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APIs, we try to hide distributed, low-level operations in the NesC programming

ooog language. The algorithm-level APIs and other NesC codes can automatically
- be converted into simulator codes. The proposed support environment also
provides functions for monitoring, logging and debugging of distributed pro-

grams. We have implemented some protocols in the proposed environment,
D D D D D D D D D D D D D D D and evaluated its usefulness.
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01 0000 ApIO0OOO
Table 1 Example of D-sense design APIs.

Generic APIs

Get the IDs of the one hop neighbor nodes
-> get_neighbors(IDs([],len_IDs)

Send a packet to the designated node
-> send_unicast_packet (ID,pkt)

Position based protocol APIs

Get the position of the designated node
-> get_position(ID)
Compute the distance between the designated two nodes
-> get_distance(ID,ID)
Hierarchical protocol APIs
Get the IDs of the cluster members
-> get_cluster_nodes(IDs[],len_IDs)
Get the cluster head of the neighbor cluster
-> get_neighbor_clusterhead()

Energy Constraint Protocol APIs

Get the residual battery of the designated node
-> get_residual_energy(ID)

Get the energy consumption to send a packet
-> get_transmission_energy()

Network Constraint Protocol APIs

Get the delay between the designated two nodes
-> get_delay(ID,ID)

Get the packet loss ratio at the designated node

-> get_packet_loss_rate(ID)
Functional (Combined) API

Get the ID of the maximum residual battery node in a cluster

Get the minimum delay node which has the specific data
Get the packet loss ratio in the tree

obooobooooooboooobooboooo
gobooooobooooooooboooobocOooooOoOoOoOoOoOoOoOboOoOoOooooDoo
goooooooooooooobooooooboOoboOooobooboOoOboboOobOooooDbbooo
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Fig.2 A snapshot from QualNet Simulator (sensor node status is visualized).

03 Mica MOTEDOUDDDDOOOOOOOOD LEDODODOOOOOOOOO
Fig.3 Visualization of LED and battery for Mica MOTE.
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02 0000 ApPIOOO
Table 2 Example of D-sense Debug APIs.
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-> distance_within(position, distance)
o0o000O00 nO0O0D0OOOOODDOOOOODO
-> hop_-num_within(ID, hops)
gooOooOo0oOooOOoOoOoOoOOooOoOooOooooo
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oooooooo API
ooooooooooo
-> on loop detected()
0oooooonD API
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$.on_loop_detected —>|

nodeIDs = $.received_packet->recent_visit_nodes;

foreach u in nodeIDs {
u.refresh_table();

}
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Behavior Description
for Each Debug Agent (Sensor Node)

Behavior Description
for Debug Controller (Base Station)

monitor if on_loop_detected
is executed

receive received_packet->recent_visit_nodes

send received_packet->recent_visit_nodes
P - - from a debug agent

to debug controller

nodelDs = received_packet->recent_visit_nodes

receive notification
from debug controller

foreach u in nodelDs
send notification to node u

execute refresh_table()

04 O00O0O0OOOOODOOOOOO
Fig.4 Distributed execution of debug scenario.
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01: get planar graph(graph g){
02:  len = get neighbors(neighbor 1Ds, sizeof(neighbor IDs)),
03:  for 1=0;1<len; i++){

04: nodelD = neighbor IDs][i];

05: for j = 0; j <len; j++){

06: nodelD' = neighbor IDs[j];

07: if (get_distance(myID,nodelD)

> max(get_distance(mylD,nodelD"),
get distance(nodelD,nodelD")))
08: g.remove_edge(mylD nodelD),

(a) RNG Generation

01: len = get _neighbors(neighbor IDs, sizeof(neighbor IDs));
02: forwardID = get my ID();
03: for (i=0;i<len; i++){
04:  nodelD = neighbor_IDs[i];
05:  if(get_distance(nodelD,targetID)
< get_distance(forwardID,targetID))
06: forwardID = nodelD;
07: if(forwardID != myID) // forward toward a nearer node
08:  send_unicast_packet(forwardID,packet);
09: else peremeter_mode == true; // perimeter mode (omitted)

