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Inhibiting arcs in the interaction graph are interpreted in
the corresponding LIH as NOT-operations. Thus, arc 7 is
now interpreted as "A is active if D is not present". Since
arc 2 and 3 in Figure 3 have been combined with an AND
in Figure 8, we interpret this new hyperarc as "E becomes
activated if I2 is present AND I1 NOT". Hence, in contrast
to inhibiting arcs in interaction graphs, in general we do
not assign a minus sign (a NOT) to the complete hyperarc,
but to its negative branches (see hyperarc 2&3 in Figure
8), whereas all other branches get positive signs. Due to
the assignment of signs LIHs can formally be seen as
signed directed hypergraphs.

The pure logical description of a signaling or regulatory
network works well when the activation (inhibition) of a
species by others follows a sigmoid curve [21]. Problems
that might arise while describing a real network within the
logical framework and possible solutions are discussed in
a later section.

LIHs can be formally represented and stored in a similar
way as interaction graphs. The underlying hypergraph is
stored by an m × n incidence matrix B in which the rows
correspond to the species and the columns to the n hyper-
arcs. If species i is contained in the set of start (tail) nodes
of a hyperarc k then Bik = -1, if i is the endpoint (head) of
hyperarc k then Bik = 1, and if i is not involved in k we have
Bik = 0. For storing the NOTs operating on certain species
in a hyperarc we may use another m × n matrix U that
stores in Uik a "1" if species i enters the hyperarc k with its
negated value and "0" else. Accordingly, the incidence
matrix B for the LIH of TOYNET (Figure 8) reads

 

To be concise, the two non-zeros entries of U are indicated
by an asterisk in the incidence matrix.

Representing a Boolean network as a LIH we can easily
reconstruct the underlying interaction graph from the
matrices B and U: we simply split up the hyperarcs having
more than one start node (or/and more than one end
node in the general case). Thus, a hyperarc with d start and
g end nodes is converted into d·g arcs in the interaction
graph. The sign of each arc in the graph model can be
obtained from U. The reverse, the reconstruction of the
LIH from the interaction graph, is not possible in a unique
manner underlining the non-deterministic nature of
interaction graphs.

Time in Boolean networks
A logical interaction hypergraph describes only the static
structure of a Boolean network. However, it is the dynamic
behavior of Boolean networks that has been analyzed
intensely in the context of biological (especially genetic)
systems [21,31,51]. For studying the evolution of a logical
system we need to introduce the (discrete) time variable t
and a state vector x(t) that captures the logical values of
the m species at time point t. Two fundamental strategies
exist to derive the new state vector x(t+1) from the current
state x(t). In the synchronous model, the logical value of
each node i is updated by evaluating its Boolean function
fi with the current state vector: xi (t+1) = fi(x(t)). Synchro-
nous models are deterministic but assume for all interac-
tions the same time delay which is often too unrealistic for
biological systems [21]. In the asynchronous model, we
select any (but only one) node i whose current state is
unequal to its associated Boolean function: xi (t) z fi(x(t)).
Only this node switches in the next iteration. Since there
are, in general, degrees of freedom in choosing the switch-
ing node, this description is non-deterministic. The
advantage is that the complete spectrum of potential tra-
jectories is captured, albeit the graph of sequences is usu-
ally very dense, complicating its analysis in large systems.
The asynchronous description becomes (more) determin-
istic if time delays for activation and inhibition events are
known [21].
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Logical interaction hypergraph of TOYNET (compare with interaction graph in Figure 3)Figure 8
Logical interaction hypergraph of TOYNET (compare with 
interaction graph in Figure 3).


