaterals see Sects. 5.2–5.4
of Grünbaum (2009).

A g-lateral is a multilateral that consists of g points and g lines; colloquially, we
also speak of trilaterals, quadrilaterals, and so on. The early studies concerned mainly
either trilaterals, or else “Hamiltonial multilaterals”; the latter contain all points and
all lines, each exactly once. We are trying to answer some questions of the following
kind: Are there configurations which do have g-laterals for a certain set of values of
g, and at the same time do not have any g-laterals for another set of values of g.

As sample results we may mention that in certain families of 3-configurations there
always exist 6-laterals, while in the same family there exist configurations for which
any chosen subset of {3, 4, 5} corresponds to values of g such that the configuration
contains g-laterals and does not contain g-laterals for g in the complementary subset.

2 Definitions

A (combinatorial) configuration C of type (vr ), or a (vr ) configuration, is an incidence
structure with sets P and L of objects called points and lines, respectively, such that

1. |P| = |L| = v.
2. each line is incident with r points,
3. each point is incident with r lines,
4. two distinct points are incident with at most one common line.

A geometric (vr ) configuration is a set of v points and v (straight) lines in the Euclidean
plane, such that precisely r of the lines pass through each of the points, and precisely
r of the points lie on each of the lines. If the value of v is not relevant or not known,
we speak of r -configurations. It is clear that each geometric configuration determines
a combinatorial configuration, while the converse is not true, see Grünbaum (2009).

To shorten the notation, we will frequently omit the word “combinatorial” when
referring to combinatorial configurations while we retain the adjective geometric when
we will speak of geometric configurations.

An r -configuration fully determines its Levi graph L(C) (also called the incidence
graph) (Levi 1929), which is an r -regular bipartite graph with the vertex set P ∪ L,
and the point p ∈ P is adjacent to the line � ∈ L whenever p and � are incident in
C. The consequence of the part 4. in the definition above is that the girth of the Levi
graph is always > 4 (i.e., 6, 8, 10, . . .). Conversely, each bipartite r -regular graph
with girth at least 6 determines a pair of mutually dual r -configurations. We say that
a configuration is connected whenever its Levi graph is connected.

A g-lateral in a configuration is a cyclically ordered set {p0, �0, p1, �1, . . . , �g−2,

pg−1, �g−1} of pairwise distinct points pi and pairwise distinct lines �i such that pi

is incident with �i−1 and �i for each i ∈ Zg . Clearly, g-laterals in a configuration
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(a) (b)

Fig. 1 The reduced Levi graph of the configuration C3(k, p, t) showing the non-zero voltages and the direc-
tions of the edges (a); the same graph with labeled vertices and edges (b), that will be used in the proofs

correspond precisely to 2g-cycles in its Levi graph. Note that for combinatorial
configurations, non-existence of trilaterals is essentially the girth question of the cor-
responding Levi graph, see for instance Betten et al. (2000).

Here, we will mainly focus on two special families of (v3) and (v4) configurations
which were introduced in Boben and Pisanski (2003). Let k ≥ 3, and 0 ≤ t < k be two
integers and p = (p0, p1, . . . , pn−1), n ≥ 2, a vector of integers with 0 < pi < k

2 .
The configuration C3(k, p, t) is defined as a 3-configuration whose Levi graph is a
Zk-covering graph over a graph G in Fig. 1a. In this connection G is called a reduced
Levi graph. For related concepts see also Grünbaum (2009).

Similarly, we define a configuration C4(k, p, q, t) as a 4-configuration with its
Levi graph being a Zk-covering graph over the graph shown in Fig. 5. Here, the
four parameters are: an integer k ≥ 7, an integer 0 ≤ t < k, and integer vectors
p = (p0, p1, . . . , pn−1), q = (q0, q1, . . . , qn−1), where n ≥ 2 and 0 < pi , qi < k

