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Abstract. The effective and efficient prediction and reconstruction of
biological networks for a variety of inter-species and intra-species organ-
isms have been a challenging research topic in computational system
biology. They are becoming more and more important with the immense
increase of good-quality data now available from high-throughput ge-
nomic, proteomic and metabolomic sources.
Our research focuses on the network alignment problem on a class of bio-
logical networks which can be modeled as directed acyclic graphs(DAG)
such as phylogenetic networks, and metabolic pathways. Our objective
is to obtain the minimal cost of mapping of multi source tree into DAG;
and our approach is to employ dynamic programming to obtain the ap-
proximately optimal solution. We implemented the algorithm and are
evaluating the preliminary results on metabolic network.
Further efforts are underway to analyze the computational complexity
of the specified DAG mapping problem and to build a general tool for
automatically mining feasible patterns for the reconstruction of multiple
bimolecular networks at different levels and dimensions.
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1 Introduction and Related Work

Graph theoretic formalism is adopted to study the subgraph mapping problem.
Some papers in pathway mapping only consider the maximal similarity of se-
quences composing the network. Their authors assumed that the networks have
the same fixed topology. However there are some others who consider not only
sequence similarity but also network topological similarity. Pinter et al. modeled
metabolic network of pathways as outgoing trees with different size and reduced
the problem to the approximate labeled tree homeomorphism one[1]. Kelly et
al. rebuilt a global alignment graph in which each vertex represents a pair of
proteins and each edge represents a conserved interaction, gap, or mismatch;
and then they try to find the highest-scoring path with limited length and no
consecutive gaps or mismatches([4], [5] and [6]).

Both vertex similarity and network topology similarity are considered in net-
work alignments. Chen et al. formulated the problem as an integer quadratic
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problem to obtain the global similarity score based on the mapping of as many
as node-node similarity and as many as edge-edge similarity[2]. Yang et al. em-
ployed an exhaustive searching approach to find the vertex-to-vertex and path-
to-path mappings having the maximal mapping score with the limited length of
gaps or mismatch[3].

To explore the general mapping problem, we focus on the solution to a class of
problems of mapping of multi source tree to the networks which can be modeled
as directed acyclic graphs. A solution based on dynamic programming is pro-
posed in this paper so that a vertex-to-vertex and edge-to-path mappings with
the minimal homomorphism cost is obtained. The flexible interface can be pro-
vided to support different vertex similarity calculation and different approaches
to generate random graphs.

2 Network Alignment Problem Formulation

2.1 NOTATION AND DEFINITIONS

Definition 1. A directed path is a sequence of distinct vertices v0, v1, ...vi, ...vk

and edges e0, e1, ...ei, ...ek−1 such that ei is an edge directed from vi to vi+1, for
all i < k. We denote the path with the first vertex v0 and the last vertex vertex
vk by P0,k. In this paper, path will always mean ’directed path’. Two or more
disjoint Paths mean that they share at least no last vertex with each other.

Definition 2. Pattern tree T =< V T , ET , LT > is a multi-source tree in
which V T is the vertex set, ET is the edge set, and LT is the label set. Every
vertex in V T has unique label in LT . The multi-source tree is a directed acyclic
graph(DAG), whose underlying undirected graph is a tree [1].

Definition 3. Text G =< V G, EG, LG > is a directed acyclic graph(DAG) in
which V G is denoted as vertex set, EG is denoted as edge set, and LG is denoted
as label set. Every vertex in V G has its unique label in LG.

Definition 4. A mapping from pattern T =< V T , ET , LT > to text G =<
V G, EG, LG >(f : PatternT → TextG) is called homomorphic if

1. every vertex in V T is mapped to a vertex in V G (fv : V T → V G);
2. every edge e=(u, v) in ET is mapped to a path in PG(fe : ET → PG). The

path is a ordered sequence u0 = f(u), u1, u2, ..., uk = f(v) of vertices in PG;

Definition 5. Let ∆ : LT × LG → < denote the 2-place relation on the set
of all ordered pairs of a vertex in V T and a vertex in V G to a real number. δ
represents the penalty score for deleting a vertex from a path. The cost of a
homomorphic mapping f : T → G is

cost(f)
∑

v∈VT

∆(v, f(v)) + δ ×
∑

e∈ET

(|f(e)| − 1)
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2.2 PROBLEM FORMULATION

Given pattern tree T and text graph G, find a homomorphic mapping that mini-
mize the homomorphic cost. The homomorphic mapping allows vertices repeated
occurrence.

An example of the mapping between metabolic pathways are as follows.Our
objective in the example is to find a mapping of pattern graph into the pydrim-
idine ribonucleotide ribonucleoside metabolism pathway so that the mapping
score is minimized.

Fig. 1. Pattern graph is a multi source tree. Text graph is a pydrimidine ribonucleotide
ribonucleoside metabolism pathway which is a DAG.

2.3 Dynamic Program Algorithm

We build a two dimension table DT for our dynamic program by the post order
traversal. Every column is a homomorphic mapping from every vertex of pattern
T to a vertex of text G. Every row is a mapping from a vertex of pattern T to
every vertex of text G. The default value in every entry is initialized to infinity.

The recursive function for the dynamic program is as follows,

DT (uT , vG) = min{∆(uT , vG) +
∑

uT
i ∈uT .children

min
vG

i ∈vG.children
DT (uT

i , vG
i ), (1)

PenalityOfDelete(v) + min
vG

i ∈vG.children
DT (u, vG

i )}} (2)



4 Optimal Mapping of Multi Source Trees into DAG in Biological Network

3 Future Work

More meaningful experiments are in need. We will generate the pattern graph
randomly by network motifs with small number of vertices of different and ran-
dom labels such as with the size of 3, 4 and 5 vertices[7]. These generated patterns
will be used to verify the reliability of our algorithms.

4 Conclusion

We devote ourselves to the studies of mining graph data and their application of
studying biological evolution and reconstruction. We reformulated the problem
proposed in [1], designed and implemented the dynamic programming. Further
efforts are in need to evaluate our algorithm so that we could have a deeper
understanding towards the studies of biological evolution and reconstruction.
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