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(Abstract)

In this paper a special scenario of the topology in the artificial intelligent networks is studied,
and a new cross-layer fault-tolerant cognitive scheme based on the topology information is proposed
to exploit both the channel diversity and spatial reusability. The proposed Cross Layer Fault-
tolerant Cognitive Diversity Scheme (CL-FCDS) resides between the MAC layer and network
layer, and aims to improve the network throughput by coordinating the transmission power at
each node, selecting channel on each wireless interface, and deciding the routes based on the traffic
information measured and exchanged among the multi-hop neighbor nodes. The Cognitive Diversity
Air Time Metric (CDATM) is also introduced to quantify the difference of various adjustment
factors. The proposed scheme achieves efficient utilization of available channels by selecting
feasible adjustment candidates with the smallest CDATM value and coordinating the affected nodes
to realize the adjustment. NS2 simulation reveals that the proposed scheme allows substantial
improvement on the throughput and the outage probability, along with fault-tolerant cognition.

Index Terms — artificial intelligent networks, cognitive diversity, spatial reusability, fault-tolerant

I.INTRODUCTION

Recently, the cognitive radio has attracted many researchers for realizing frequency
sharing with the frequency band assigned to the primary system [1,2]. In the cognitive radio,
the secondary cognitive terminals transmit the signals on the frequency band assigned to the
primary system by sensing the radio frequency band in order to avoid the interference with
the primary system. However, it is difficult to recognize the status of the frequency band if
the primary terminals only receive the signals. Therefore, the concept of self-organized cog-
nitive radio has been proposed to realize a secondary communication system covering wide
area by using the multi-hop networks [3]. Although the large transmission power on single-hop
network can support large communication area, the interference with the primary system also
becomes large if the secondary system exists between the primary transmitter and receiver.
In the artificial intelligent organized cognitive radio, the power of each terminal is suppressed
to minimize the interference with the primary system while the area of communication can be

expanded by using the multi-hop networks. However, such power management is complicated
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because the location and active period of the primary system are not fixed.

In the artificial intelligent organized cognitive radio, the interference with the primary sys-
tem can be avoided by restricting the transmission power of the signal in each terminal, and
the communication area can be expanded by using multi-hop communication networks. Usually,
the artificial intelligent networks require the routing protocol presetting the route from the
source terminal to the destination terminal. Due to the fact that the location and active period
of the primary system vary every second, however, the approach of pre-defined route is not
effective for the use in the cognitive radio system.

The cognitive system can be fault-tolerant by using orthogonal relay transmission to
achieve diversity gain [34]. The control of the relay traffic buffer is primarily applied to the
physical layer using the synchronization preamble of cooperative request message [4]. As for
the multi-hop artificial intelligent networks [5], each node has one or several partners. A node
and its partners are responsible for transmitting not only their own information, but also the
information of their partners. The nodes can participate in the cooperative diversity scheme by
broadcasting the same packet simultaneously. By providing the receiver with multiple replicas
of the same signal, one can achieve the same benefits of an antenna system mounted on a sin-
gle node.

The fault-tolerant cognitive algorithm based on game theory applications such as Generous
Tit-for-tat (GTET) [6] could intensify the performance of relay transmission systems of arti-
ficial intelligent networks. The nodes are divided into classes where each class has the same
energy constraint. When assigning the transmission power to the nodes, flooding the informa-
tion throughout the network can be avoided. Perhaps the most dramatic change of the game
algorithm in artificial intelligent networks is with individual relays treated as physical layer
resources rather than network layer entities.

In this paper, a new fault-tolerant tit-for-tat cognitive scheme is investigated under the
given scenario of artificial intelligent networks in the cross-layer aspects. The network layer
enables the cognition of relay traffic identifying a specific source/destination node pair. The
network layer and multiple access layer can deal with each group of the cooperative nodes as a
single entity, and this actually simplifies their decisions. The link layer can mandate a different
rule of the states for different cognitive radios, but cannot change the schedule. The scenario
of the main interests is to allow high-rate communication between the source and destination
node. NS2 simulation reveals that the proposed scheme allows substantial improvement on the
throughput and the outage probability, along with fault-tolerant cognition.