2 .
In works of L. Berman and B. Grünbaum geometric realizations of our C4 configu-
rations are called celestial configurations, see for instance Berman (2006). Note also
that C3 configurations are ((kn)3) configurations while C4 configurations are ((kn)4)

configurations.
We can exploit special structure of C3 and C4 configurations to try to obtain so-called

rotational realizations in the Euclidean plane (Boben and Pisanski 2003). The fact that
there exists a cyclic automorphism α of order k in both C3 and C4 configurations
(because their Levi graph is a Zk covering graph) can be used to realize α as a rotation
through 2π/k about the origin by drawing the points of the same α-orbit as vertices of
a regular k-lateral. We will call such geometric realizations of C3 and C4 configura-
tions simply geometric C3 configurations (geometric C4 configurations). In this case
the values pi and qi indicate spans that a line makes between the points of particular
orbits, see Berman (2006), Boben and Pisanski (2003), Grünbaum (2009) for more
details. An example of a geometric C4 configuration can be found in Fig. 4b.

3 Results on 3-configurations

Proposition 1 Let C be a combinatorial C3(k, (p0, p1, . . . , pn−1), t) configuration,
where n ≥ 6. There is a g-lateral, g = 3, 4, 5, in C precisely when one of the following
expressions equals 0 modulo k:

123



Beitr Algebra Geom

g = 3 : 3pi , (1)

pi ± pi+1, (2)

g = 4 : 4pi , (3)

2pi ± pi+1, (4)

pi ± 2pi+1, (5)

g = 5 : 5pi , (6)

pi ± 3pi+1, (7)

2pi ± 2pi+1, (8)

3pi ± pi+1, (9)

pi ± pi+2, (10)

pi ± pi+1 ± pi+2, (11)

for some i, i = 0, 1, . . . , n − 1 (additions in indices are performed modulo n).

Proof A g-lateral in a configuration corresponds precisely to a 2g-cycle in its Levi
graph. If a configuration is described using a reduced Levi graph, 2g-cycles can be
obtained as Zk-lifts of closed walks in the reduced Levi graph which are of the fol-
lowing form:

v0 e0 v1 e1 · · · v2g−1 e2g−1,

ei �= ei+1, such that the vertices vi and vi+1 are the end-points of the edge ei (additions
in indices are always performed modulo n) and that the voltages on the walk sum to 0
in Zk , i.e.,

∑2g−1
i=0 ξ ′(ei ) = 0 (mod k). Here

ξ ′(ei ) =
{

ξ(ei ) if ei = vivi+1

−ξ(ei ) if ei = vi+1vi

and ξ(ei ) denotes the voltage on the edge ei .
Let the voltages of the reduced Levi graph of C3 configurations be denoted as in

Fig. 1a and let the vertices and edges be labeled as in Fig. 1b. Moreover, let us assume
that the length of the “main” cycle in G has length at least 12 (i.e., n ≥ 6).

Case g = 3. Any closed walk of length 6 (or its inverse) has one of the following
forms

W1 = yi fi xi gi yi fi xi gi yi fi xi gi ,

W2 = xi gi yi hi xi+1 gi+1 yi+1 fi+1 xi+1 hi yi fi ,

W3 = xi gi yi hi xi+1 fi+1 yi+1 gi+1 xi+1 hi yi fi
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with the corresponding voltage sums

ξ(W1) = pi − 0 + pi − 0 + pi − 0 = 3pi ,

ξ(W2) = −0 + 0 − 0 + pi+1 − 0 + pi = pi + pi+1,

ξ(W3) = −0 + 0 − pi+1 + 0 − 0 + pi = pi − pi+1,

which gives Eqs. (1) and (2). Note that for i = n − 1 the voltage corresponding to
yi hi xi+1 is t , but it cancels to 0 with the voltage −t of xi+1 hi yi .

Cases g = 4 and g = 5 can be dealt with similarly; we have to consider all possible
ways to obtain essentially different closed walks of length 8 and 10. This was done by
hand testing and verified with a simple computer program written in Mathematica.

Note the fact that n ≥ 6 is only needed to reduce the number of possible different
closed walks, since it prevents any closed walk of length less than 12 to “encircle” the
graph along the main cycle. �	
Proposition 2 Every combinatorial C3(k, (p0, p1, . . . , pn−1), t) configuration
contains a hexalateral. In case when n = 2 it also contains a 5-lateral.

