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ABSTRACT

In this thesis, we proposed the improvement of Associativity-Based Routing protocol
(ABR) in Ad-Hoc wireless networks. In route discovery process of ABR protocol, when mobile
host needs a route to destination. It initially broadcasts the route request message to entire of the
network. Result in the routing protocol ABR can gets the best stability route in scarching duration.
But one of the wireless ad-hoc network characteristics, each mobile host can freelv move. Higher
movement speed result in higher route discovery overhead. Additionally, broadcasting to entire of
the network consumes more resource.

We proposed the Modification of Associativity-Based Routing protocol (MABR), by
considering mobile host’s position. This pesition information is used to predict the position or
expected arca of arbitrary mobile host in the network. Route request messages arc only
broadcasted to limited area that expects 1 or more route will be founded. Called, request zone
which included an expected area of the desired host. Also this limitation can reduces more route
request messages. Also mobile hosts which are outside the request zone can avoid the route
request interruption.

We evaluate performance of our proposed protocol by means of simulation. Simulation
results showed that MABR can provide the better performance such as lower overhead, delay,
mobile load, higher packet delivery ratio and data throughput comparing with those of ABR

protocol.
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Communication O(c) 0oWn) O(vn) 0oWn)
complexity (lookup)

Time complexity 0(+n) OWn) OoWwn) 0n)
(update)

Time complexity 0(c) oWn) OWn) 0(n)
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State volume 0(n) O(c) . Ollog(n)) 0(c)
Localized information | Yes No Yes No
Robustness High Medium Medium Medium
Implementation Low High Medium Low
complexity

Abbreviations: n = number of nodes, ¢ = constant
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3.2.2.2 DREAM (Distance Routing Effect Algorithm for Mobility)
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Begin
For cach Route in §,
Begin
a<-0

For each node j in Route S,

Begin
If (AT, 2 Apyeasiorn) Hit+: Else Litt;
If(RLij ZRL,,) U++; Else Y ++;
at+;

End

H_.=Hfa L, =L/fa

Uoo = Uda; Yo =Y/

End

//Best Route computation

Let the set of acceptable Route with U, =0 and H; 7‘—' 0bcP,, where P, C S,

Begin
// Find Route with highest degree of association stability
YV 1#k

Or if a set of Routes K exists such that H

Compute a Route kwithH, > H

lave?

klave = Hkhvc T 'Hkpavc

Wheren= {1,2,3, ...p}
Begin
//Compute minimum Hop Route without violating relaying load

Compute a Route Kk with Min{Kk} < Min{Km}, Vk—'/—'m

Or if a set of Routes Ko exists such that Min{K1} = Min{K2} =...Min{Kq},

Where o = {1, 2,..q}

Begin

Multiple same Associativity & Minimum Hop Routes exists

Arbitrary select a minimum Hop Route Kk from Ko
End
End
End
End
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5.1.1.1  3Uuuuunane3averdune (ABR Broadeast Query Packet)
sUuuuummnedeaveidun1aiiia (Broadeast Query Packet: BQ) 92830 U1UINUH

A s d. 1 d‘
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TYPE wiinva ANy (s21iu BQ Packet)

SRC ID 1D ¥04 I lud Taadduma

DEST ID 1D voa Iulud Taaa)aionia

LIVE MinausenieufivzgnATauINAG DY

IM IDs winoiay 1D voa Ty lud laadaaiidudunadouns

METRICS Awiinedine 1¥ianunmvouduma wusinuduiug
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Broadcast Query Packet

typedef struct hdr_abr_be {
u_int8 t be type;
nsaddr t bc src addr;
nsaddr t bc_dst_addr,

u_intl6 t be live;

nsaddr t bc hostAddresses]ABR_MAX_SIZE];

u_intl6_t be_associativity{ABR_MAX_SIZE];

u_intl6_t bc_noOfNeighbors;

nsaddr t bc neighborAddresses] ABR_MAX_SIZE];

u_intl6_t bc neighborTicklABR_MAX_SIZE];

u_int32_t bc_seqno;

} hdr_abr be;

/I Type

/' SRC ID
// DEST ID
/I LIVE

/I IN 1Ds

/l METRICS

/ SEQ NO.

5112 3UuuuunAnNIABUNAITUINA (ABR Reply Packet)

sUupUEMAINIARUATUIFUNIA (Reply Packet) BaunuddviiauoninTuslanea

=) S A a 3/ [ P " o =1 =
01015 ¥93 Ins3er313A33U7 5.2 TavuaazdaaziinnumuonIun1i1an 5.2

TYPE | SRCID | DEST ID

IM IDs

SEQID

ROUTE QUALITIES

CRC

. i 3
311 5.2 doyailadaren luunmnsasunduidunia

AN 5.2 LAAIANUHILUD AT AR ILUNANINBUNA LT UNIS

TYPE ¥iiAvaawAINg (313U Reply Packet)

SRC ID 1D vo1Tulud Taad@umia (RUN13V0UNAINT Reply)
DEST ID 1D voa Tu'ludTaadyaenia (Ya1enisvesuwaine Reply)
IM IDs vinoiaw 1D vea Ty lud Tsadaaa fdhudumadoude
SEQ NO. MUY FIAIUFYDUINAIND

Route Qualities
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Reply Packet

typedef struct hdr_abr_reply {

u_int8 t re_type; /I TYPE
nsaddr_t re_src_addr; /l SRC ID
nsaddr_t re_dst_addr; // DEST 1D
nsaddr t re_inx[ABR_MAX_SIZE]; // IM 1Ds