The rest of the paper is organized as follows. Section II describes the system model and
the dimensional analysis of the given scenario. Section III proposes the metric and the cross-
layer fault-tolerant cognitive scheme. Section IV presents the numerical results and the discus-

sions. Finally, the conclusion remarks are given in Section V.
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II. SYSTEM MODEL AND DIMENSIONAL ANALYSIS

In the randomized cognition, each node selects different paths and projects the rows of the
state matrix can generate a randomized state ¥, =X7»,=H.x(s)7,. Consider the optimal cell tessel-
lation, the cognitive diversity based on multi-hop throughout the network using the centers of
the cells and compare the total power spent, as shown in Fig 1.

The received vector is the mixture of these randomized states convolved with their re-
spective channel impulse response, as shown in Eq. 1.

yi= 2]\/[ x,+0; 1)

where M;,, n=1,...N are the equivalent convolution matrices, and J; is the i-th offset vector

which is equivalent to the cognitive state. The diversity obtained through this scheme depends

on the statistics of the resulting equivalent states and particular selection of the state Huxn(s)

just as it does for the deterministic assignment. For the simplicity in showing the intuition, con-

sider the scenario where the channel between the source and destination node are orthogonal
and =1,2,3.

D
Fig. 1. Transmission model
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Fig. 2. Channel model
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A message containing a request for the cognition is stored in the relay buffer, whose trans-
mission is synchronized by the preamble sequence of the message. The state parameter values
of the network layer need to be decided according to the state of the relay buffer. In general,
the half-duplex constraint of the channel model mandates the destination node to be inactive
when the source node is busy, but the upper layer can also prevent cooperative transmission
for it as depicted in Fig 2.

To avoid a cycle between the nodes, the selection rule should exclude the points from the
set of the m-th iteration of the points that have been in the previous sets (x.v) < Sz], :=1,2,3.
Using the same definition of connectivity, the state is mapped to a receiving message in the
m-th iteration if the receiver SNR,.(x,y,)>7. The broadcast scheme could use all such states to
manage the collaboration among the nodes, while the set S[m:] is

Sl =1. ) (SNR w(x:3,)>7) (1 O}

®=<;@,y,>%QS[z'] @

Here the additional condition ® checks if the node has not already transmitted the signal.

As in the case of only amplify-and-forward, the resultant composite signal at the relay is

M, } _{mi (3)
ma

L
P/2 P./2 .
where ,8=(\/ . M;f)/(1+\/ LS. +1), m, and m. represent the delay correction fac-

tors before and after the relay operation, respectively. For fixed g, the sum of the rates achiev-

y=

able by P, from the cooperating transmitter to the receiver is equal to the sum of the capaci-
ties of the dual multiple-access channels. The sum of the capacities is characterized in terms of

maximization as

P = max log | I+MIQM+M; Q.M. )
TAQ+Q)<P,
L. . . . . . ~ AN ~
where the maximization is over the covariance matrices, ¢, and &», with M, = v and M.
2

o M
=B4 1} For fixed P, the achievable minimum power is min(2P,P”). The relays are used for ex-
2

changing control messages and assigning the dedicated channel. In high bandwidth applications,
the use of a separate channel for channel arbitration alone does not allow best utilization of the
network resources. It is necessary to directly maximize the achievable rates over all choices
of R, where the same channel is used for both data and channel arbitration. The scaling term,
p, can be made close to one. Thus the composite channel capacity is equal to the point-to-point
MIMO capacity of the original channel [7]. Such model can undoubtedly improve the bandwidth
efficiency but introduce the problem of distinct channel assignment. It also needs to account for

the delay of switching to a different channel as its cumulative nature at each hop affects the
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flows.