Proof We have to prove that there is always a closed walk of length 12 in the reduced
Levi graph G of C3 configurations shown in Fig. 1 which lifts to a 12 cycle, and that
there is always a closed walk of length 10 in G which lifts to a 10 cycle when n = 2.
A closed walk of length 12 with voltage 0 is (see Fig. 1 for labels)

x0 g0 y0 h0 x1 g1 y1 f1 x1 h0 y0 g0 x0 f0 y0 h0 x1 f1 y1 g1 x1 h0 y0 f0 x0

while a closed walk of length 10 and voltage 0 when n = 2 is

x0 f0 y0 h0 x1 g1 y1 h1 x0 g0 y0 f0 x0 h1 y1 g1 x1 h0 y0 g0 x0.

�	
Theorem 3 Considering combinatorial C3(k, (p0, p1, . . . , pn−1), t) configurations,
any combination of existence or non-existence of g-lateral, 3 ≤ g ≤ 5, is possible for
particular values of k and p. Moreover, for each N and each of the combinations of
existence of g-laterals a configuration on ≥ N points can be found.

Proof The following table gives combinatorial C3 configurations for all combina-
tions of existence (+) and non-existence (−) of 3-, 4-, and 5-laterals (values of t are
arbitrary):

3-lat. 4-lat. 5-lat. C3 configuration
− − − C3(21, (1, 4, 6, 1, 4, 6), t)
− − + C3(8, (1, 3, 1, 3, 1, 3), t)
− + − C3(9, (1, 2, 4, 1, 2, 4), t)
− + + C3(5, (1, 2, 1, 2, 1, 2), t)
+ − − C3(21, (1, 4, 7, 1, 4, 7), t)
+ − + C3(5, (1, 1, 1, 1, 1, 1), t)
+ + − C3(21, (1, 2, 7, 1, 2, 7), t)
+ + + C3(3, (1, 1, 1, 1, 1, 1), t)

123



Beitr Algebra Geom

Table 1 For each of the eight possible combinations of the existence/non-existence of g-laterals,
g = 3, 4, 5, we list, in order: The smallest C3 configuration, the smallest known combinatorial configu-
ration, and the smallest known geometric configuration

3, 4, 5-lat. Smallest C3 cfg. Comb. Geom.

− − − C3(27, (1, 8, 10), 5) (633) (633)

− − + C3(20, (1, 9), 4) (353) (353)

− + − C3(9, (1, 2, 4), 8)∗,C3(17, (1, 2, 8), 12) (273) (513)

− + + C3(9, (2, 4), 3) (153) (153)

+ − − C3(27, (1, 4, 10), 0) (813) (813)

+ − + C3(7, (2, 2, 2), 3) (213) (213)

+ + − C3(15, (1, 2, 5), 4) (453) (453)

+ + + C3(4, (1, 1), 3)∗∗, C3(3, (1, 1, 1), 1) (73) (93)

All C3 configurations listed are geometric, except the ones marked by asterisks; see Fig. 2 and Remark 1.
Bold-faced entries denote configurations that are known to be the smallest possible of the appropriate kind.
Symbols in italics denote configurations C3 listed in the second column; the smallest configurations for
these positions have not been determined

For each C3(k, p, t) configuration in the table we have to check whether its parame-
ters k, p, t satisfy or do not satisfy the equations of Proposition 1 corresponding to a
particular g.

For example, we claim that the configuration C3(9, (1, 2, 4, 1, 2, 4), t), line − + −
in the table, does not have any trilateral, has at least one quadrilateral and does not have
any 5-lateral. This means that for k = 9, p0 = 1, p1 = 2, p2 = 4, p3 = 1, p4 = 2,

p5 = 4

1. None of the expressions (1), (2) evaluates to 0 modulo 9 for any i ;
2. At least one of the expressions (3)–(5) evaluates to 0 modulo 9 for some i—here

the expression (4) for i = 2 evaluates to 2p2 + p3 = 2 · 4 + 1 = 9 ≡ 0 (mod 9);
3. None of the expressions (6)–(11) evaluates to 0 modulo 9 for any i .

Analogous conditions for other rows in the table can also be easily verified. This
gives the proof of the claim that combinatorial C3 configurations exist for each com-
bination of existence and non-existence of 3-, 4-, and 5-laterals. Note that these are
not the smallest combinatorial C3 configurations satisfying the conditions. See Table 1
and Remark 1 for the smallest combinatorial and geometric examples.

