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Abstract of Bachelor’s Thesis
A Routing Protocol for Ad Hoc Heterogeneous
Network

Advances in technology of wireless communication bring attentions that a network is
called mobile ad hoc networks (MANET). Though many routing protocols have been
proposed for MANET, assumptions for most of these protocols are that the nodes have
same wireless media, and these wireless media use Internet Protocol (IP) address.
Recently many wireless media have been standardized, thus the nodes constructing
MANET do not always have the same wireless media. If the wireless media of a source
and a destination node are different, the source node is not able to communication
with the destination node. In addition, the node with the wireless media which uses
no IP addresses can not construct of MANET.

A Routing scheme that a node selects a shortest-hop route is not suitable for
MANET constructed with different wireless media. The reason is that such the routing
scheme makes a node regard as same 1 hop whether throughput of wireless standards
is high or not. Thus MANET constructed with different wireless media needs a routing
scheme which does not use a hop-metric but other metrics.

This paper presents Protocol Transport Routing (PTR) and Estimated TCP through-
put maximization Routing scheme (ETR). PTR builds MANET with different wireless
media without [P addresses. We planed, implemented, and evaluated PTR. In evalua-
tions of PTR, We built MANET with 802.11b and Bluetooth, and evaluated PTR by
TCP throughput. In MANET constructed with only 802.11b, TCP throughput was
degraded sharply when a number of hops increased. On the other hand, in MANET
constructed with 802.11b and Bluetooth, TCP throughput was not degraded sharply
when 2 or 3 hops increased.

ETR is a routing scheme which does not use a hop-metric. In ETR, a source node
measures an end-to-end delay to its destination as well as a collection of loss ratio for
each traversal link. The source node estimates the maximum TCP throughput based
on the first approximation with these measured values, and selects a path dynamically.
We evaluated ETR in MANET constructed with same wireless media. In our testbed
network, ETR improves TCP throughput.

Finally we suggest an effective Ad Hoc network routing protocol for different wireless
media.

Hitomi Takahashi

Faculty of Environmental Information
Keio University
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4 ™
[0 Source Node S:

Send data to Destination(D):

if (Route_Exists(D) == NULL){
Send_Route_Request (D) ;

Yelsed{
Add_PTR_Header () ;
Change_IPhdr();

}

We have no route to D, Send Route Request:

Send_Route_Request (D) {
Get_IF_Info();
Make_PTR_Req_Header () ;
Make_IPhdr();
dev_queue_xmit () ;

0 3.11: 0000

gboogbbuogbbodn s.120bbugbooobooobogbbuognoog
gbobbuoodgobood

e pkt_type = Route_Request
e hdr_len = 32

e Req_src_addr = S

e Target_addr =D

e IF[0] = Bluetooth

PTROODOOODOODOOO hdrlenODO OO IPOOOOOOOOODOO Hop-addr
OD000000D0000 32BytedU000Reqsrcaddr 0000000000000
OO0 SOD0000D0O0Targetaddr DO DO OOOODOOOOOOOIFOODO
gbobbooggbbbooobobobbogobbobooooboboogoobooo
DD0000b0000 Route Il DOODODOODDOOODOOODODOODODOOO
OO00000 RouteIDODOODOOODODOODOODODOOODOOODODODOOO
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IF[0] IF[1]
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Make IPhdr() 0 PTROOOODO0O0O0O0OOOOOIPOOOOOOOOOOOO
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e iph->daddr = 255.255.255.25b56

e iph->saddr = S

e iph->tot_len = 32+sizeof (iph)

e iph->proto = IPPROTO_PTR

o0 pPO0D00OO00O00OO0OODO0ODOODODOOODOODbOODODbDODbDODbDObO
gobobooobooboboobogobgpIRODOODODODOOOODLDODODO
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OO000000000o00DdoodobdDoooDooooooDooooa
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4 ™
U Receive Route Request
if (iph->proto == IPPROTO_PTR)
Rcv_PTR();

