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The underlying formal mathematical model for ENISI is a Co-evolving Graph-
ical Discrete Dynamical System (CGDDS) framework [2, 1]. CGDDS is
a time varying network model which captures the co-evolution of regula-
tory and effector mucosal immune responses, the inflammation/regulation
dynamics, and individual cellular behavior. CGDDS is described in more
detail in [1]. This mathematical model is extended in ENISI to capture the
cellular interactions that occur with the movement of immune cells and bac-
teria. Here we provide an informal description of the mathematical model.
For a comprehensive description please refer to [3].

An extended Co-evolving Graphical Discrete Dynamical System
CGDDS over a given domain D of state values is a triple (Gt,F ,W ) where
Gt is a time varying graph, F is a set of state transition functions and W is
an update scheme [4, 3]. In the rest of this paper, we will assume that nodes
are updated synchronously. The components of CGDDS can be described as
follows.

The dynamic network Gt(Vt, Et) is a graph where vertices and edges can
change over time. For the sake of simplicity, we will ignore time index.
The set of vertices V = {v1, v2, . . . vn} represents the set of immune cells or
bacteria. Also let S = {S1, S2, . . . Sm} ∈ D be a set of all possible states
(phenotypes) that an individual cell can take. We also define st(v) ∈ S as
the state of any vertex v ∈ V at time t.

The interactions between the vertices of the graph are based on spatial
proximity. As cells move, their contacts are changed, which results in the
addition or deletion of edges. These are the basis of changes within the
contact network.

For each vertex (cell) v, g denotes the edge modification function that
takes as input the state of the vertex st(v) at time t and returns the set of
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edges that v will be adjacent to in a given time period. In other words, g
captures the time varying edges at t+ 1 in the graph.

Given this defined formalism, the cell state transitions occur as described
in the following section. For each vertex v ∈ V let f be the function repre-
senting state transition. The function f takes as input the state of the vertex
at time t, the states of other vertices of the edges incident on v and provides
the state of v at time t + 1 as output. If vertices v1, v2, . . . , vk are adjacent
to vertex v we can define the state transition function for v as:

st+1(v) = f(st(v), st(v1), st(v2), . . . , st(vk))

This function may also be stochastic. At any time t, the configuration ξ(t)
of a CGDDS is defined as a vector (st(v1), st(v2), . . . , st(vn)), the states of all
vertices. The time evolution of a CGDDS is represented by the sequence of
successive configuration changes of the dynamic network.
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