} hdr_abr_reply;

5.1.1.3  JUnuuunAAUARY (ABR Beacon Packet)
a o aw A = o "
suUiuuuwAInelinou (Beacon Packet) Bariuudsoianoinlislnneaeiions ua
Woray 4 o & o Yy o = gy
lisidoyaunameiidanu Fadeyavewnniniinoudosiivinadanuazil ID vealulyud
s

Teandunmandamamnaiineudlud iy Jseenuunliii Tnseasedsgin 5.3 Tavudaziad

9=1ANUNUIUAILAITIN 5.3

TYPE SRCID

§ a1 @
31 5.3 Joyailada1en luunainsneunduidunia

AI1N 5.3 mmﬂmwmu@ia:ﬂaﬁiuuwmm}ﬁﬂau

TYPE FiinvoanANg (5213 Beacon Packet)

SRC ID ID unﬂu"lun"imfv’fuma ('in"lua'Tafm'ﬁﬁq beacon Packet)

= ° 9y o cr
nndeyaluaisied 5.3 hwaaiumainsdeyasy 1818 Tun1m C++ 1ddail

Beacon Packet

typedef struct hdr_abr _tick {
u int8 tti_type; /I TYPE
nsaddr_t ti_source addr; /{ SRC ID
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} hdr_abr_tick;

5.1.1.4  9ane3INUMII0aUBIFUMI (ABR Route Discovery Algorithm)
dmsudiunaosiimifinovanssdediauilsznoudas Bauriniifesve
Funia sanesnusanisaeduinisaounduiduni danesnumsienidunis uaz
sanasiulumssamsdnuidaeuy  drunmsdesvaidunatazmsnounduidunia

v
annsnvonldidusanesnuuonilulylud leaaaunia senitana uazdaioma ldaail

Algorithm for Intermediate Mobile Host (ABR)

If intermediate 1 gets route request Packet (BQ). Then
O Rebroadcast route request Packet |
Else If intermediate [ gets reply Packet (Reply). Then
If self mobile host’s 1D is one of a reply route. Then
O Make valid roule to route cache.
O Forward reply Packet backward to upper-stream node referred from a reply route.
Else
O Drop Packet
End If
End If

Algorithm for Source Mobile Host (ABR)

If source S wants to communicates to destination D, Then

O Broadcast route request message uses normal flooding mode

EndIf

Algorithm for Destination Mobile Host (ABR)

If destination D gets the route request Packet (BQ). Then
O Select a route uses route selection Algorithm

O Send reply Packet back to the source using selected path

End If
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Sending BQ (Source) Method

void ABR::send BC(nsaddr tdest, u_intl6_tttl) {

Packet *Query = allocpkt(); /I Allocate Query Packet
hdr_abr_bc *bc; /Il Packet type

be->be_type = ABR_PT BC; /f Type = BQ

be->be _src_addr = index; // SRC = self ID (sending Node)
be->be_dst_addr = dest; /{ DEST

be->be_seqno = seqnot+; // SEQ NO.

be->be live =0; // LIVE

be->be noOfNeighbors = 0; /I .METRICS

// Add neighbor information to BQ (Associativity added to Metrics)
neighbor_entry *entry = s_table; // s_table stores ass-tick in mobile host
while(entry != NULL) {

be->be_neighborAddresses[be->be_noOfNeighbors] = entry->addr;
be->be_neighborTick[be->be_noOfNeighbors] = entry->associativity_ticks;
be->be_noOfNeighbors += 1;

entry = entry->next;

sentBCs++; /I count number of sent BQ



/! Send the BQ
Scheduler::instance().schedule(target , Query, 0);
// Start BQ timer for RouteDiscovery time-out and Retransmission

RouteDiscoveryTimer *timer = new RouteDiscovery Timer(this, dest);

/**t*'**ﬂ*****t*t* ROUIC Discovery Timer ******i**l**#*******‘/

RouteDiscoveryTimer::RouteDiscoveryTimer(ABR* abr, nsaddr_t dest) {
this->destaddr = dest;
this->sourceaddr = this->abr->index;
this->distance DEST = -1;
this->ttl = ABR_MAX TTL; lLive
/I Schedule this timer
resched(ABR_ROUTE_DISCOVERY_TIMEOUT);
}
JrrrsrxsxrkxrReRm® Time-out Handler *%% %% &k kkskks sk
void RouteDiscoveryTimer::expire(Event*) {
/I Check for a valid route
abr_route_entry *find = ABR_lookupRouteEntry(abr->r_table, sourceaddr, destaddr,
PRIMARY ROUTE);
// Update number of times this timer has been scheduled
times += 1;
if (find '= NULL) { /I if route founded no retransmits bq again
delete this;
return;
} // Route not found try until reached to limited
if (times == ABR_MAX REQUESTS) {
delete this;
return;
}
else {

/I Try to Query again

45
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abr->send BC(destaddr);
/! Reschedule myself
resched(ABR_ROUTE DISCOVERY TIMEOUT);

return;

