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(2) As we have seen, negative feedback can limit the pre-
dictability in LSS analysis. However, in cellular networks,
negative feedbacks become activated often upon a certain
time period after an activation event occurs, for example,
when gene expression is involved. This might be consid-
ered by classifying species and/or hyperedges by assigning
a discrete time constant (or time scale) W to each element
telling us whether this network element appears in an
early (W = 1) or late (W = 2) state. Using the sub-network
with all elements having a time constant of W = 1 for the
first simulation and then using the computed LSSs as ini-
tial values for computing the second round (where the
complete network is considered) leads often to more real-
istic results. As in the case of multiple levels, this extension
requires a more detailed knowledge about the network
under consideration. An example in TOYNET (Figure 8):
we may assume that D is a factor that is transcriptionally
regulated by C, thus, arc 6 has a time constant of W = 2 and
all others have W = 1. Setting the initial values I1 = 1, I2 =
0 and D = 0 and computing the LSSs for W = 1 activation of
C and O1 occurs. We can then fix the state of D (D = 1)
and get then a complete deactivation of C and O1.

(3) In real signaling and regulatory networks, it is some-
times difficult to decide whether arcs from the interaction
graph have to be linked by an AND or an OR in the inter-
action hypergraph. For example, in TOYNET, species E is
inhibited by factor I1 and activated by factor I2. If I1 has
a very strong inhibiting effect on E we may formulate the
hyperarc as done in Figure 8, suggesting that I1 must not
be active for activating E. However, if the interaction
strength of both I1 and I2 with respect to E is at the same
level (i.e. additive) neither "NOT(I1) OR I2" nor
"NOT(I1) AND I2" would reflect the real situation.
Indeed, this is a recurring situation in signaling networks,
where often a balance between different signals deter-
mines the activation of a certain element. At this point it
could be helpful to use logical operations that have a par-
tially incomplete truth table. In the latter example we
could say that E is active if (NOT(I1) AND I2) and E is
inactive if (I1 AND NOT(I2)). For the other two possible
cases, no decision could be made along this hyperedge. Of
course, modeling uncertainty in this way will limit the
determinacy but on the other hand a determined result
with this model allows a safer interpretation.

Analyzing interaction networks using CellNetAnalyzer
We have integrated many of the methods and algorithms
described herein in our software tool CellNetAnalyzer,
which is a MATLAB package and the successor of FluxAna-
lyzer [56]. Whereas FluxAnalyzer was originally developed
for structural and functional analysis of metabolic net-
works, CellNetAnalyzer extends these capabilities conse-
quently to the structural analysis of signaling and
regulatory networks. Apart from stoichiometric (meta-

bolic) reaction networks, CellNetAnalyzer supports now
also the composition of logical interaction hypergraphs
using AND, OR and NOT connections. Whenever needed,
the underlying interaction graph can be deduced from the
interaction hypergraph. Alternatively, by using only OR's
and NOT's, arbitrary interaction graphs can be con-
structed. As in FluxAnalyzer, the network model can be
linked with externally created graphics visualizing the net-
work. User interfaces (text boxes) enable data input and
output directly in these interactive maps (see screenshot
in Figure 10). New functions for graph-theoretical and
logical analysis have been integrated into the user menu;

Screenshot of the CellNetAnalyzer model for T-cell activationFigure 10
Screenshot of the CellNetAnalyzer model for T-cell activation. 
Each arrow finishing on a species box represents a hyperarc 
and all the hyperarcs pointing into a species box are OR con-
nected. In the shown "early-event" scenario, the feedbacks 
were switched off whereas all input arcs are active. The 
resulting logical steady state was then computed. Text boxes 
display the signal flows along the hyperarcs (green boxes: 
fixed values prior computation; blue boxes: hyperarcs acti-
vating a species (signal flow is 1); red boxes: hyperarcs which 
are not active (signal flow is 0)).