In the multiple cell environment, the evaluation model is with seven cells as shown in Fig.
3 on which the nodes are in point-wise uniformity. The single-scenario hybrid artificial intelli-
gent network is based on the two-dimensional structure, that is to say, the nodes and the base
stations belong to the dual ring topology. The network topology used in this scenario consists
of concentric circles, represented by C.k<[1,2], and the base station of Cell 1 is situated at the
center of C\. For simplicity, the interference range of each node is assumed to be almost equal
to its transmission range in this specific scenario. All the links are free of transmission error
and raw capacity of each link is 250Kbps. The node chooses the multi-hop transmission through
the neighbors with the help of the fixed selection criterion rather than accessing the base sta-
tions directly. Since scheduling is made in the base stations, it is possible to assign different

carrier frequencies to the different multi-hop routes.

i)

A J

Nr

Fig.4 The dual ring topology of multi-scenario architecture.

With the help of the single-scenario structure, the multi-scenario can be induced. In this
hybrid network each node makes decision independently, and inconsistency is caused when
two nearby nodes adjust their topology simultaneously. Therefore, both the channel adjustment

and power adjustment should guarantee the exclusiveness of the cross-layer adjustment in the
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area of interference of the nodes. Under this premise, each node may locally make adjustment
decisions without considering the disturbance of the neighboring nodes. The hybrid artificial
intelligent network under the consideration is denoted by G=(V,E) where V is the set of nodes
and E is the set of links. Let Gi=(V,E') represents the graph induced by the single-scenario
structure and G.=(V,E") does the graph induced by the channel assignment scheme, where G,
C G,CG. If the network is set to meet the same SNR,.(x,y) threshold constraints, each node
has to transmit P.>tP"” and P"""=N.N.P“”, where N, and NN, represent the transmission prob-
ability of the source node and relay module, respectively. As shown in Fig. 4, NV, can also be
considered the transmission probability of the neighboring node to be chosen as the relay node.

Let F=CiUC; and C. is the compact subset of /. As for the open covering U, it is com-
posed of the neighborhood basis of £ and the finite subset U’ of U can cover C.. Then F'is a
finite set and U has finite sub-covering. {{ ;€ C,} is the disjoint uncountable open set family of
F, and F'is not a metrical compact space. Let Ki# ¢ . If p has a countable basis in the compact
metric space and {F,}€ G, is the finite covering of K, we have F.={V(f, 1.)2.<K,} for each nE
G, and subset K, C G, where V(f.i,) is an open arc at the center of C.. Let

U,,=(U V) Up Vi) DU Ge 5)
P d
and T is the family of all the open sets of (S.D,.).

The structure of a point process F can be characterized in terms of other spatial meas-
ures derived from . Most important examples are given by void probabilities zx(A):=P{F(A)=0},
and mean measure uvA)=E|F(A)l. In the wireless networking context these allow immediately
applicable interpretations in terms of the numbers of radio neighbors or interferers. Putting
FXdx,...dx):=Fldx)L Fldx), we can also define the moment measures u&=E{F"} and covariance
measure by pdA X A»)=ui (A X As) — udA)ufAs). These are the analogies of moments and covar-
lances of random variables to point processes. For some applications it is easier to work with a

version of £ with the points on the diagonals removed, defined by
k-1
Fdx,..dx)y=Fldx)(F—e)dx)L (F— ) e.)dx) ©6)
=1
The corresponding moment measures are called the factorial moment measures of F.
These can be estimated from the measured data by studying the “counts in cells”, that is, P
of a cell where the hitting points are thrown randomly into the region of the interest. The fun-
damental relation between these quantities is
S F
ﬂ‘f’::kIZ[ ]PF (7
F=k k
For inference applications the important one is the Laplace functional of the point process,
defined by LAf)=Elexp(—F(/))I. The Laplace functional is analogous to the characteristic func-

tions of regular probability distributions in the sense that moment measures can be readily
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calculated from them. For example, we have ud f)= —%Lp{af) |.-o and similarly for higher order

moments.