}

1509 handle QUERY() vzifumsealunmsaussnounaing BQ fifudiuignaannn
Tu'ludTeanduniadiumson send BCO nazilounanandaluludlaadseniamande
1a1on1aud? 59 handle QUERY() n:qm‘%’unﬁumﬁmmﬁmﬁaniw:ﬁadmumﬂs)(mﬂ
FuTulud Teadseniamamiowasundudiommasnounduteply nsdimiiululud
Teadidmne) damnlulud leadn 145uunane 8Q iy lud Teadaomarziinmsg
AuasmuN MU uduNI9A199 A0 50A ABR _calculateRouteMetrics() i
92i30DNITOA send REPLY(; theidonidumsianganniiniuanidoumiudiaey
dumatundu U ommasinaedouludadunaiidon s uaminTulud Teadi 185y
HWALND BQ Fulyludlaadsenimeideremmdsdosvodumaiudey usnang

LIVE vaammaanuaad unainvezgnaseu hidedeldn

Handle Query (BQ) Method for Intermediate and Destination

void ABR::handle QUERY/(Packet *p) {

nsaddr_t sender = ip->saddr(); // get sender address

hdr abr bc *be = p; // pointer be points to received BQ Packet
nsaddr_t source = be->bc_src_addr,; // set source address from Packet to variable
nsaddr_t dest =bc->bc_dst_addr; // set deste address from Packet to variable

u_int32 tseqno = be->be_seqno;
u_int16_t *hops = &(bc->be_live); // LIVE
u_intl16_t * noOfNeighbors = &(bc->bc_noOfNeighbors); // METRICS..
nsaddr_t * hostAddresses = &(bc->bc_hostAddresses[0]);
u_intl6_t *hostTicks = &(bc->be_associativity[0]);
nsaddr_t *neighborAddresses = &(bc->bc_neighborAddresses(0]);
u_intl6_t * neighborTicks = &(bc->be_neighborTick[0]);
// Check that we haven't handled this request before. If we are the
// destination host, we are interested in processing the Query no matter

// what in order to find the "best" route alternative
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/I Find our associativity tick in list
u_intl6_tassoTick =0,
for (int i = 0; i < *noOfNeighbors; i++) {
if (neighborAddresses[i] == index) {
assoTick = neighborTicks[i];
break;
}
}

/I Am 1 destination? So calculate route quality
if (index == dest) {
buffered_route *br = ABR_calculateRouteMetrics(*hops, hostAddresses, hostTicks);
send REPLY(source, br); // send reply back to source
}
/I Insert our neighbor information
// Current host is not destination and the ttl is zero, drop it!
if ((dest '= index) && (ip->ttl == 0)) {
drop(p, DROP_RTR_TTL);
return;
}
// send out BQ Packet to neighbor

Scheduler::instance().schedule(target_, p, 0.01 * Random::uniform());

}

A ' = o ¢ ¥y & a
Walnang BQ Qﬂfﬂlﬂﬂxﬂﬂvl‘ljﬁiﬁﬁﬂ‘l}ﬁ']ﬂﬂ"l\mﬁ')"lﬂlu'ﬁﬁlﬂ handlc_QUERY() vEHNuN
1 g ¢ P & ) v ¥ v
VHUINIAU 11]‘11]ﬁiﬁﬁﬂﬂﬁWUTI’N‘U%’LﬂﬂﬂLETu‘VINHﬁzﬂﬂiJﬂa'U!.ﬁ'IJTI'Nﬂ'JUll.I‘EBﬂ

ABR_getBestRoute() (ta2 send_REPLY() RV RINT]

Sending Reply from Destination

void ABR::send REPLY(nsaddr_t source, buffered_route *br) {
// Select the best route
buffered route *selected = br;
if (br == NULL) {
selected = ABR_getBestRoute(bufferedRoutes[source]);
}



/I Allocate REPLY Packet

Packet *reply = allocpkt();

hdr_abr reply *re;

re->re_type = ABR_PT_REPLY;

re->re_src_addr = index;

re->re_dst_addr = source;

re->re_hopCnt = selected->hops;

// Copy the route into the REPLY Packet

for (int i = 0; i < selected->hops; i++) {
re->re_inx[i] = selected->routeli];

}

// Send the reply Packet

Scheduler::instance().schedule(target_, reply, 0.);
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Handle Reply for Intermediate and Source

void ABR::handle REPLY(Packet *p) {
hdr_abr_reply * re;
nsaddr_t reply dest = re->re_dst_addr;

nsaddr_treply src = re->re_src_addr;

// Find our position in the route (Intermediate check whether itself is one of the route in reply?)

/{ If I'm intermediate and get reply Packet

intre_index = -1;

for (int i = (re->re_hopCnt - 1); i >= 0; i--) {

if (re->re_inx[i] == index) {
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re_index = i;
break;
}
}
assert(re_index !=-1);
nsaddr_t next,
if (index == reply_dest) {

next = index;

}
else {

next =re->re_inx[re_index - 1};
H

// Update routing table (Valid Route Action in Intermediate)
abr_route_entry *newentry = ABR_insertRoute(&r_table, reply_dest, reply_src, next,
sender, PRIMARY ROUTE);
newentry->expires_at = ABR_CURRENT_TIME + ABR_ROUTETIMEOUT;
newentry->dest_hops = re->re_hopCnt - re_index;
newentry->source_hops = re_index;
//1f I'm Destination of reply Packet (source)
if (index == reply_dest) {
// delete Route Discovery timer
RouteDiscoveryTimer *timer = look->second;
timer->force _cancel();
delete timer;
Packet::free(p); // Send no further , I’'m destination of reply Packet
}
else { // Send this update further along the route , if I'm not the destination of reply Packet

Scheduler::instance().schedule(target _, p, 0);