(b) Greedy Forwarding

05 GPSROODO
Fig.5 Example implementation of GPSR.
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01: SNGF(message){

02:  my length = get_distance(message->target 1D, myID);
03:  len = get_neighbors(neighborlDs, sizeof(neighborlDs));
04: num_FS first=0; num FS Second = 0;

05:  for (1=0;1<len; i++){

06: nodelD = neighbor_IDs[i];
07: diff = my_length
- get_distance(message->target 1D, nodelD);
08: if(diff > 0){
09: if(diff / get_delay(mylD,nodeID) > set_point)
10: FS_firstfnum_FS_first++] = nodelD;
11: else
12: FS second[num_ FS Second++] = nodelD;
13: }
14:
15:  if(num_FS first > 0){
16: forwarding_probability = 0;
17: forwarding_nodelD = FS_first[0];
18: for(i=0;i <num_FS first; i ++){
19: nodelD =FS_first[i];
20: fp = get_probability

(get_distance(myNodelD,nodelD)
.get_queue_size(nodelD));

21: if(fp > forwarding_probability){

22: forwarding_probability = fp;

23: forwarding_nodelD = nodelD;

24:

25: send_unicast_packet(nodelD, message);
26:

27:  else // forward toward the nodes in FS_second
28:

06 SPEEDOOD
Fig.6 Example implementation of SPEED.
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01: num = get_tree_nodes(root node ID,
treeNodes,sizeof(treeNodes));

02: while (num < N){

03: parentNode = NULL,;

04: childNode = NULL;

05:  energy = MAX VALUE;

06:  for (1=0;1<num; it++){

07: node = treeNodes][i];

08: min_ID = get minimum_energy node(node->1D);

09: if(energy > get_energy consumption(
node->ID,min_ID)){

10: parentNode = node;

11: childNode = get_node(min_ID);

12: energy = get_energy_consumption(

node->ID,min_ID);
13: }
14: 3}
15: \ if(parentNode) add_child(parentNode,childNode);
16:
17: num = get_tree_nodes(root_node ID,
treeNodes,sizeof(treeNodes));
18: for(i=1; 1 <N;i++)
19: for(j=1;j <N; j++)
20: nodel = get node(1); node] = get node(j);
21:  if(has_children(nodel,nodel)){
22: len = get_children(nodel,childrenIDs, sizeof(childrenIDs));
23: if(is_neighbours(nodel,childrenIDs))
24: set_parent(childrenIDs,nodel);

07 BIPODOO
Fig.7 Example implementation of BIP.
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01: omn_agent received(source ID,agent packet){

02: event_table = set_event_distance(
agent packet->num_hops,source ID);
03: agent packet = set_event_info(

agent packet, event table);
04: if(agent_packet->ttl-- > 0)
05: send_unicast_packet(
get_not visited_neighbor(agent packet),
agent_packet);

08: on_query received(source ID,query packet){
09: query_packet->ttl--;
10: if(get_num_hops(event_table,query packet->data)==0)

11: doQuery(query packet)
12: else if (get_hops(query packet->data) > 0)
13: send_unicast_packet(query packet,
get_forwarding_direction(event_table,query packet))
14: else
15: send_unicast_packet(
get_not visited_neighbor(query packet),
queryPacket)

_.
53?
-

0 8 Roumor Routing 000

Fig.8 Example implementation of Rumor Routing.

03 SPEED OO0OO0OO0OOOOOOO
Table 3 Lines of code of SPEED.

(1) 0000 API | (2) C++ | (3) NesC
oo 221 1,044 1,147
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Fig.9 Arrangement of MOTESs in real environment.
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Fig. 10 Performance of SPEED protocol.
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Fig. 11 Result of modified simulation.
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