The comments precede this proposition state S, and D,, is the dimensional factor of Go..
Suppose U and V are open sets, and p&€ UM V. Then, there exist positive real numbers » and s
such that UDN,(p) and VDO N(p). If ¢ denotes the close set element, then UN VD N(p). Thus UN
V is also the open set. If y.={U.|aE Gy} and y,={U,| BE G4} are the families of the open sets, then
U is the union of the U, There exists an index S, such that p€ U, and

UDUDNAp) ®)

It follows that the set U is open, then each U, is the open set of F' and K,C U, For each
neighborhood of K in F, if f€K,, then there should be an arc V(f) of C, which has its center
at fand V(f) U p(V(/)/{f1) C U. Due to the compaction of K, we have K, S U,<S U and each
compact sub-set has a countable neighborhood basis in F. Therefore, the open sets (S, D,,) of a
metric space constitute a topology on S and the dual ting topology belongs to the Alexandroff
dual ring space [8]. The attributes of this space are potentially worthy for the proposal of the
fault-tolerant cognitive scheme. However, a distinct difference in this case is that the nodes
themselves can also function as the active nodes. These nodes under group-oriented operation
are capable of initiating communications not only with themselves but also with others.

The analysis above demonstrates that only considering channel assignment and routing
are not enough in artificial intelligent networks. To fully reduce the co-channel interference and
consequently achieve higher gains of the network performance, the topology attributes and the
cognition should be considered together to exploit not only the channel diversity but also spa-

tial reusability.

Il. CROSS LAYER FAULT-TOLERANT CONGNITIVE SCHEME

In the physical layer the transmission interference can occur among nearby nodes, and
thus a convex set of capacity graphs supported by a finite set or the basis of elementary capac-
ity graphs need to be provided to the upper layers. This is equivalent to state that finding the
ensemble of flows in all the links which attain the maximum total flow is NP-complete. Inspired
by the work of Saraydar [9,10], a tax mechanism is used assuming each link player maximizes

its own payoff function as follows.

GzzC]l
wlog(l > Gt 0'/2) b

max Q"""
q

O < q;S qumax VZ (9)
where t, ¢, and w are the tax rate, temporary action, and temporary load of link_/, respec-
tively. G» and Gy are the temporary gain of the intra-llinks and inter-links, respectively. More

power link_/ uses, more interference will be caused. In general, not every game has the Nash
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equilibrium. Therefore, a new performance evaluation metric is proposed to ensure the game
for converging the stable Nash equilibrium and the fault-tolerant cognition.

If the result in an action profile where each user’s action is the best response to the others,
the Nash equilibrium is reached [11,12]. In other words, the Nash equilibrium is the action pro-
file (p/m*p*”n*), where no user has an incentive to deviate by choosing another action given
that other user’s action is fixed. Formally, the Nash equilibrium can be acquired by the follow-
ing action profiles for each node of the artificial intelligent networks.

(ptm*)=arg max U (p,m) st. 0 < p, < p™,
m&(01), mfiy.) < n'f(5)

" n*y=arg max U (p“"n) st. 0 < p7 < p™,
n<(0,1), nf(ys) < m*f(yh) (10)
where U” and U are the unions of G, and G-, respectively.

For the multi-hop transmission, the equilibrium action profile must satisfy the opposing
throughput constraints of the maximization problems. This opposing throughput constraint is
DESE)=p " (v%). Clearly, the non-forwarding action profile (pt,0,p°%,0) in Eq. (10) satisfies the con-
straint above and always exists in the game.