Configurations with n = 6m, m > 1, i.e., arbitrarily large combinatorial configu-
rations corresponding to each possibility are defined by the same values of k while the
sequence p is extended by repeating it m − 1 times. This is true since the extension of
p by repetition gives exactly the same values of the expressions in Proposition 1. �	

Remark 1 All C3 configurations in Table 1 are realizable as geometric C3 configura-
tions, except of those denoted by ∗ and ∗∗, see Fig. 2. The realizations were obtained
using the theory developed in Boben and Pisanski (2003). The configuration denoted
by ∗ is not realizable as geometric C3 configuration since, if we respect the C3 symme-
try, additional incidences occur. In fact, we can recognize it as a subconfiguration of the
configuration C4(9, (1, 2, 4), (3, 3, 3), 7). The configuration ∗∗ is the Möbius–Kantor
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Fig. 2 Geometric C3 configurations from Table 1
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(83) configuration. The claim that C3 configurations in the table are the smallest of
their kind has been proven by examining all admissible values for k, p, and t using a
computer program written in Mathematica.

Remark 2 The configuration C3(9, (2, 4), 3) listed in Table 1, a (183) configuration,
is one of the small trilateral-free (v3) configurations which where studied in Boben
(2006). The smallest 3-configuration without trilaterals is the Cremona–Richmond
(153) configuration. There exist no (163) trilateral-free configurations while there is
only one (173) trilateral-free configuration.

Remark 3 By Table 1, the smallest trilateral- and quadrilateral-free C3 configuration
is the (403) configuration C(20, (1, 9), 4). In general, the smallest trilateral- and quad-
rilateral-free (v3) configurations result from (bipartite) 10-cages. There are 5 non-
isomorphic such configurations on 35 points and all of them are geometric, see Pisanski
et al. (2004).

4 Generalized hexagons

According to Table 1, the smallest C3 configuration without 3-, 4- and 5-laterals is the
C3(27, (1, 8, 10), 5) configuration on 81 points. However, the smallest cubic graph of
girth 12, also called a 12-cage, has 126 vertices and is unique. It is also a bipartite
graph and is therefore the Levi graph of the smallest 3-, 4- and 5-lateral-free 3-config-
uration. In fact, it determines a pair of dual (633) configurations which are also called
generalized hexagons. In Schroth (1999) it is discussed how to draw the hexagons,
using their symmetries, but the presented drawings are not realizations. The ques-
tion of their realization was answered simultaneously with the smallest trilateral- and
quadrilateral-free configurations, but it was published only in Boben (2003). Here we
state the result again.

Theorem 4 The smallest 3-, 4- and 5-lateral-free 3-configurations are two dual (633)

configurations; both are geometrically realizable.

Proof We can produce a C3 realization of these two dual configurations; both the
realization of one of the configurations and the corresponding reduced Levi graph are
shown in Fig. 3. Numerical values of the coordinates of one point of each of the 9
orbits are:

P1 = (0.1416, 0.3908) P2 = (−1.3574,−1.4168) P3 = (−2.6793, 0.9596)

P4 = (−1, 3) P5 = (−1.6789, 2.1752) P6 = (−0.6435, 0.8454)

P7 = (−0.1218,−0.3037) P8 = (−1.0093,−0.4332) P9 = (1, 0)

other points can be obtained as rotations for 2π/7 about the origin.
The above coordinates were obtained using an adaptation of the algorithm described

in Bokowski and Sturmfels (1989). Following this algorithm, a necessary condition
for the existence of a geometric realization can be reduced to finding real parameters
which are zeroes of a so-called final polynomial. The algorithm is adapted in such
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(a)

(b)

Fig. 3 Geometric realization of a (633) configuration, the smallest 3-, 4- and 5-lateral-free 3-configuration
or a generalized hexagon (a) and the corresponding reduced Levi graph of this realization (b). The points
P1, P2, . . . , P9 of the configuration (a) correspond to the vertices x1, x2, . . . , x9 of the voltage graph (b)

a way that we do not need to consider all lines of a configuration, but only lines
from different line orbits which reduces the number of parameters and simplifies the
computation. �	
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(a) (b)