Rcv_PTR(){
if (ptrhdr->pkt_type == Route_Request){
if (Tuple_Same()){
goto DROP;

}else if (Route_Exists(D)){
Add_Routing_Table();
Send_Route_Reply();
Save_Packet ()

}else if(ptrhdr->target_addr == MY_ADDR){
Add_Routing_Table();
Send_Route_Reply_from_Req();
Save_Packet ()

Yelseq{

Forward_Route_Req();
Save_Packet ()

0 3.13: 0000

0 3.9: 00000

00 [ 00
iph IPO0O0OOOOO
ptrhdr PTROOOODOOOO
D 00000000000
MY_ADDR 0000000

Tuple Same() D00 0000000000000 O0OOOOO Route IDOReq_src_addrd
Target addr OO0 OO0 OO0OO0OO0ODOOODODOOODOOOOODOOOOOODOOO
O0000000DROPOODOOODOOOODOOODODDOOODODODODO Route_Exists()
OO0b00OOoDoOoobooDoD Target addr DO D OO ODDOOODOOOOOOOOOODOO
0000000000000000000000000000000 Add_Routing Table()
ooboobooboboboboboboboooobo pTROODDbDODODOOOOOO
O00000000000000000000000 Send Route Reply()DODODOODO
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e Rep_src_addr = JUD0O0O0O0O0O0O0OOOOOOOO

e Target_addr = S
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0000000000000 ooobo0obDb0o0obo0o0ooUnO packet_routed O
guoddooooooobobbbbd
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ptrhdr PTROOOODOOO
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4 ™
U Receive Route Reply:

if (iph->proto == IPPROTO_PTR)
Rcv_PTR();

Rcv_PTR(){
if (ptrhdr->pkt_type == Route_Reply){

Send_ACK();

Add_Routing_Table();

if (ptrhdr->target_addr == MY_ADDR){
goto packet_routed:

telsed{
Forward_Route_Rep();
Save_Packet ()

0314: 0000 (00)

OO00000000oobDd Target addr DO OO ODOOODOOOODOOOOOODOO
00000000000000000000 Forward Route_Rep() 0 00 OO0 For-
ward_Route_ Rep() OO IPOO0O0OOO0O00O0OO0O0O0OOOOOOOOOOOODOO
gbbbuoooobbbooobbbbuooobbboooobbboogbboo
U000 HopaaddrOO OO ODOOODDODODDODOODDODODOODODO IPODOO daddr
gbbbuoooobbbooobbbboagod

gboboobdaog

goooooooooDoobD pTROOCOOOOOOO0OOOOODOODOLOODOO
gbobbuoogobbbooobobobbogobobooooboboogoobooo
gbobobo3b0u0agooo

Oboodb oobodbobPpIRODOOODOOIPDOOODOODOOODDODOO
goobg

U 3.150000bbobobbbouugodag 3.11ggoobboboboobbobbo
000000000 Route_Exists() OO0 PTROODOOOOOOOOOOOOOOO
00000000000000000000Add PTR Header()O OO OO PTROO
ooOIpO00d000bOOo0bOo0bOo0bOobDboOobDboOobDbOO 31e0bOo0bOon
gbbboodgobbboooobbboogobbbuoobbbooooboo
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4 ™
[0 Source Node S:

Send data to Destination(D):

if (Route_Exists(D) == NULL){
Send_Route_Request (D) ;
Yelsed{
Add_PTR_Header () ;
Change_IPhdr();

0 3.15: 00doon

0 311 gdgooo

oo | 00 |
\ D HDDDDDDDDDDD \

e pkt_type = Data
e hdr_len = 32
e Src_ID =S

e Target_ID =D

Route IDOOODODOOOOODOOODOODOOODOOOOMrlend0OIPOOODO
OO0O0bOOboO32Bytel D00 O0OOOODODOO RouteIDOOODODOOODOOO
OobooobobooboobooooobooooboooooboooopPktIDODOOD
gbobobuoogobbbooobobbbogobobooooboboogoooo
O000000000000000 PTROOOOODOOOIPhdr Change() 0000