Generally speaking, both transmission diversity and spatial reusability affect the network
performance of hybrid artificial intelligent networks. Wu [13] has given the Equivalent Channel
Air Time Metric (ECATM) to reflect the characteristics of spatial reusability. As for the hy-
brid artificial intelligent network, it resides between the MAC layer and network layer, and
aims to improve the network performance by coordinating the transmission power. The chan-
nel assignment and route selection among multiple nodes are made in the distributed fashion.
According to the intuition obtained above, a new performance evaluation is proposed called

cognitive diversity air time metric (CDATM) which is defined as:
CDATM=Y. > »RTiUiFQCi)/ CF* (11)
c 1

Here ¢ represents the available channel and / denotes the co-channel link lying in the inter-
ference range of a specific node. Other variables are as follows.

7 : available number of links for channel_c

RTY : the round trip factor of the corresponding channel

U : the iteratively updated state

@, : the quality of the link

Cy(1) : the factor of the cognitive priority

CF*: the channel reuse factor on channel_c

Note that CDATM: represents the aggregated cognitive diversity air time for potential

candidates, and acts as an indicator of the network performance.
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Using the notion of CDATM, the new scheme is proposed. The primary concerns of the
proposed scheme are the latency and throughput degradation. For this a sophisticated duty
cycle calculation based on permissible end-to-end delay needs to be implemented. The coor-
dinated overlapping of listen period with the neighbors based on this calculation is a difficult
research challenge. When the end-to-end traffic is split in the multi-dual ring topology, the num-
ber of routes between the source and destination could be more than one. That is to say, the
flow going through the route is no longer an integer and the traffic demands can be split [14].
The relative constraints with the bandwidth and interference are as follows. First, the band-

width constraints are

PN > Y i< B VijtdEN 12
j (tad j o (tad

in which v, is the amount of traffic of node pair (d) that goes through link (7), v is that with
link (,7), B is the maximal bandwidth and y;“ > 0, v, > 0 Vit d<N.

The interference constraints are
Ne)=) Load(i) (13)
1

in which I(e) is the sum of the traffic load on all the interfering links experienced by link_
¢(€E) and 7, denotes the interfering link.

The Cross Layer Fault-tolerant Cognitive Diversity Scheme (CL-FCDS) proposed in this
paper is described in Fig. 5. Here the non-forwarding action is always in Nash equilibrium. The
topology construction is performed during the network initialization phase when no user traffic
is present in the network. To fully reduce the co-channel interference and achieve maximum
network performance, the topology attributes and the power constraints are jointly considered
to exploit not only the channel diversity but also the spatial reusability. Firstly, all the node
pairs are sorted in ascending order according to their minimum distances. Secondly, CDATM
is measured in every node of the network to check whether the flow can be routed or not.
Coordinating the sleep-awake cycles between the neighbors is generally accomplished though
schedule exchanges. In case of dynamic duty cycles decided based on the perceived values of
instantaneous or time averaged end-to-end latency, the overhead of passing frequent schedules
also needs investigation in light of the ongoing high data rate message. The operation should
be terminated when the transmission power reaches the maximum.

If Uy, is defined as the union of U (p*”n) and U, (p,m), G- is a spanning subgraph of all
nodes. Therefore, the 2-connectivity of ¢ € {ci,c.K,c;} implies the 2-connectivity of U,, Then

there exists a 2-connected spanning subgraph, and we have
2
(U= c(GI< | T (14)
=1

where /. 1s the greatest common divisor of /.., The main part of the proposed scheme

requires O(n°) time to construct the complete graph. clusterhead(;) of the scheme requires
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On'+ | J|) time, where the O(n')
term is due to the loop over the O(x")
edges in Gy, and the O(| /., |) term
1s due to the deployment of /prio.
Note that O(| /.. |) time is required
for the scheme to deploy /... If one
is only interested in the 2-connected
spanning subgraph G. O(% time is
sufficient.