5.1.1.5 09ane3NuMIMUAdY (ABR Beaconing Algorithm)
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Send Associativity Tick (Send Beacon)

void ABR::send_TICK() {
/I Send another tick to the neighbors
Packet *tick = allocpkt();
hdr_abr_tick *ti;
ti->ti_type = ABR_PT _TICK;
ti->ti_source_addr = index;

p->saddr() = index;

Scheduler::instance().schedule(target |, tick, 0);

}

/*ll**t*#************#*******Tick 'l"imcr *l**ﬂ******t**#**t*‘**#/

void TickTimer::expirc(Event*) {
// Send a TICK message for the neighbors
abr->send_TICKJ();

/! Reschedule timer

resched(ABR_AT_INTERVAL + ABR_JITTER);

Q o @ - a o i o
150A handle TICK() Wdmsumssansunanstaoui ldsunnmsdevesluludlaan

BuqA0150 send TICK() 1507 handle TICK() sxvimihilumstivimnuiinoui

1850010 Tn'lud Teaalaqor1d

Handle Tick (Beacon counting)

void ABR::handle TICK(Packet *p) {
hdr_abr_tick *ti;

nsaddr_t neighbor = ti->ti_source_addr;

// count neighbor’s Ticks ; s_table store list of Associativity-ticks of mobilehosts

ABR_tickNeighbor(&s_table, neighbor, ABR_CURRENT_TIME);

Packet::free(p);




51

512 mssunamualdsinneaturudumaduedens
Funmsudludonnmssunamudlus Tnnoagunidumasiosdaluiadod 5.1.2 dalu
31 5.4 5,500 5.6 iusanoIAuAILENINTYs Taneaeiiorsia Funaludauiiiy
vionduziudiuimudndl) #9148 ouiu IarvessaneIiuuisoemilu 3 do
a0 TwluTeaadums Yaroma nazsznitona dnfusadlvlfulgssanoifuiuanaty

¥
swwaziduaveslls Innoaiedorsitudail

Algorithm for Intermediate Mobile Host(MABR)

If intermediate 1 gets route request Packet (BQ). Then
If position information available in request Packet (BQ). Then
o Update source and destination positions with timestamps to its PIT.
o Compute expected zone and request zone by source, destination positions and
timestamps
o  Get position itself
If position itself I is in request zone. Then
o Rebroadcast route request Packet
Else
o Drop Packet
End If.
Else
o  Rebroadcast route request Packet
End If
Else If intermediate | gets reply Packet (Reply). Then
If position information available in Packet. Then
o  Update destination position with timestamp to its PIT.
End If
If its mobile host’s ID is one of a reply route. Then
o Make valid route to route cache.
o Forward reply Packet backward to upper-stream host referred from a reply

route.
Else
o Drop Packet
End If

End if

Algorithm for Source Mobile Host (MABR)
If source S wants to communicates to destination D, Then
o  Lookup destination position in PIT.
If destination position is empty and run in normal ABR mode. Then
o Broadcast route request Packet uses normal flooding mode.
Else If destination position is empty. Then
o Append its position and timestamp to route request Packet. (BQ)
o Broadcast BQ to the Network.
Else If destination position isn’t empty. Then
o Append its position, destination position, and timestamps to route request
Packet
o Broadcast BQ to the Network.

End If
End If

Algorithm for Destination Mobile Host (MABR)

If destination D gets the route request Packet. Then
If position information available in Packet. Then
o Update source and destination positions with timestamps to its PIT.
o Select a route uses route selection Algorithm
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o Include position and timestamp itself to reply Packet
o Send reply Packet back to the source using selected path
Else
o Select a route uses route selection Algorithm
o Send reply Packet back to the source using selected path
End If
End If
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bool normalRect(....)

if{ Xi<Xs || Xi>Xd+R || Yi<Ys || Yi>Yd+R ) return false;

else return true;

(P(Xar,Yar)

.
e

qU% 5.12 mamAga P(X,,Y,)
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bool diagonalRect(....)

ifl yil2<=yl && yil2>=y2 && yi3d4<=y4 && yi34>=y3)
return true;
return false;
}
o 7 o . Yo Vo Yy d a ad o an v
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ponu P15 (true) Mioacfase) Taowaii ldaindadduiiszgmirldaduleinlulud

u

=) o

4 ' 4 a ] 1
Teadszninamaszasouwmaadosvoidunisildsunsessimsdenommand oo
2 o o ar z ; VA a [
Funie FevshadFunaaoeil normalRect() uaz diagonalRect() 1 ldnu@nludou
sanasnunisaadulvdsdawmanioadoidunia
o s [l P o @ o = P v d [l a = -~ b d
dmfvdngaunsnluussiassiudisnusBoaite Idudumu@umToud 1y

—— &
TuTs Ianoadusanuiu
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SRC ID 1D voaTuludTaadduma
DEST ID 1D voa TuludTaadaonis
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¢ o = Y A '
IM IDs winuay 1D ves T lud Taadana idhudumaiende
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Broadcast Query Packet

typedef struct hdr_mabr_be {

u_int8 t bc_type; /I Type
nsaddr_t bc_src_addr; [ SRC ID
nsaddr t bc dst addr; /I DEST ID
u_intl6_t be live; /I LIVE
nsaddr t bc hostAddresses MABR_MAX_SIZE]; // IN IDs
u_intl6_t be_associativity(MABR_MAX_SIZE], /f METRICS

u_intl6_t be_noOfNeighbors;

nsaddr t bc neighborAddressesfMABR_MAX_SIZE];

u_intl6 t bec neighborTickl MABR MAX_SIZE];

u_int32 t bc_seqno; // SEQ NO.