[Phdr_Change() D000 IPOOOOOOOOOODOOO

e iph->daddr = NEXT_HOP

e iph->tot_len += sizeof (PTRhdr)
e ptrhdrh->trueproto = iph->proto
e iph->proto = IPPROTO_PTR
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Target_addr

Src_addr

pkt_ID Reserved

pkt_type hdr_len Route_ID

| | J
0 16 32(bit)
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obOIpOO00bOOoOooOO0ObOO0O0bOobO  DOobOO0bobOoobOobLoOIPOODO
OoooobobobboPTROODDOODODODOOOODOODODOOODOO
OO0O000OD totldlend PTROODOOOOOODOOODOOOOODOOODIPOODO
Ooooboobooboooobo pTROODOODOOOOIPODOODOODOOO
OO0 PTROODODOOOOOOOO IPPROTOPTRODOODOODO

PTRODUOODOOOOOIPODOODOOODOOIPODOODDOOODOODOOOO
DooboboboboboboobooboboboprRODODOOODODODLDOO
gbobboogobbbooobobbbogobboboooobobooooooo

OO0000 OO00DbO00DbO00DbO00DO TargetaddrOOOOODOOOODO
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gbobboogobbbooobobobbogoboboooobobobooooobooo
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ptrhdr PTROOOODOOO
D 00000000000
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4 ™
[ Forward Node F:

Send data to Destination(D):

if (iph->proto == IPPROTO_PTR)
Rcv_PTR();

Rcv_PTR(){
if (ptrhdr->pkt_type == Data){
Send_ACK() ;
if (ptrhdr->target_addr == MY_ADDR){
Rcv_IP_Header()
Del_PTR_Header();
Yelsed{
Forward_Data();
Save_Packet ()
}

Fowrwad_Data(){
Search_NH();
IP_Daddr_Change () ;

031700000000

DOO0000b000bO00dObDiph—deaddr DO OO OOIPODOOODOOODOOOOO

ooodod oOoboboboboboboooobobopPTROODOODOOO Tar-
getaddrO OO ODOODOODOODOOODOOODOODOODOODODOD PTROOODO
ooogobogoboob savgbogoboobobgoobbob 3120000000
goodg

OOooboooooooon IPPROTOPTROODOOPTROOOD pkt_typed Data
OO0O0o0o00bo0obOobo0od Rev PTROODOOODOPTROOOOOOOODOOO
Target addr 00 0000000000000 00000O0O0ODOOOOOOORev Data()
goobdad

RevIP Header() D0 0D O0O0D0O0O0OO0OOOOOIPODOOOOOOOOOOOIP
gboboggoobooooboo

e iph->tot_len -= sizeof (PTRhdr)

e iph->proto = ptrhdr->trueproto
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OO0000oO00obo0obo0oobbo0ooboOogIPPROTOPTROODOOODO
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DoooobobooobobooboboIpOOb0bproto0dooIPOOCODOOO
O00Del PTR Header()DOOOO IPOOOODO0O0OODOOOODOOOOO PTROOO
ooooooIipoooooon

gooo

OooooooooooopPTRODOOODOOOODOOOODODOODODODLO
gbobbuoogobbbooobbbbuooobbboooobbboogboboo
gbobbuooggbbbooobobobbuogoboboooobobooooooo

0000 00000000000O0DO000000DOO0bOO0bOOOobOOoOOoDOon
0000000000 0000oo0ooo0oooooooooooooooooo
O0o0o0o0oooo 3.1400 3.1roboobooooboog

