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1 Constructing Splits Graphs

In this class, we had the presentation on the paper "Construting Splits Graphs" by
Bakhtiyar Uddin. The authors of the papers are Andreas W.M. Dress and Daniel
H.Huson.

1.1 Introduction

The authors present a fast and e cient way to generate splits graph from set of splits.
The solution presented by the authors is novel for plane spts graph and runs in
polynomial time.

Note: A split graph is a graphical representation of an arbitrary splits system A
planar graph is that can be drawn in the plane without crossing edges.

2 Outline

In this notes, we will cover the following :-
Key Result and application.
Presentation summary.

Each algorithms that the authors make use of in brief. We will discuss the inputs,
outputs and what the algorithm does.

Inferences about the paper.

References

3 Key Result

Every compatible split systems have only one phylogeneticree. However, to
accommodate con icting and incompatible phylogenetic rehtionships, weakly compatible
and circular split systems are used. Any split system can be igualized by a splits graph.

Previous approaches in practise generate splits graph by gbying convex hull expansion
algorithm to get median network and then applying local simpli cation rule to produce
low dimensional graph. In practice, this approach is feasible for small split sysems. The
authors propose an e cient and fast procedure that works quite well in case of circular
graph.

The procedure described by authors run inO(k? + nk) ( or in other words, quadratic ) for
circular split systems.



Note: compatible split systemsare split systems where any two splits are compatible. And
anyl.two sphtls S andI.Sz are salq, to becompatlble if one of the four intersections,

Ar AxA; A% AY Ajror AY ASis empty:.

The de nitions of weakly compatlble and circular splits are not used in this algorithm,
however they are provided inSection 2 of the paper.

3.1 Application

The splits graph, being a graphical representation, of sptigraph can provide useful
insights into ambiguous or con icting data.

4 Presentation summary

In the presentation, we mainly discussed construction of @ne splits graphs from set of
splits. We also looked at all the de nitions, theorems and ndations before looking at the
algorithm in detail. We then looked at construction of non planar splits graph briey.

5 Algorithms used for Planar Graphs

5.1 Main Algorithm - Algorithm 4

Algorithm 4 [Plane splits graph]

Input: A set of taxa X = {x1,...,x,}, a set Z‘T of nontrivial
A-splits, circular with respect to the ordering
(x1,29,...,2,), and the set ZO of all trivial X-splits.

Output: Outer- Inbefed plane splits graph G representing

»uye.

Apply Algorithm 1 to obtain a splits graph (G, v) representing
Zf)
Order the set Z‘T by increasing size of the split part containing
I
For each split S, € S = {81, 8...., 5}, do

Determine p, q such that S, = k{’{ ta

Apph; Algorithm 2 to find a shortest pﬂth P from v(x,) to

()

Appiy Algorithm 3 to G,_,, S; and P to obtain G,

return (..

This is the main algorithm that calls other algorithms. Here for every splits

(in increasing order ) we build the splits graph iteratively. The steps consists d
constructing a star graph as provided byalgorithm 1 from set of taxas. Then for each
splits arranged in ascending order, we nd the shortest pathbetween end points of the
smaller part of the split using the circular ordering in algorithm 2 . Finally by applying
algorithm 3 we obtain the new split graph including the current split. Th us at the end of
algorithm 4 we will have the split graph for the input planar graph.



5.2 Algorithm 1

This algorithm accepts an ordering and set of all trivial splits and returns outer-labeled
plane splits graph. In this case, the outer-labeled plane sfi graph will be a star tree
with all the leaves labeled. Note: trivial splits are splits with one element versus
remaining elements.

5.3 Algorithm 2

Algorithm 2 [Find shortest path]
Input: Graph G;_ and split S; = H
Output: Shortest path P = (u, €, U1, €1, . . ., u,) from

uy = v(zp) to ug = v(xy).

Set uy = v(xy) and ey = f, (with f, defined as in Fig. 3a)
Set i =0
repeat
Increment 1
Define u; to be the vertex opposite to u,;_, across
€i—1
Define e; to be the first successor of e;_, in E(u;)
such that e; & {f1,..., fa} — {f}
until e; = f,  (have reached v(z,))
Set u; = v(zy)
end.

This algorithm takes in the graph generated from the previots iteration and current split.



Then it nds path from extreme end points of small part of the split. In other words, if p
and q are the vertices in the extreme considering the circular ordring of the part of the
split, algorithm 2 returns path from p to q but through the frontier of G; 1. This takes
O(k + n) steps wherek is the number of splits in the splits set andn is the number of leaf
edges.

5.4 Algorithm 3

This is main part of the algorithm where we use the path returned by algorithm 2 and
G; 1 and provide the outer labeled plane splits graph. This algoithm functions by adding
new vertices and edges for each vertex in the path so that thessociated edge-coloring
property holds. Associated edge-coloring property is discssed intheorem 1 of the paper.
According to the paper, this property holds whenever every olor in any path in split
graph corresponds to a particular split. If we remove all theedges with same colors, we
will get the split associated with that color. This is discussed in detail in theorem 1.



6 Algorithms for Non Planar Graphs

Here the main algorithm for adding non-circular split is derived from algorithm for
computing median networks. Since the resulting graphs can & of higher dimensional, the
authors propose one to usalgorithm 4 to add the circular splits and then use
algorithm 6 to process remaining edges. It is also mentioned thaglgorithm 6 is
simpli cation of the convex hull expansion algorithm. In hi gh level, the main step is
addition of new vertices and new edges for every path along #ncommon edges between
the convex hull of the graph G; 1 and the current split.

7 Comments about paper

Splits graph are quite useful in the case of circular split sgtem or planar split system. In
case of more complicated split system, the split graph genated will be highly dense to be
of signi cant use. The paper does not discuss any alternaties to split graph on more
complex split system. The paper also has not compared utily of decomposed split graphs
against complete splits graph.
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