// source position details

Sloat Xs; // x axis
Sloat Ys; /y axis

MMloat Zs; /' z axis
double ts; // timestamp

// destination position details
float Xd;

float Yd;

/Mfloat Zd;

double td; // timestamp

} hdr_mabr_bc;
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siuuuwaInsApUNAUIFUNIS (Reply Packet) Bafiuauddviiaueninllslanea
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INFO
4 a1 @ ¥
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IM IDs nwwiay 1D ves Tu'ludTeadangiidhudunusouds
SEQ NO. MU YHA T VD ILNAINT
. o Y o o W I 7 Y
Route Qualitics apundununmyoaduniiden (dmivlyludleaddoans
nsuRuAmveudun)
o [ o o 3 =) 5/
DEST POS INFO dumdisves Ty ludTeaddunn X, ¥, Zuaznannudoya «,
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Reply Packet

typedef struct hdr_mabr_reply {

u_int§ t re_type; // TYPE
nsaddr_t re_src_addr; /I SRC 1D
nsaddr t re_dst_addr; /I DEST ID
nsaddr t re inxMABR_MAX_ SIZE]; // IM 1Ds

// destination position details
float Xd;

float Yd;

/float Zd;

double td; // timestamp
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} hdr_mabr_reply;

5.1.23  jUnuuunanolneu (MABR Beacon Packet)

dmsugduuuunanaiinen (Beacon Packet) hifidauvosmsudlunliulialan

5.1.2.4 0aneINUANHUTHMI (MABR Route Discovery Algorithm)
) o [ © '
w509 send BCO TuluslaneaduieiionsiinisyfuljaTaouuudesyadumisasiu

o 1 [ o
unatnvdosveidunislavaedoyadrunuslulualaadlaronievin

3 o 1

i 2 “q ¥ o o T 4 v
PositionInformationTable 71 1¥1Audayadwmisveslnludaleanning uazdvoyaves

£

TludTeadawes (Tn'lud Teaddunia) 1niandu SelNode->getLoc(€&Xs, &Ys, &Zs) 1au

i SelfNode iWunoninoinuodaluludaleaailogiu

Sending BQ (Source) Method

void MABR::send BC(nsaddr_t dest, u_int16_t ttl) {

Packet *Query = allocpkt(); // Allocate Query Packet

hdr mabr bc *be; // Packet type
be->be_type =MABR PT BC; Il Type = BQ

be->be src_addr = index; // SRC = self ID (sending Node)
be->bc dst addr = dest; // DEST

be->be_seqno = seqno++; /l SEQ NO.

be->be live =0; // LIVE

be->be_noOfNeighbors = 0; /l .METRICS

MobileNode* SelfNode = (MobileNode*)MobileNode::get_node_by_address(index);
double Xs = 0.0, Ys = 0.0, Zs = 0.0;
double Xd = 0.0, Yd = 0.0, Zd =0.0, td=0.0;
SelfNode->getLoc(&Xs, &Ys, &Zs); // get current mobile host position
int lookuppos = LookupPos(PositionInformationTable, dest);
if( lookuppos != NotFound)
{ Xd = PositionInformationTable[lookuppos] X;

Yd = PositionInformationTable[lookuppos].Y;

// Zd = PositionInformationTable[lookuppos].Z;
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td = PositionInformationTable{lookuppos].timestamp;

}

else
{ /7 if no information record found then using ABR
send BC original(dest, ttl); // call ABR send_BC() method

return;

/**#**t**"*****##* ROUtC Discove[—y Timcr *****i****#**i*******/

RouteDiscoveryTimer::RouteDiscovery Timer(MABR* mabr, nsaddr_t dest) {

/f Similar to original ABR codc

SRRk oKk Rk ok kR Rk ® % Time-out [land]er * %% %% %% % kkokdokokok [

void RouteDiscoveryTimer::expire(Event*) {

/I Similar to original ABR code

2 3 o

4 a4 1A ye ¥
11599 handle. QUERY() 113 Inneaiduotions vzasdoyadumiian 1asuninunaineioes

3 4 & ¥ 3 s Iy

YoIFUNIE BQ 39101500 send BC() Favz 1adoyadmmisvesluludleaddumanos
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Wunnmsdeno lasdonsznianungduuui 1 wazAunzUuuui 2 (581919 normalRect
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0% diagonalRect) Fan1sidonuddnIssianinisniaulunaazasa nisvununialy

! y ' s sdy 19 ¢ ¢
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Ya1um1aveaunaing wazAanau lar->forward() 33 uAINAUNNTY false unANIZDIVD