O00000D00 IPPROOT_PTRODOOOPTRODOODO pkt_type d Route_Reply
0000 Datal0 000000000 O0ODOSend Ack() 000000 Send_Ack() 00O
PTRODODOODOODDOODOODODOODOOODOOODOOODOO PTROODODO
OO0 3.160000000000000000O000OO0O0OOO0ODbDO0

e pkt_type = ACK

e hdr_len = 32

e Route_ID = NULL

e Src_ID =0UUU0OOOOOONO

e Target ID = JUUODODOOUOOOMO

pkttype 00D OD0O0O0DO0 ACKOOUOOhdrlenODODOODO 32Byte0 000
Route IDODOOOOO0OOODOODOODOODODOODOODOODOODOOOOO NULLD
OO00pkt IDOOOODOODOODOOO pkt IDODODOOOOODODOODOOODOODO
O000pkt IDOODOOOOODOOOOOOODOOOOOOODDOOOOOO Src_addr
OO00o000bo0ooboobboobboOdTargetaddreD OO0 OOOOOODOOODO
goo

Ooobobobg pTRODODODOO IPODODODODOPTRODODOODO
oboooooooIlpOobb0obO0o0obOoO0ObOoOobOoOoboOoon

e iph->daddr = ptrhdr->Src_ID

e iph->saddr = ptrhdr->Target_ID
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e iph->tot_len = sizeof (PTRhdr)+sizeof (iph)

e iph->proto = IPPROTO_PTR

OO00b000daddrO0D0000DOO0OO0ODOOOODODOOOODOOO saddrOOOO
Oobooboboooboooobooooboon totldlend PTROOODO IPOCOOO
Oooooooooooooboo pTROUOODOOOOODOOOOOO IPPROTO_PTR
gooo

000000000000000000000Del Packet()00000OOOOOO
gboboboogoboboodan

00000 00000000000000000000000000000000
00000000000000000000000000000000000000
02000000000000000000000000000000000000
0000000000000

0 318000000000000000000000000 3130000000
00000Watch Packet() D000 0000000000000000000000
0000000000000000000000000 3.1103.1403.1703.180 0
0000 Save_Packet() 0000 00 Save_Packet() D0 0000000000000
0000000000000 00Watch Packet() 000000000000 RITO
000000000000000RITOOO0O0O0O0000000000000000
000000000000 200000000 0Resending Packet() 0000000
00000000002000000000000000000000000000
000000000 Send Error()00000000000000000000000
0000000000

Send_Error()000 3.1900000000000000000000000000
00000000000000

e pkt_type = Route_Error

e hdr_len = 48

0 3.13: 0000o

00 [ 00
pkt_ID A
RTT 000 RTT
iphdr IPO0OO0OODODOOO

ptrhdr PTRODOODOOODO
MY_ADDR gbooooggn
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4 N

U A node always checks whether a packet need be sent or not:

while(1){
Wacth_Packet () {
if ( Packet_time(pkt_ID) > RTT){
if (Send_time (pkt_ID) < 3){
Resending_Packet () ;
Yelseq{
Send_Error();

}

O If Ack is not received, the node must send Route Error Packet:

if (iph->proto == IPPROTO_PTR)
Rcv_PTR();

Rcv_PTR(){
if (ptrhdr->pkt_type == Ack){
Del_Packet ()
}
if (ptrhdr->pkt_type == Route_Error){
if (ptrhdr->Target_addr != MY_ADDR){
Forward_Data();
Save_Packet();
}
}
Del_Route();

0 318 00000

e Src_addr = UUUOOODOOOOO
e Target_addr = JUDOUOOOOOOO
e Error_Src_addr = JUOUOO0OO0OOOOOOOOODOO

e Error_Target_addr = UUUU0O0DOOOO0O0OO0OOOOOO0

pkt_type D0 OO0 ODOOODO RouteError OO0 OO0O0O0OOO hdrlen OO0
O000 48byte DO DO OSrcd Target ID OO OO O0DODOOOOOODOOODODODO
OO0D0000000000 Error_Tareget addr 00000000000 OOOOOO
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Error_Target_addr

