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t := Current time;

t _end := Time length of the simulation,

At := Time interval between ants generation;

foreach (Node) / * Concurrent activity over the network * /

M = Local traffic model,;
T = Node routing table;
while (t<t end)
in_parallel / * Concurrent activity on each node * /
if (t mod At=0)
destination_node := SelectDestinationNode (data_traffic_distribution);
LaunchForwardAnt (destination_node, source node);
end if
foreach (ActiveForwardAnt[source node, current_node, destination_nodel)
while (current node # destination _node)
next_hop_node = SelectLink (current node, destination_node, T, link_queues);
PutAntOnLinkQueue (current_node, next_hop node),
WaitOnDataLinkQueue (current _node, next_hop _node),
CrossTheLink (current _node, next_hop node);
PushOnTheStack (next_hop _node, elapsed_time);
Current_node := next_hop_node;
end while
LaunchBackwardAnt (destination_node, source_node, stack data);
Die();
end foreach
foreach (ActiveBackwardAnt [source _node, current_node, destination_node])
while (current node # destination _node)
next_hop_node := PopTheStack();
WaitOnHighPriorityLinkQueue (current_node, next_hop node);
CrossTheLink (current_node, next_hop_node),
UpdateLocalTrafficModel (M, current_node, source node, stack data),
Reinforcement:=GetReinforcement (current_node,source_node,stack_data,M);
UpdateLocalRoutingTable (7, current_node, source_node, reinforcement),
end while
end foreach
end in_parallel
end while
end foreach
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class Graph
{
private:
int length[nmax] [nmax];
int dist[nmax];
boolean s[nmax];
public:
void ShortestPath(const int,const int);
int choose(const int);
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void Graph.:ShortestPath (const int n,const int v)
//dist[j],0<=j<n, is set to the lenght of the path from vertex v to vertex j
//in a digraph G with n vertices and edge lenghts given by lenght [i] [j]

{
for(i=0;i<n;i++)
{
s[i]=FALSE;
dist[i] =lenght[v][i]; //initialize
'
s/v]=TRUE;
dist[v]=0;
for(i=0;i<n-2;i++)
{ //determine n-1 path from vertex v
//choce returns a value u such that:
int u=choose(n),
//dist[u] =minimum dist/w],where s[w]=FALSE
sfu]=TRUE;
for (int w=0;,w<n;w++)
if (Is/w])
if (dist[u] +length[u][w]<dist[w])
dist[w]=dist[u] +length[u] [W],
}  /end of for(i=0;...)
}
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t:= current time, t._,:= time to end simulation

> Yend *
// Short Limit:= 7, Long Limit:= 40, Bee Generation Interval:= 1
// i=current node, d=destination node, s=source node
// n=successor node of i, p=predecessor node of i
// z=Representative node of the foraging region containing s
// w=Representative node of the foraging region containing d
// q is queuing delay estimate of a bee agent from node p to s
// p is propagation delay estimate of a bee agent from node p to s
At:= Bee Generation Interval, Ah:= hello packet generation interval
b, :=estimated link band width to neighbor p

p,, - =estimated propagation delay to neighbor p
h,:= hop limit for bees of i, 1, :=size normal queue i to p(bits)
foreach Node // concurrent activity over the network
while (t<t¢,,)
if (t mod At =0)
if(i is representative node of the foraging region)
set h,:= Long Limit, b, is long distance bee agent

else
set h.:= Short Limit, b, is short distance bee agent
endif
launch a bee b, to all neighbors of i
endif

foreach bee b, received at i from p
if(b, was launched by i or its hop limit reached)
kill bee b,
elseif (b, is inside foraging zone of node s)
q:=q+1,/b, and p:=p+ p,
update IFZ routing table entries q,,=q and p, =p
update g (q:=)., . (g xg)andp (p:=2, . (P, *g))
else
q:=q +1,/b, and p:=p+ p,
update IFR routing table entries q,. =q and p, =p
update g (q:=,  (q.xg.)andp (p:=) | (P.*g.))
endif
if (b, already visited node i)
kill bee b,

else
use priority queues to forward b, to all neighbors of i except p

endif
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endfor

foreach data packet d , received ati from p
if (node d is within foraging zone of node i)
consult IFZ routing table of node i to find delays to node d
calculate goodness of all neighbors for reaching d using equation 2
else
consult FRM routing table of node i to find node w
consult IFR routing table of node i to find delays to node w
calculate goodness of all neighbors for reaching w using equation 2
endif
probabilistically select a neighbor n (n != p) as per goodness
enqueue data packet dsd in normal queue for neighbor n
endfor
if (t mod Ah =0)
send a hello packet to all neighbors
if (time out before a response from neighbor) (4th time)
neighbor is down
update the routing table and launch bees to inform other nodes
endif
endif
endwhile
endfor

BeeHive Y-\ 5,451
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i-----Node 4 (Hot Spot)