The complexity of the 2-approxi-
mation scheme can be computed, and
it is not necessary to give a theoret-
ical proof. It has been observed in
[15,16] that the neighboring cluster of
G provides a 2-connected spanning
subgraph whose cost is often very
close to that of the minimum cost
2-connected spanning subgraph of G..
Therefore, CDATM: uses the neigh-
boring cluster as a candidate for G,
instead of using a 2-approximation
as the minimum cost 2-connected
spanning subgraph. The topology and
power consumption of each node can
be optimized by the minimum link
occupation. The power update is the
best response of the link player for
the given tax rate and assessment of
the action of others. As for the tax
rates converge, it can be induced to
stable Nash equilibrium. Such equi-
librium allows to reach a balance
between the minimized interference

and the maximized rate.

Tnit( )
{
maximize U (p“”,n) and U (p,,m) without constraints;

for each available channel ¢ € {c|,¢,,K ,c; }
if =0
Jpric=Prand(i)W(i);
else if
Jprio= Prand(i)W(i) CF¥;
end if
analyze the contention of links on channel ¢ in two hop range;
if 7 is bound to nodes of neighboring cluster then
assign 7, the channel assignment from its neighbor assignment;

else
2 a 1 d iy (@)
set y”" =y'”’ and i#0 iteratively update g¢,"
@) _ M 1 (%) 2y .
asq =g (Mz,qz Y+o)s
[[ MII
project ¢, ™" into power constraint interval [0, g, .. ]

calculate new assignment for clusterhead(i);
end if
calculate CDATM; value on channel ¢ and corresponding priority
for each group;

(%) (7;+1) — (7;)

repeat until g, converges and set g, q,";

if no channel overloaded
return;
end if
if feasible
select adjustment candidate with minimal CDATM; value and
begin negotiation;
end if
if (p,m", p”,n")does not change

rate s[m] and let
_ WSNR™?
1+ SNR™ ™V

SNR/(I‘”) A
Mleq/(“l) 7

cm,

end if
analyze the contention of links on channel c in two hop range;
if 7 is bound to nodes of neighboring cluster
assign i and the make the channel assignment from its
neighbor assignment;
end if
clusterhead(7)
{
for i € N
if Prand(Ny)< W(i) and priority of # is not @
split more non-interfering link groups;
check the feasibility of power adjustment;
recover N,
end if
if Load(i)<N,
then select adjustment candidate with minimal load and begin
distribution;
find the two-hop path to replace the link between the current
node pair;
end if

1
S

end
v
)

Fig. 5. The proposed Cross Layer Fault-tolerant Cognitive
Diversity Scheme.
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IV. NUMERICAL RESULTS

The terrain model employed for the evaluation is a 10km X 25km rectangular area with
four dual rings in the multi-scenario. In each dual ring set, there are seven cells in which the
nodes are pseudo-randomly moving along the cluster cells under NS-2. All the links between
the nodes are bi-directional. Each cell has a base station with omni-directional antenna at the
center point and its radius is 1.25km. Each base station has 2048 available channels, and it de-
pends upon the channel model proposed in Section II. The power consumption is assumed to
be based on the distance from the transmitting nodes to the base stations. All the nodes can
support CDATM and CL-FCDS, which have been proposed in Section III. As for the handoff
mechanism, hard handoff was used in the evaluation model and the connectivity is considered
under Poisson Boolean Model in this kind of sparse network. 4096 TCP flows are used in the
multi-scenario, and the simulation time for each point is 7200 second.

Employing the proposed metric and scheme, the average rates and the outage probability
are examined in different schemes with or without cooperative diversity, as shown in Fig. 6, 7,
and 8.