Error_Src_addr

Target_addr

Src_addr

pkt_ID Reserved

pkt_type hdr_len Route ID

\ \ \
0 16 32(bit)

0 319 000000400

Error Srcaddr D00 0O00O00O00OO00OO0O0O0O0OOOODOODOODOOOODOOOO
OoooobooboboboboIpOboobboobooobooooboIpOOOO
gbobbuoogoobbbdoodon

e iph->daddr = U UOUOUOOUOUOOOU

e iph->saddr = ptrhdr->Error_Src_addr

e iph->tot_len = sizeof (ptrhdr)+sizeof (iph)
e iph->proto = IPPROTO_PTR

obooboobooboobotdbtbdaddrbo0ogooogoobooboonon
gbobbuoogobbbooobbbbuooobbboooobbboodgbbobo
Osaddr 000000000 O0OOODOOOOOO0OOtotdenOproto0 000000
gbboboodgobood

J0000 PTROOOO pkt_type Route_Error U0 O OOOOOOOODODOO
gbbbuoogobbbooobbbbuooobbboooobbboogbboo
gbobboodggbbboooobbbogobobooooboboboogoobooo
000000000000000000000 Forward Data() 0000000000
gbobbbooggoboouoooobboobbbuoooobboboogoooooon
gbobbuoooobbbooobobbboodgoboo

0000000000000000 Del.Route()000 PTROOO OO Error_Target_addr
gbobboogobboogon

3.6 0O

0000 RedHat7.30 Linux24 000000 PTROODODOOOODOOOODODOO
oo0 320000 10000040000000000000000000000
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1 Source Node:
D : Destination address
Send data to Destination(D):

if (Same_Destination_Route(D) > 1){
Route_Use_Flag_UP(D);
if (TCP_Estimation_State(D)== NEW){
Route_to_Dst = Max_TCP_Route(D);
Send_Data(Route_to_Dst);
}
if (TCP_Estimation_State(D) == (NULL || OLD)){
Route_to_Dst = Shortest_Route(D);
Send_Data(Route_to_Dst);
}
}
Send_Data(Shortest_Route(D));
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Route : Route ID

while(1){
Route = Check_Use_Time();
if (Route)
Route_Use_Flag_DOWN(Route) ;
}

Each Interval time:

Route = Check_Use_Flag(Route);

if (Route){
Send_Etr_Req(Route) ;

}

- /

0 410: O0O0OOO0O
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TimeStamp
Min_Delay
pkt_type hdr_len Route_ID

\ \ \
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e ETR_Req—>pkt_type = Loss_Req

e ETR_Req—>hdr_len guoooooooon

e ETR_Req->Route_ID gbooobog

e ETR_Req->Min_Delay = U U 00

gbobobooooboo

e ETR_Req—>TimeStamp
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4 ™
Probe : Loss Request,Reply packets of ETR

Receive Probe Reply:

Calculate_Loss_Rate(Probe);
Calculate_Delay(Probe) ;

- /

0 412 0000000
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TimeStamp

pkt_type hdr_len Route ID
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0 Intermediate Node:
Receive Probe from S to D:

Insert_Packet_Loss(Probe);
Forward_Next_Hop(Probe) ;
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e Etr_Rep—>pkt_type = Loss_Rep

e ETtr_Rep—>hdr_len

(Etr_Req->hdr_len)-8

e Etr_Rep—>Route_ID Etr_Req->Route_ID

e Etr_Rep->TimeStamp = Etr_Req->TimeStamp

000000000000 pkttypeD DO OODOOOO Loss_ReqU OO O hdr_lend
Route IDO TimeStamp O O OO0 0D 0OO0O0OO0OODOODOOOOOOOODOOO

4 N

O Destination Node:

Etr_Req : Loss Request packet of ETR
Etr_Rep : Loss Reply packet of ETR

Exist_Min_Delay(Etr_Req);
Calculate_Loss_Rate(Etr_Req);
Return_Etr_Reply(Etr_Rep) ;
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