BOLLOBAS-RIORDAN POLYNOMIAL OF A RIBBON GRAPH

Abstract

This paper is a summary of a talk given by Timothy All at the Ohio
State University, Summer quarter 2005 in the VIGRE working group
“Knot Theory and Combinatorics”. We shall define ribbon graphs and
introduce the four polynomial invariant according to [1]. We shall then
summarize the main results of [1], that is we shall prove that the aforemen-
tioned polynomial R(G) satisfies the relation R(G) = R(G/e)+R(G—e).

1 Ribbon Graphs

Ribbon graphs can informally be defined as disks attached to each other by thin strips.
Keeping this intuitive idea of ribbon graphs in mind, formally we have that a ribbon
graph G is a surface S with boundary with two finite sets of disks: a set V(G) of
vertices and a set E(G) of edges. These sets are subject to the following restrictions:

- disks and ribbons intersect by disjoint line segments
- each such line segment lies on the boundary of precisely one vertex and one edge

- every edge contains exactly two such line segments

Example A ribbon graph G with edge e.

Now, let us define some graph parameters for a ribbon graph G. Let
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We say that ¢(G) = 0 if G is orientable and ¢(G) = 1 if otherwise. Note: k(G
corresponds to the connectedness of G as a graph whereas bc(G) corresponds to the
connectedness of the boundary of G as a geometric ribbon graph or surface. Moreover,
we say that an edge is a loop if both ends of the edge are adjacent to the same vertice,
and an edge is called a bridge if its removal would disconnect a component of G, i.e.
if it alters the value of k(G). If e is neither a loop nor a bridge, then it is said to be
ordinary.



2 Contracting and Deleting Edges, and Com-
bining Ribbon Graphs

There are four operations that can be performed on a ribbon graph and they affect
the graph parameters in varying ways. The first such operation we shall consider will
be deleting or removing an edge. To delete an edge from a ribbon graph we simply
remove the edge e from the set F(G) and denote the resulting graph by G — e.

Example Let G be the ribbon graph of the previous example with edge e. Then
G — e is the ribbon graph:

If e is an ordinary edge or a loop, then deletion of e only affects e(G) such that
e(G —e) = ¢(G) — 1. All other parameters remain unchanged. If e is a bridge, then
in addition we have that k(G —e) = k(G) + 1.

For an edge e that is not a loop, we may also contract e in G. Let e be adjacent
to the vertices v1 and v2. To contract e, we delete e, v1, and v and introduce the new
vertice e U vy Uwvz. We denote the resulting graph by G/e.

Example Using our familiar example where e U vi Uve = w, we see that G/e is the
graph:

For contraction of an edge e, k(G),n(G), bc(G), and ¢(G) remain unchanged while
v(G) and r(G) decrease by one.

Now, we shall consider how we may combine two ribbon graphs. The first and most
obvious way to join two ribbon graphs G; and G2 is to take the disjoint union. We
denote this combination by G & Gz. The parameters v(G), e(G), k(G),r(G),n(G),
and bc(G) are all additive with respect to disjoint unions.

The other method of combining ribbon graphs is to take the connected sum or in
other words to create a one-point join. To do this we choose any vertice v1 in G; and
any vertice vz in Gz, then we pin the two ribbon graphs together at these vertices by
identifying a segment of the boundary of v1 with a segment of the boundary of v2. We
denote this combination by Gi - Ga.

Example Refering to our previous examples, this would be one way to form the
connected sum of G and G/e:



Note that e(G),r(G), and n(G) are additive with respect to one-point joins, while
v(G), k(G), and be(G) lose one, that is k(G1 - G2) = k(G1) + k(G2) — 1, ete.

We need only the notion of a spanning subgraph before we define the ribbon graph
polynomial. A spanning subgraph of a ribbon graph G is a subgraph of G that
includes all the vertices of G but only a subset of the edges. So, there are naturally
2¢(®) spanning subgraphs of any ribbon graph G.

3 The Ribbon Graph Polynomial

The ribbon graph polynomial is similar to the Tutte polynomial but with some extra
topological information.

Definition The ribbon graph polynomial R(G) is defined as follows:
R(G) = Z (X — 1)7‘(G)—7‘(H)Yn(H)Zk(H)—bc(H)+n(H)Wt(H) ®)
HCG

where the sum is taken over all spanning subgraphs H, and R(G) € Z[X,Y, Z, W]/ (W?—

Note that v(H) = v(G, so r(G) — r(H) = k(H) — k(G). Using this equality we can
rewrite (8) as follows:

RG) = (X-1)M9 Y™ MH) (9)
HCG
where
M(H) _ (X _ 1)k(H)Y"(H)Zk(H)—bC(H)-‘rn(H) Wt(H) (10)

Also note that M (H; WH>) = M (H;)M (Ha) since all the parameters in the exponents
of M(H) are additive with respect to disjoint unions. What’s more, since k(H;-Hs) =
k(H1)+k(H2) —1 and bC(H1 'HQ) = bC(H1)—|—bC(H2)— 1 we have that M(Hl)M(Hz) =
(X —1)M(H;: - H2). As H; and Hy run over the spanning subgraphs of G1 and G2
respectively, we have that H; W Hy and H; - Hz run over the spanning subgraphs of
G W G2 and G - G2 respectively. And so we find that

R(G1WGy) = (X —1)HC1¥G2) > M (H;)M (Hz)
H;1CG1,H2CG2

R(G1)R(G2)

and

R(G1 - Go) (X —1)F(G1G2) > M(H;)M(Hz)(X — 1)}

H;1CG1,H2CG2
— (X_l)—k(Gl)—k(G2)+1—1 Z M(H;)M (H>)
H;CG1,HyCG2
—  R(G1)R(Gs)



4 Main Theorem

Theorem 4.1 Let G be any ribbon graph, then
R(G) = R(G/e)+ R(G —e¢) (11)
for every ordinary edge e of G, and
R(G) = XR(G/e) (12)
for every bridge e of G.

Proof The subgraphs of G not containing e are all the subgraphs of G — e. Now,
let ¢ : H — H/e such that ¢ is a bijection between the subgraphs of G containing
e to the subgraphs of G/e. Since the parameters in the exponents of M(H) are all
unchanged by the contraction of an ordinary edge e, we have that M(H) = M (H/e).
Now, suppose e is an ordinary edge, so that k(G) = k(G — e) = k(G/e), and we see
that

RG) = (x-1n ™M S ME+x - N MH)
HCG,e¢E(G) HCG,ccE(G)
= (X-1)ME N MH)+ (X —1)7HED D" M(H)
HCG-e HCG/e

= R(G—e)+ R(G/e)

proving (11). Now suppose e is a bridge in G so that k(G —e) = k(G) + 1, and we
see that

R(G) = (X-1)F9 Z M(H) + (X — 1)~k(€/) Z M(H)
HCG-e HCG/e
= (X- 1)—’“(G—e)+1 Z M(H) + R(G/e)
HCG-e

(X — 1)R(G — ) + R(G/e)

But since e is a bridge in G, we can view G — e as the disjoint union of two graphs G1
and Gz, that is G — e = G1 W G2. And similarly we may view G/e as the connected
sum of G1 and Gg, i.e. G/e = G1-G2. From what has gone on before, we know that
R(G — e) = R(Gl ] Gz) = R(Gl)R(Gz) = R(Gl . Gz) = R(G/e) And SO we have
that R(G) = XR(G/e) proving (12).

References

[1] B. Bollobés, O. Riordan, A Polynomial of Graphs on Surfaces, Math. Ann. 323(1)
(2002), 81-96.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