67

4 | o " o ]
dumaszgaasouaionlvii luludTeadszniama IR ummasioavordumand

¥ '
aupIDguaNiuinsdedommasiesvardunia

Handle Query (BQ) Method for Intermediate and Destination

void MABR::handle QUERY (Packet *p) {
double Xs, Ys, Zs, ts;
double Xd, Yd, Zd, td;

nsaddr_t sender = ip->saddr(); /I get sender address

hdr_mabr_bc *bc = p; // pointer be points to received BQ Packet
nsaddr_t source = be->be_src_addr; // set source address from Packet to variable
nsaddr_tdest =bc->bc_dst_addr; // set deste address from Packet to variable

u_int32 t seqno = be->be_seqno;
u_intl6_t *hops = &(bc->be_live); /I LIVE
u_intl6_t * noOfNeighbors = &(bc->be_noOfNeighbors); // METRICS..
nsaddr _t * hostAddresses = &(bc->be_hostAddresses[0]);
u_intl16_t *hostTicks = &(be->be_associativity[0]);
nsaddr_t *ncighborAddresses = &(bc->be_neighborAddresses[0]);
u_intl6_t * ncighborTicks = &(bc->bc_neighborTick[0]);
// modified include position info
Xs = (double)bc_m->Xs;
Ys = (double)bc_m->Ys;
/4 Zs = 0.0;
ts = (double)bc_m->ts;
Xd = (double)bc_m->Xd;
Yd = (double)bc_m->Yd;
/ Zd = 0.0,
td = (double)bc_m->1td;
//get current mobile host position
MobileNode* SelfNode = (MobileNode*)MobileNode::get_node_by_address(index);
double Xi = 0.0, Yi = 0.0, Zi = 0.0;
SelfNode->getLoc(&Xi, &Yi, &Zi);
// create lar scheme

LAR *lar = new LAR(speed);
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//set up type of request zone normalRect() or diagonalRect()
lar->SetScheme(scheme),;
int lookupdstinfo = LookupPos(PositionInformationTable,dest);
// forwarding decision by LAR

bool forwardD = lar->forward(Xs, Ys,ts, bc_m->Xd,bc_m->Yd,bc_m->1d, Xi, Yi);

// modified MABR::if newer destination location stored in intermediatenode then replace newer
Hocationinfo to the Packet being forward.....

/fupdate newer position table

InsertPos(PositionInformationTable, source, Xs, Ys, 0.0, ts);

InsertPos(PositionInformationTable, dest, bc_m->Xd, bc_m->Yd, 0.0, bc_m->td);

// if intermediate mobile host is outside of request zone, Drop it!.
iff forwardD == false && index!=dest) {

Packet::free(p);

return;

¢

g

// Check that we haven't handled this request before. If we are the

// destination host, we are intercsted in processing the Query no matter
// what in order to find the "best" route alternative

// Find our associativity tick in list

4 ' @ 4 4 -
iiouwniny BQ gnaunialuludTeasmlaioniaudadaunsen handle QUERY() 92gnisun
4 o v ¢ 4 y v oy y
Jupiinu Tu'lvdaleaddaronezidenduniuazasunduidunNIAUINT A

ABR_getBestRoute() 1% send REPLY() ANa1AY

Sending Reply from Destination

void MABR::send REPLY(nsaddr_t source, buffered_route *br) {

// Select the best route
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buffered route *selected = br;
if (br == NULL) {
sclected = ABR_getBestRoute(bufferedRoutes[source]);
}
/I Allocate REPLY Packet
Packet *reply = allocpkt();
hdr_mabr_reply *re;
re->re_type = MABR_PT REPLY M;
re->re_src_addr = index;
re->re_dst_addr = source;
re->re_hopCnt = selected->hops;
MobileNode* SelfNode = (MobileNode*)MobileNode::get_node_by_address(index);
double Xd = 0.0, Yd = 0.0, Zd =0.0, td=0.0;
// get current mobile host’s position and attach position information to reply Packet
SelfNode->getLoc(&Xd, &Yd, &Zd),
re->Xd = (float)Xd;
re->Yd = (floar)Yd;
Hre->Zd = (float)Zd;
re->td = MABR_CURRENT_TIME;
re->re_type = MABR PT REPLY:
re->re_src_addr = index;

de Ty ludleadsenitamanio ' lud laaadunia IS ummasinawezdsdoyadmmia
voalu'lud Teaddaromannlsudadoyadmisluaisiadoyadwmisvesau Aou
TuinaslumnadumansdifidiulyludTeadduna niededelunsdiiiiululualeas

FENININ

Handle Reply Packet for Intermediate and Source

void MABR::handle REPLY(Packet *p) {

hdr_mabr_reply * re;
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nsaddr_treply dest = re->re_dst_addr;

nsaddr_treply src =re->re_src_addr;

/added

double Xd = (double)re->Xd;
double Yd = (double)re->Yd;
double Zd =0.0;

double td = re->td;

/fupdate position information table(PIT) from recieved reply Packet
::InsertPos(PositionInformationTable, reply_src, Xd, Yd, Zd, td);

/lend

// Find our position in the route (Intermediate check whether itself is one of the route in reply?)

// 1f I’'m intermediate and get reply Packet

5.1.2.5 daneinumImineu(MABR Beaconing Algorithm)

