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Communication networks in real systems in seveagks have limited resources. The bandwidth betwezn
nodes (computers, cell phones or other wirelesgdsyallows for the transmittance of data withcsfie rates.
The data transmitted can, and in most cases h#fferedt importance for the user. Some data areenuseful
than other. An example can be a peer to peer nkpike skype, were video and audio data are traitsdn
along with text. The text can be considered as rnmop®rtant than both audio and video, with audismgenore
important than video. In a limited bandwidth sitaat(network overload or broken main connection)may be
required to at least have the ability to write.sTtieans that priority must be given to the transimisof text.

We use a model for the motion of two types of jpbati,A andB, with priority, which can represent any type
of information [1]. We investigate several protadbr the diffusion of particles, based on eitheraadom
choice of site or that of a randomly chosen pagtatit of both species. We define them respectaslisite” and
“particle” protocols. In all cases, when both spsctoexist in the same space, the movemerA tdkes
precedence over that 8 Assigning an opposite priority would simply pregusymmetric results. We apply
strict priority of A overB, meaning thaB will not move until all coexisting\ have left the same site. To find the
probability of aB leaving the site we must therefore find the praliigitof a site being empty oA, f,.

We initiate our study from lattices and then moweto more complex systems like networks (random
graphs, scale-free, fractal and real world networkaalytic and simulation results confirm that site protocol
depends inversely on the densityAfp,, while the particle protocol exhibits an inversgp@nential behavior.
This means that when the particle protocol is &opin lattices, the system tends to go into anlibguim state
much faster than with the site protocol and the ifitplof B is lower. Results show that both species execute
normal diffusion, although thB move slower than th&. We calculate the normalized diffusion coefficignof
these systems and find the dependence on dengjiyr¢FL).

In networks, for the particle protocol, it is fouridat the number of sites empty of the high prorit
population depends exponentially on the degke€Figure 2). As previously in lattices the motioh either
species is also strongly related to the densitj.df is interesting though to mention that this eegence on
either parameter is the same in various kinds bfiorks with totally different topologies like ranafographs
and scale-freeThe movement oB decreases exponentially with the degree, whiléfirincreases. This is due
to two reasons: a) the higher the degree, the tialy that aB will lose its movement, thus giving it to @n
and b) the higher the degree, méravill move through this node and particles fromtthade will be chosen
more frequently. Therefore, the installment of gties leads to a faster movementfoand the concentration of
B at the hubs, where their motion is hindered. dain be easily seen in the waiting time distributionB
particles of a specific degree (Figure 3). It iviohs that for low node degree the waiting timeBois short,
while for high degree nodes it is significantly ieased. Simulation results from the average watimg, <>,
versus the degree (Figure 4) present a similaugctAlso verified is the existence of finite sieetworks of
finite size) and time (finite number of Monte CaB8teps) effects, as we had expected. Additiontily,average
number of particles per node is exponential todégree. For regular real world networks the cover@gsmall
degree networks is very low and they are essentiatipty of both species most of the time. The tdghree
nodes are rich in particles and the low degregace.

In conclusion, we have presented a novel way ofriétion transmission through random walk with
priorities in complex systems. This priority diffae model can have important technological applicet in
communication networks as well as possibly otheiapecological or even roadway traffic systenmsldttices
and regular networks the two species move as twanteracting ones with different mobility. In sedtee (and
real world) networks the low priority species isrea in the central hubs while the high priority snaove
faster. This effect can be utilized to selectiviedt all diffusion of certain types of informatiam a network and
dedicate all available bandwidth in the high ptipmformation.
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Figure 1. Diffusion coefficient over the density f@mrious  Figure 2. The number of empty sites per node denae
ratios of densities. Lines are the correspondiegih Full symbols are results from scale-free networks, oftom
lines and symbols represehtand hollow symbols and ER. The lines are the corresponding theory.
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Figure 3. The distribution of waiting times Bfparticles Figure 4. Average waiting time & particles over the node
for various node degrees. The higher the degrehkitiher  degree. For high values of<there are finite time effects.
the probability of 8 particle to stay more time in that Blue and green triangles are ER results, black ashdne
node. Lines are theoretical results, symbols angilsitions. for scale free. The cyan are results from a realmder
For higher order degrees the results become indepeiof network (AS level internet) where PDM is appliethés
time (not shown due to poor statistics). are corresponding theory.
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