Planar emulators conjecture is nearly true
for cubic graphs

Martin Derka' and Petr Hlinényl

Abstract. We prove that a cubic nonprojective graph cannot have a finite planar
emulator, unless one of two very special cases happen (in which the answer is
open). This shows that Fellows’ planar emulator conjecture, disproved for general
graphs by Rieck and Yamashita in 2008, is nearly true on cubic graphs, and might
very well be true there definitely.

1 Introduction

A graph G has a finite planar emulator H if H is a planar graph and
there is a graph homomorphism ¢ : V(H) — V(G) where ¢ is locally
surjective, i.e. for every vertex v € V(H), the neighbours of v in H are
mapped surjectively onto the neighbours of ¢(v) in G. We also say that
such a G is planar-emulable. If we insist on ¢ being locally bijective, we
get a planar cover.

The concept of planar emulators was proposed in 1985 by M. Fel-
lows [5], and it tightly relates (although of independent origin) to the bet-
ter known planar cover conjecture of Negami [10]. Fellows also raised
the main question: What is the class of graphs with finite planar emula-
tors? Soon later he conjectured that the class of planar-emulable graphs
coincides with the class of graphs with finite planar covers (conjectured to
be the class of projective graphs by Negami [10]—still open nowadays).
This was later restated as follows:

Conjecture 1.1 (M. Fellows, falsified in 2008). A connected graph has
a finite planar emulator if and only if it embeds in the projective plane.

For two decades the research focus was exclusively on Negami’s
conjecture and no substantial new results on planar emulators had
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been presented until 2008, when emulators for two nonprojective
graphs were given by Rieck and Yamashita [12], effectively disproving
Conjecture 1.1.

Planar emulable nonprojective graphs.  Following Rieck and Ya-
mashita, Chimani et al [2] constructed finite planar emulators of all the
minor minimal obstructions for the projective plane except those which
have been shown non-planar-emulable already by Fellows (K3 5 and “two
disjoint k-graphs” cases, Def. 2.1), and K44 — e. The graph K44 — e is
thus the only forbidden minor for the projective plane where the existence
of a finite planar emulator remains open. Even though we do not have a
definite replacement for falsified Conjecture 1.1 yet, the results obtained
so far [2,4] suggest that, vaguely speaking, up to some trivial opera-
tions (“planar expansions”), there is only a finite family of nonprojective
planar-emulable graphs. A result like that would nicely correspond with
the current state-of-art [9] of Negami’s conjecture.

While characterization of planar-emulable graphs has proven itself to
be difficult in general, significant progress can be made in a special case.
Negami’s conjecture has been confirmed in the case of cubic graphs in
[11], and the same readily follows from [9]. Here we prove:

Definition 1.2. A planar expansion of a graph G is a graph which results
from G by repeatedly adding a planar graph sharing one vertex with G,
or by replacing an edge or a cubic vertex with a connected planar graph
with its attachments (two or three, resp.) on the outer face.

Theorem 1.3. If a cubic nonprojective graph H has a finite planar emu-
lator, then H is a planar expansion of one of two minimal cubic nonpro-
Jjective graphs shown in Figure 1.1.

A computerized search for possible counterexamples to Conjecture 1.1,
carried out so far [4], shows that a nonprojective planar-emulable graph G
cannot be cubic, unless G contains a minor isomorphic to &, K45 —4K>,
or a member of the so called “K7 — C4 family”. Our new approach, The-
orem 1.3, dismisses the former two possibilities completely and strongly
restricts the latter one.

2 Cubic planar-emulable graphs

The purpose of this section is to prove Theorem 1.3. In order to do so,
we need to introduce some basic related concepts.

Definition 2.1. Graph G is said to contain two disjoint k-graphs if there
exist two vertex-disjoint subgraphs Ji, J, € G such that, fori = 1,2,
the graph J; is isomorphic to a subdivision of K4 or K3 3, the subgraph
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G] G2

Figure 1.1. Two (out of six in total) cubic irreducible obstructions for the projec-
tive plane [6]. Although these graphs result by splitting nonprojective graphs for
which we have finite planar emulators [2] (namely K7 — C4 and its “relatives”),
it is still open whether they are planar-emulable.

G — V(J;) is connected and adjacent to J;, and contracting in G all the
vertices of V(G) \ V (J;) into one results in a nonplanar graph.

Proposition 2.2 (Fellows, unpublished).

a) The class of planar-emulable graphs is closed under taking minors.

b) If G is projective and connected, then G has a finite planar emulator
in form of its finite planar cover.

¢) If G contains two disjoint k-graphs or a K3 5 minor, then G is not
planar-emulable.

d) G is planar-emulable if, and only if, so is any planar expansion of G .

Proof of Theorem 1.3. Glover and Huneke [6] characterized the cubic
graphs with projective embedding by giving a set Z of six cubic graphs
such that; if H is a cubic graph that does not embed in the projective
plane, then H contains a graph G € 7 as a topological minor.

Let us point out that four out of the six graphs in Z contain two dis-
joint k-graphs, and so only the remaining two— G| € 7 and G, € 7 of
Figure 1.1, can potentially be planar-emulable. Hence the cubic graph
H in Theorem 1.3 contains one of G, G, as a topological minor. In
other words, there is a subgraph G’ € H being a subdivision of a cubic
G e {G], Gz}

We call a bridge of G’ in H any connected component B of H—V (G’)
together will all the incident edges. In a degenerate case, B might consist
just of one edge from E(H) \ E(G’) with both ends in G'. We would
like, for simplicity, to speak about positions of bridges with respect to the
underlying cubic graph G: Such a bridge B connects to vertices u of G’
which subdivide edges f of G —this is due to the cubic degree bound,
and we (with neglectable abuse of terminology) say that B attaches to
this edge f in G itself.
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Figure 2.1. [llustration for Lemma 2.3. The trivial bridge on the left takes over
the role of a branch vertex of G in the subdivision, resulting in existence of a
nontrivial bridge. The other case shows when the transitive closure of declared
attachment becomes important.