v
sanoinut s Tanoaduations hiimsud lveinTys Tanoadu

d‘ v o o
5.2 Nﬁﬂqﬂﬂ1ﬂﬂ15ﬂ1aﬂaﬂ1ﬁﬂ131u

© ° =) L4 o a0 ¥ ° o
HamI$1aeaniinueedTis Tansaeiiondwzinuwan ldvinmstiiaoimsiinu
o . & ° o =Y o o @ Y
IG5 % (Trace File) Fasznoudonanisirassmshauvvetimdudmivlem
o ° & o 1 A P
MsuaaIRansiasamsnauduiudnuus Insaie nandeuiiveslead Jeyauas
Franfnmsdemstoya nazkamsiaosmaiaunyazduaziuiinduiagn
) C; - J L '
pt1efiAaduNwluaIwes MAC, Routing (Network Layer) 1Hudu saufiauondumiaves
& = d dv o = o o
TuludTead gadoyauvuazidvamariininninsgvinaninnissiaesnsinam juuy
o = 4 o oy N Yo = (Y = “
yoamsa Ia lueiiorfuazidmeiiond Idsmuao 1ilisduuudanisian 5.6 uazaiined
5.7
ar " 3/ =1 4
arednzluuuvesdeyamsaveslslaneaniions
$0.000001000 4 RTR ---0 ABR 25 [0 0 0 0] ------- [4:25 -1:255 32 0] (ABR_TICK)
d 0.000001000 _4_RTR -0 ABR 25 [0 00 0] ----- [4:25 -1:255 32 0) (ABR_BC)
r 0.000001000 4 RTR ---0 ABR 25[0 00 0] -~ [4:25 -1:255 32 0) (ABR_REPLY)
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Event

Abbreviation

Type Value

Wireless Event

s: Send
r: Receive
d: Drop

f: Forward

%.9f %d (%5.2f %5.21) %3s Yods Yod %s Yod [Yox Yox Yox %ox]

%.9f %d_ %3s Yods %d %s Yod [Yox %ox %x %ox)

double Time
int Node ID
double X Coordinate (If Logging Position)
double Y Coordinate (If Logging Position)
string Trace Name
string Reason
int Event Identifier
string Packet Type
int Packet Size
hexadecimal Time To Send Data
hexadecimal Destination MAC Address
hexadecimal Source MAC Address
hexadecimal Type (ARP, IP)

o b a d a
MTNNN 5.7 liﬁﬂﬂ‘ﬂﬂ}gﬁm?ﬁﬂﬂQIﬂiiﬂﬂﬂﬂlﬂUﬂ'lillﬁSlﬂlJlf]Uﬂ'l‘i

ABR,MABR

------- [%ed:%d %d:%d %d %d] Yes

int Source IP Address
int Source Port Number
int Destination IP Address
int Destination Port Number
int TTL Value
int Next Hop Address, If Any

. (ABR_TICK),(ABR_BC),(ABR_REPLY),

rine (MABR_TICK),(MABR_BC),(MABR_REPLY)

71



12

fetegiuunveudueiion’imsy (MABR trace format)
$0.000001000 4 RTR ---0 MABR 25 [0 0 0 0] =-=---- [4:25 -1:255 32 0] (MABR_TICK)
r 0.000001000 _4_RTR --- 0 MABR 25 [0 0 0 0] ------- [4:25 -1:255 32 0] (MABR_BC)

d 0.000001000 4 RTR ---0 MABR 25[00 0 0] ------- [4:25 -1:255 32 0] (MABR_REPLY)
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611 Tonodisadi 1 lunsdunudumaianua (Control Overhead: CO)

Toofisai 14 umsmmuduma AeySmadoyalumiued Routing (RTR) Fail
wihilumsuidunaliiuawefigan il Susweinamedoyalumss RTR 11
S Taosandiumvuaunain i anua i uunane ABR_TICK  ABR_BC
ABR REPLY dmwmiulislaneainiions LAz s RInLATIT LUNAIN YA N3 a
MABR_TICK MABR BC MABR REPLY udmissonairlumissiasamisiinueeld
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> all control packets size in the network (RTR)
Average control overhead = (6.1)

Simulation Time

6.1.2  Awdlunsaadoya (Data Packet Delay: Delay)

(=) ¢ " ° ]
Adadimaslumsdamanstoya annsadnumldninnasmiunandoya

o Yo

(data packet) Manua gnaaninduniasunszia lddadsudaronis msdawdmauunan

u

woyanignda lda)aunma

> all data packets delay

Average End - to - End Delay =
Amount of Transfered data packets

(6.2)
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6.1.3  9AINTIUAIVUDYD (Packet Delivery Fraction: PDF)
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o 3
A1 1dn

Amount of packets were successfully sent to the taget

PDF = (6.3)

Amount of packets were sent to the network
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6.1.4 5z Inaanuaeluludleas (Mobile Host Load)
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Zsize of all data packets + Zsize of all routing packets

Mobile Host Load = (6.4)

Amount of mobile host in the network
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Data Throughput = _ : ;
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H Writing a procedure called "test"
proc test (} {
set a 43
set b 27
set c [expr §a + $b)
set d [expr [expr $a - $b] * $c]
for {(set k 0} ($k < 10} (inmcr k) |
if (§k < 5) |
puts "k < 5, pow = [expr pow($d, $k)1"
} else {
puts "k >= 5, mod = [expr $d % $k)}"
}

)
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# add a member function call "greet’
Class mom
mom instproc greet () (
Sself instvar age
puts "jage vyear old mom say:
How are you doing?"
)

H Create a child class of "mom" called "kid"
H and overide the member function “"greet*
Class kid -superclass mom
kid instproc greet {} {

Sself instvar =age

puts "§age_ vear old kid say:

WVhat's up, dude?"”
H

H Create a mom and a kid object, set each age
set a [(new mom)
$a set age_ 45
set b [new kid]
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# Calling member function "greet" of each object
$a greet
$b greet
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How are you doing?
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15 year old kid say:

What's up, dude?
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Unicast

$ns rtproto type

type: Static, Session, DV, cost, multi-path

Multicast

ns Multicast (right after set $ns [new Scheduler])