Fig. 4 The smallest combinatorial trilateral-free C4 configuration realized with pseudolines (a), and the
smallest geometric trilateral-free C4 configuration (b)

Fig. 5 The reduced Levi graph of the configuration C4(k, p, q, t) showing the non-zero voltages and the
directions of the edges (left); the same graph with labeled vertices and edges (right)

Remark 4 Note that the points P1, P2, . . . , P9 of the configuration in Fig. 3a corre-
spond to the vertices x1, x2, . . . , x9 of the voltage graph in Fig. 3b, i.e., the point Pi

corresponds, say, to the vertex x0
i of the covering graph if we denote the vertices of

the fiber over xi by x0
i , x1

i , . . . , x6
i .

5 Results on 4-configurations

In Sect. 2 we gave a definition of combinatorial and geometric C4(k, p, q, t) config-
urations which can be described as configurations admitting a reduced Levi graph of
the form depicted in Fig. 5.

The conditions on the parameters k, p, q, t to give a combinatorial 4-configuration
which are given in Boben and Pisanski (2003) are the following.

Theorem 5 (Theorem 15, Lemma 17 in Boben and Pisanski (2003)) For given n ≥
2, k ≥ 7 the sequences p = (p0, p2, . . . , pn−1), q = (q0, q2, . . . , qn−1), 1 ≤ pi ,
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qi < k/2, and the number t determine a ((nk)4) configuration C4(k, p, q, t) if and
only if

pi �= qi , pi �= qi−1, i = 0, 2, . . . , n − 1 (12)

For n = 2, in addition to (12), there are conditions

a − b + c − d �≡ 0 (mod k)

for any possible choice of a, b, c, d, where a ∈ {0, p0}, b ∈ {0, q0}, c ∈ {0, p1},
d ∈ {t, t + q1}.

Moreover, we also have a necessary condition for C4 configuration to be realizable
as geometric C4 configuration.

Theorem 6 (Theorem 15, Lemma 22 in Boben and Pisanski (2003)) If a geometric
C4(k, p, q, t) configuration exists then the equation

cos
p0π

k
cos

p1π

k
· · · cos

pn−1π

k
= cos

q0π

k
cos

q1π

k
· · · cos

qn−1π

k
(13)

holds and

t = 1

2

n−1∑

i=0

(
pi − qi

)
(14)

is an integer.

The smallest combinatorial C4 configuration is the configuration C4(5, (1, 1, 1),

(2, 2, 2), 0), a (154) configuration, while the smallest geometrical C4 configuration is
C4(7, (1, 2, 3), (3, 1, 2), 0), a (214) configuration; see Grünbaum (2009), Grünbaum
and Rigby (1990) for its realization. The smallest known geometric 4-configuration is
(184) found by J. Bokowski, see Grünbaum (2009, p. 173).

In the next theorem we show that there is always a 4-lateral in a C4 configuration, i.e.,
there is no quadrilateral-free C4 configuration, and present the smallest trilateral-free
C4 configuration.

Theorem 7 Every combinatorial C4(k, (p0, p1, . . . , pn−1), (q0, q1, . . . , qn−1), t)
configuration contains a quadrilateral. The smallest trilateral-free combinatorial
C4 configuration is a (514) configuration C4(17, (2, 5, 8), (8, 2, 3), 1) and can be
realized with pseudolines. The smallest trilateral-free geometric C4 configuration is
C4(15, (1, 2, 4, 7), (6, 3, 6, 3), 11), a (604) configuration.

Remark 5 Both configurations are shown in Fig. 4. The presented (604) configu-
ration is currently the smallest known geometric trilateral-free (v4) configuration.
The smallest combinatorial trilateral-free (v4) configuration arises from the (4, 8)-
cage, which has 80 vertices, and is thus a (404) configuration.

123



Beitr Algebra Geom

Proof of Theorem 7 A closed walk of length 8 with voltage 0 in the reduced Levi
graph of C4 configurations, see Fig. 5 for labels, is

x0 f0 y0 f ′
0 x1 g′

0 y0 f0 x0 g0 y0 g′
0 x1 f ′

0 y0 g0 x0.