A bridge B is nontrivial if B attaches to some two nonadjacent edges of
G, and B is trivial otherwise. For a trivial bridge B; either B attaches to
only one edge in G, and we say exclusively, or all the edges to which B
attaches in G have a vertex w in common and we say that B attaches to
this w.

We divide the rest of the proof into two main cases; that either some
bridge of G’ in H is nontrivial or all such bridges are trivial. In the “all-
trivial” case one more technical condition has to be observed: Suppose
B1, B, are bridges such that B; attaches to w and B, attaches to an edge
f incident to w in G (perhaps B, exclusively to f). On the path Py
which replaces (subdivides) f in G’, suppose that B, connects to some
vertex which is closer to w on P, than some other vertex to which B;
connects to. Then we declare that B, attaches to w, too. This is well
defined because of the following (Figure 2.1):

Claim 2.3. Let G’ € H be a subdivision of G where G, H are cubic
graphs. Suppose that all bridges of G’ in H are trivial, and that a bridge
By attaches (is declared to) both to w; and w,, where wyw, € E(G).
Then there is G” € H which is a subdivision of G, too, and a nontrivial
bridge of G” in H exists.

In the described situation, we call By a conflicting bridge. We then
continue with the following claim obtained by routine examination of
(collections of) trivial bridges in view of Definition 2.1 (Figure 2.2).

Claim 24. Let G’ € H be a subdivision of G where G, H are cubic
nonprojective graphs and G does not contain two disjoint k-graphs. Sup-
pose that all bridges of G’ in H are trivial, and no one is conflicting
(cf. Lemma 2.3). Then H does not contain two disjoint k-graphs if, and
only if, H is a planar expansion of G.

After that, we use an exhaustive computerized enumeration of nontriv-
ial bridges to conclude the following. We would like to point out that
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Figure 2.2. Illustration of three collections of trivial bridges that attach to a
cubic vertex u. The first collection gives a planar expansion, while the other two
are the “minimal” non-planar-expansion cases.

due to necessity of the K3 5 case, there is likely no simple handwritten
argument summarizing the cases similarly as done in Lemma 2.4.

Claim 2.5. Let G’ € H be a subdivision of G where G, H are cubic
nonprojective graphs. If there exists a nontrivial bridge of G” in H, then
H contains two disjoint k-graphs or a K3 s minor.

3 Conclusions

We identified two graphs (Figure 1.1), for which existence of finite planar
emulator now becomes extremely interesting. We would like to point out
that similarity of these two graphs suggest that if one has a finite planar
emulator, so does the other one. If we however elaborate on this idea and
attempt to “unify” the graphs in the form of a common supergraph, we
have to use a nontrivial bridge. Perhaps, this provides a clue that these
two graphs should not be planar-emulable. Thus, providing an answer
for any of these two graphs would bring a better insight to the problem of
planar emulations not only for the cubic case, but also in general.

References

[1] D. ARCHDEACON, A Kuratowski Theorem for the Projective Plane,
J. Graph Theory 5 (1981), 243-246.

[2] M. CHIMANI, M. DERKA, P. HLINENY and M. KLUSACEK, How
Not to Characterize Planar-emulable Graphs, Advances in Applied
Mathematics 50 (2013), 46-68.

[3] M. DERKA, “Planar Graph Emulators: Fellows’ Conjecture”,
Bc. Thesis, Masaryk University, Brno, 2010.

[4] M. DERKA, Towards Finite Characterization of Planar-emulable
Non-projective Graphs, Congressus Numerantium 207 (2011), 33—
68.

[5] M. FELLOWS, “Encoding Graphs in Graphs”, Ph.D. Dissertation,
Univ. of California, San Diego, 1985.



250

[6] H. GLOVER andJ. P. HUNEKE, Cubic Irreducible Graphs for the
Projective Plane, Discrete Mathematics 13 (1975), 341-355.

[7] P. HLINENY, “Planar Covers of Graphs: Negami’s Conjecture”,
Ph.D. Dissertation, Georgia Institute of Technology, Atlanta, 1999.

[8] P. HLINENY, 20 Years of Negami’s Planar Cover Conjecture,
Graphs and Combinatorics 26 (2010), 525-536.

[9] P. HLINENY and R. THOMAS, On possible counterexamples to
Negami’s planar cover conjecture, J. of Graph Theory 46 (2004),
183-206.

[10] S. NEGAMI, Enumeration of projective-planar embeddings of
graphs, Discrete Math. 62 (1986), 299-306.

[11] S. NEGAMI and T. WATANABE, Planar cover conjecture for 3-
regular graphs, Journal of the Faculty of Education and Human
Sciences, Yokohama National University 4 (2002), 73-76.

[12] Y. RIECK and Y. YAMASHITA, Finite planar emulators for K45 —
4K, and K35, and Fellows’ conjecture, European Journal of
Combinatorics 31 (2010), 903-907.



	Planar emulators conjecture is nearly true for cubic graphs
	1 Introduction
	2 Cubic planar-emulable graphs
	3 Conclusions
	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 1.4
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