In Fig. 6, the average achievable sum of the rates using the different schemes with or
without cooperative diversity are plotted versus power gain for SNR=0dB. Notice that the
three curves are independent of the channel states because they assume perfect condition. As
the gain increases, the achievable rates increase accordingly. CDATM with the cooperation
scheme performs better than the one without cooperation, which only outperforms the strategy
game. The performance of ECATM with the cooperation scheme is unadvisable. Interestingly,
the gap between CDATM with and without cooperation appears narrower after the gain
reaches 60dB. Thus, it seems that cooperation is not necessary in the proposed scheme, espe-
cially when the gain is interrupted by the addressing ratio and the permitted hops. In Fig. 7
the same plot is provided for the SNR of 10 dB. The results similar to Fig. 6 are noticed in this
plot, but the gap between the CDATM with and without cooperation is wider. The proposed
scheme is virtually identical to the cooperative diversity until the point where the power gain
comes very close to the real utility. The performance gains owe largely to the efficient utili-
zation of new channels. Instead of the cooperation between channels, CL-FCDS is employed
through the distributed negotiation and adjustment. Compared with channel adjustment, power
adjustment depends heavily on the underlying topology and traffic profile, and the proposed
scheme performs well. The ECATM with cooperation cannot satisfy the requirement of the
SNR and the addressing ratio of success.

The outage probability under the different SNR with different number of nodes are also
compared in Fig. 8 and Fig. 9. When SNR=0dB, the outage probability of the CDATM with and
without cooperation is very similar because of different values of the flow requirements. When

SNR=10dB, the channel states depend deeply on the load of the networks but evade from the

—345-



Journal of East Asian Studies

reliable transportation requirement with the help of cooperation. The maximal optimization
is 12.35% when the number of the nodes reached to 400. The performance of ECATM with
cooperation is not competitive. Observe that the rewards with the proposed scheme are the
enhanced physical layer performance and the reduction of the networking problem by half of
the order. What is more, the addressing ratio of success under the condition of unchanged pa-
rameters and external information can also be increased. This is because the probability of all
candidate receivers not receiving a packet at any given time is very low. When the number of
the nodes grows, the access point sends RTS and receives CTS almost every time for continu-
ous data delivery.

The impact of varying the number of the nodes in the network can also be evaluated. If
more flows are setup between randomly chosen node pairs, the traffic load on each flow will
be high and the probability for an end-to-end packet to be generated at the node will increase
monotonically. The energy consumption is more balanced, and the probability is constant. It
is apparent that the system with cooperation offers significantly better performance than the

ones without cooperation, and about two times of the improvement is acquired.

—5 CDATM with coop 3 —5 CDATM with coop ! &
—&~ CDATM without coop a/a’l"E —&- CDATM without coop B/Ea—""e
35| =+ ECATM with coop Lo 14|l ECATMwithcoop | / ______ . 4
= 3 = 4
E /a/ = £y e -
z : z 7
€25 j ol g / //
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:?_,FAK—PI““‘"_""__HM ) :
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Fig. 6. Average rate vs. power gain for SNR=0dB. Fig. 7. Outage probability vs. number of the

nodes for SNR=0dB.
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Fig. 8. Outage probability vs. number of the Fig. 9. Outage probability vs. number of the
nodes for SNR=0dB. nodes for SNR=10dB.
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V. CONCLUSIONS

In this paper we have induced a special scenario of the topology in the artificial intelligent
networks based on the analysis of the topology space and cross layer constraints. A fault-toler-
ant cognitive scheme with the given scenario in the cross-layer aspects was proposed and the
attributes of both of the new metric and topology space were integrated. The proposed scheme
jointly coordinates the transmission power at each node, the channel selection on each wireless
interface, and route selection among the interfaces based on the traffic information measured
and exchanged among the multi-hop neighbor nodes. It resides between the MAC layer and
network layer, and aims to improve the network throughput by coordinating the transmission
power, channel assignment, and route selection among multiple nodes in a distributed fash-
ion. The CDATM is presented to quantify the difference of various adjustment candidates. It
achieves efficient utilization of available channels by selecting feasible adjustment candidates
with the smallest CDATM value and coordinating the affected nodes to realize the adjustment.
The comparison and the predominance of the proposed scheme are demonstrated by simula-
tion. The proposed scheme substantially enhances the throughput of the network and makes

the outage probability low and stable.
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