It gives an 8 cycle in the Levi graph and a quadrilateral in the configuration.
Cycles of length 6 in the Levi graph of a C4 configuration (trilaterals in the config-

uration) arise from closed walks of length 6 in the reduced Levi graph, see Fig. 5. In
the case n ≥ 4 all different possibilities for the voltages of the closed walks of length
6 are

3pi 3qi

pi ± pi+1 qi ± qi+1
pi ± 2qi qi ± 2pi

pi+1 ± 2qi qi ± 2pi+1
pi + pi+1 ± qi pi ± pi+1 − qi

qi ± qi+1 + pi+1 qi + qi+1 ± pi+1

and their negative values. For example, the walks with voltage pi + qi + pi+1 are

xi gi yi f ′
i xi+1 gi+1 yi+1 fi+1 xi+1 g′

i yi fi xi .

For n < 4 we get more different closed walks of length 6, and thus more different
voltages, since we have to consider the closed walks containing the “main” cycle.
Note that those walks can contain the voltage t while in the walks considered above it
cancels out.

If we check all possible values for p, q and t at some k satisfying conditions of
Theorem 5 and such that none of the voltages above has value 0 (mod k) (i.e., there
is no cycle of length 6 and hence no trilateral) we find out the following. The smallest
values for k when this happens are:
n = 2. For k = 30 we get three combinatorially non-isomorphic (604) configurations

C2,1 = C4(30, (1, 11), (7, 13), 26), C2,2 = C4(30, (1, 2), (8, 11), 7),

C2,3 = C4(30, (1, 7), (11, 13), 22).

None of them satisfies the conditions of Theorem 6, thus they are not realizable as C4
configurations.
n = 3. For k = 17 we get a unique combinatorial (514) configuration C4(17, (2, 5,

8), (8, 2, 3), 1). It does not satisfy the condition (13) of Theorem 6. Thus, it is not
realizable as a geometric C4 configuration with straight lines, although it is realizable
with pseudolines, see Fig. 4a. For k = 18 and k = 20 we also get trilateral-free
configurations but none of them is realizable as a C4 configuration by Theorem 6.
n = 4. For k = 15 we get four combinatorially different (604) configurations

C4,1 =C4(15, (1, 2, 4, 7), (6, 3, 6, 3), 11), C4,2 =C4(15, (1, 2, 4, 7), (6, 3, 6, 3), 1),

C4,3 =C4(15, (1, 2, 4, 7), (6, 3, 6, 3), 3), C4,4 =C4(15, (1, 2, 4, 7), (6, 3, 6, 3), 13).
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Only C4,1 satisfies the conditions of Theorem 6. In this case, the conditions are also
sufficient (we do not get accidental incidences); the realization is found in Fig. 4b.
These four are not isomorphic to any of the configurations in case n = 2.

6 Conclusion

As it follows from the discussion in previous sections, the construction of combina-
torial configurations with prescribed and prohibited multilaterals is equivalent to the
problem of constructing regular bipartite graphs with prescribed and prohibited cycles.
The latter question has been addressed in Boben et al. (2011) where the authors prove
that given arbitrary parameters k ≥ 2, 3 ≤ g1 < g2 < · · · < gs < N , it is possible
to construct a k-regular bipartite graph that contains cycles of lengths g1, g2, . . . , gs

but no other cycles of length < N . This answers the question about existence of com-
binatorial configurations with prescribed and prohibited multilaterals. However, the
equivalent problem for geometric configurations remains open in general formulation.

Acknowledgments Supported in part by ARRS Grant P1–0294, by ESF grant EUROGiga/GReGAS and
by a grant from The Picker Interdisciplinary Science Institute, Colgate University.
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Pisanski, T., Boben, M., Marušič, D., Orbanić, A., Graovac, A.: The 10-cages and derived configura-

tions. Discrete Math. 275, 265–276 (2004)
Schroth, A.: How to draw a hexagon. Discrete Math. 199, 167–171 (1999)
Visconti, E.: Sulle configurazioni piane atrigone. Giornale di Matematiche di Battaglini 54, 27–41 (1916)

123


	Multilaterals in configurations
	Abstract
	1 Introduction
	2 Definitions
	3 Results on 3-configurations
	4 Generalized hexagons
	5 Results on 4-configurations
	6 Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