Ouls NTTNet &) j38 g 26 sl N-F S
package networks,
import node.Node;
import ned.DatarateChannel;
network Net60
{

types:
channel C extends DatarateChannel

{
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parameters.
delay = 2ms;
datarate = 6 Mbps;
/
submodules:
rte[57]: Node {
parameters.
address = index;
/

connections allowunconnected:

rte[0] .port++ <--> C <--> rte[l].port++;
rte[1].port++ <--> C <--> rte[2].port++;
rte[1].port++ <--> C <--> rte[4].port++;
rtef3].port++ <--> C <--> rte[4].port++;
rte[4].port++ <--> C <--> rte[5].port++;
rtef[4].port++ <--> C <--> rte[7].port++;
rte[5].port++ <--> C <--> rte[6] . port++,
rtef5].port++ <--> C <--> rte[10] port++;
rte[6] .port++ <--> C <--> rte[7].port++;
rte[6] .port++ <--> C <--> rte[9].port++;
rte[7].port++ <--> C <--> rte[8]. port++;
rte[7].port++ <--> C <--> rte[12] port++;
rte[9] .port++ <--> C <--> rte[l1].port++;
rte[10] port++ <--> C <--> rte[l1].port++,
rte[10] port++ <--> C <--> rte[13].port++,
rte[11].port++ <--> C <--> rte[l12].port++;
rte[11].port++ <--> C <--> rte[l14].port++;
rte[12].port++ <--> C <--> rte[15].port++;
rte[13].port++ <--> C <--> rte[l18].port++;
rte[14].port++ <--> C <--> rte[l5] . port++;
rte[14].port++ <--> C <--> rte[22] port++;
rte[15].port++ <--> C <--> rte[16].port++;
rte[16].port++ <--> C <--> rte[17].port++;
rte[16].port++ <--> C <--> rte[23].port++;
rtef[18].port++ <--> C <--> rte[19].port++;
rtef[18].port++ <--> C <--> rte[2]].port++;
rte[19].port++ <--> C <--> rte[20] .port++;
rte[19].port++ <--> C <--> rte[26].port++;
rte[20].port++ <--> C <--> rte[2]].port++;
rte[20].port++ <--> C <--> rte[24].port++;
rte[20].port++ <--> C <--> rte[25] . port++;
rte[21].port++ <--> C <--> rte[22] . port++;
rte[21].port++ <--> C <--> rte[23].port++;
rte[21].port++ <--> C <--> rte[24].port++;
rte[23].port++ <--> C <--> rte[24].port++;
rte[24]. port++ <--> C <--> rte[28].port++;
rtef25].port++ <--> C <--> rte[27].port++;
rte[26]. port++ <--> C <--> rte[32].port++;
rte[27].port++ <--> C <--> rte[29] . port++;
rte[27].port++ <--> C <--> rte[30].port++;
rte[27].port++ <--> C <--> rte[32] . port++;
rte[28].port++ <--> C <--> rte[29] . port++;
rte[28].port++ <--> C <--> rte[31].port++;
rte[29].port++ <--> C <--> rte[31].port++;
rtef[30].port++ <--> C <--> rte[36].port++;
rte[31].port++ <--> C <--> rte[33].port++;
rtef[32].port++ <--> C <--> rte[34].port++,
rte[33].port++ <--> C <--> rte[37].port++;
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rte[34] . port++ <--> C <--> rte[35]. port++;
rte[34] . port++ <--> C <--> rte[40].port++;
rte[35].port++ <--> C <--> rte[36].port++;
rte[35].port++ <--> C <--> rte[39].port++;
rte[36].port++ <--> C <--> rte[37].port++;
rte[37].port++ <--> C <--> rte[38].port++;
rte[38].port++ <--> C <--> rte[39].port++;
rte[38].port++ <--> C <--> rte[42].port++;
rte[39] . port++ <--> C <--> rte[40].port++;
rte[39] port++ <--> C <--> rte[41].port++,
rte[40].port++ <--> C <--> rte[43] . port++;
rte[40].port++ <--> C <--> rte[44].port++;
rte[40] port++ <--> C <--> rte[52] port++,
rte[41].port++ <--> C <--> rte[42].port++;
rte[41].port++ <--> C <--> rte[43].port++;
rte[42].port++ <--> C <--> rte[43].port++;
rte[43].port++ <--> C <--> rte[46].port++;
rte[44].port++ <--> C <--> rte[45] . port++;
rte[44].port++ <--> C <--> rte[47].port++;
rte[45].port++ <--> C <--> rte[46].port++;
rte[46].port++ <--> C <--> rte[49].port++;
rte[47].port++ <--> C <--> rte[48].port++;
rte[48].port++ <--> C <--> rte[50].port++;
rte[48].port++ <--> C <--> rte[51].port++;
rte[49].port++ <--> C <--> rte[50].port++;
rte[50].port++ <--> C <--> rte[53].port++;
rte[51].port++ <--> C <--> rte[52] . port++;
rte[51].port++ <--> C <--> rte[53].port++;
rte[52].port++ <--> C <--> rte[53].port++;
rte[52].port++ <--> C <--> rte[54].port++;
rte[53].port++ <--> C <--> rte[56].port++;
rte[54]. port++ <--> C <--> rte[55].port++;
rte[55]. port++ <--> C <--> rte[56].port++;
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