$ns mrtproto type
type: CtrMcast, DM, ST, BST
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d’ 1 1 o a
°  Mu¥eNADITHINIENTUDANY C++
o 1 aa J =4 s :
Tumsuunweouiaaenndouvuluniy c++ uazloRFuoadnA10AuUN AU
e uIouunmmiziaulauiai dsdednaluzUi naz ifumsuaaimsuunesudanaa
Y o d - a o ' Y oy P A
Y93 C++  191AVoBUIIARA VoI lofduna Tavlualetialaadiaenuniunsen
A a Y . s ] A
MyAgent WITUNDANININAATY Agent UAE 319 Linkage 910 C++ Tddalenduoaro
v d o a 3/ - o o -
AgentMyAgentOTCL Taud1aeauivnves lohidueali liSunoouiiaves C++u1iinudn
\ & \ Lo M 4 o dan ¥ 9 d o o q ¥
aonila 1auHIuTINF U create FIwadwin lasnnsad1aoouvn luTenFueaszir i
.: a g
INABBUIA TU C++ AU
A P o ° Ve L4 =3
1H8IN15150N0O VI “new  Agent/MyAgentOTCL” 3211 duduauToUIIN
¥ J =l « oy Ao 9
MyAgent gnar313diu Taviineuinesdaninlondueala
dmsumsuunwesuidaniiudusnn c++ lUdaTeRdueasnmldlau
w | a & @ =1 A Y
foonalugli 13 Fudunsuundansluseudnnara® my varl uaz my var2 iy
o o [ o o . ] =
my varl OTCL uaz my var2 OTCL auaAy TaoruAandu bind() Fuduoavenlitinig
o o 1 av
nuwedansuae 1
bind(): rcal or integer variables
bind_Time(): Time variable
bind_bw(): bandwidth variable

bind_bool(): boolean variable

class MyAgent : public Agent (
pudlic:
MyAgent () ;
protected:
int command (int argc, const char*const?® argv):
privace:
int my varl:
double my var2;
void MyPrivFunc (void) ;

static class MyAgentClass : public TclClass (
public:
MyAgentClass () : TclClass ("Agent/MyAgentOtcl™) ()
TclObject* create (int, const char*consc?*)
return(new MyAgent()):
}
} class_my agent:

" (Y ]
U 0.12 MILUNAIIABDUIIA MyAgent 11UDBLIIA Agent/MyAgentOTCL
yAg g
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MyAgent: :MyAgent () : Agent (PT_UDP) (
bind("my varl otcl"”, &my varl):
bind("my_var2 otcl"”, &my var2);

U7 013 uaaansuuwaanlsvoa Tendguea lds c+

' d o - ° i [l o o
MSUNHTEN N UNFOA (Method) vosnmaoowidnlu c++ nulefdusani1d laviiudanau
P v @ oA & 4 v o a
%9 command() fauanaludlovran n.14 FaezmulanTenTueaa1u15050NNTOAVDS
d 8
POUIIA C++ 1A1TY
sct myAgent [new Agent MyAgentOTCL]

$myAgent call-my-priv-func

int MyAgent::command (int argc, const char®*const® argv) (
if (argc == 2) {
if (strcmp (argv([1l), "call-my-priv-func”) == 0) ¢
MyPrivFunc () ;
return{TCL_OK):
}

¥
return{(Agent: :command {(argc, argv)):

U n1d ugasmsuunsoaves Tefiduoalilis C++

manumiidann c++ ludaTefRGusammisoiilddadediagiii nis Wlumsdaaas

[ ) a o a
1IN C++ "lﬂuﬂaﬂfmmaaummwsmai

void MyAgent: :MyPrivFunc (void) (

Tclg tcl = Tcl::instance():

tcl.eval ("puts \"Message From MyPrivFunc\""):
tcl.evalf ("puts \" my varl = 5d\"", my varl):
tcl.evalf ("puts \" my:varz = 3£\"", my_var2):

JUR n.15 namamsuundenin c++ ldalenduea

o = o = b a o
mndmagouansla leNFeaninmsuunaivanila
set myAgent [new Agent/MyAgentOTCL]
$myAgent set my varl OTCL 2

$myAgent set my var2 OTCL 3.14
vz Idednaidiu
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Message From MyPrivFunc
my_varl =2

my var2 = 3.140000

®  Sinnzvikan 1d01nn39109M 3119 (Trace File Analysis)

(Y o o % =] ' o
NANINNITVIADINIININUNGY (Trace File) ilﬁlﬂ'l!‘i’l’ﬂi;l.ﬁi$H’J1Qﬂ']‘i‘n‘!ﬁﬂdﬂ'li
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#1 0.3 Arednagudeya IP NezAoR oM eN N1 A e [%d:%d %d:%d %d %d]” 2
1o
(r. d, e, +, -) %o %d %d %s %d %s %d %d.%d %d.%d %d Y%d ------- [%d:%d %d:%d %d %d]

dmdupluuuveunieviolimoszidiudanisian n.2 nazdoyanmaindeounvosInuany

wasnuwe Inuaszuludmsed 0.3 uaz n.4 audsy

1 ¢ ¥ o o w A
19149 0.1 uaﬂagﬂuuwmvlﬂams“wamwmnwm_gmn"lﬂﬁmmm‘iamumu

a1 4 w 1 a v P ad
DIIUN Ao || ¥UATDYA Yoy aniny
%g Yod %d %s %od %s %d %d.%d %d.%d %d %d
double Time
int Source Node
int Destination Node
r:Receive :
string Packet Name
d:Drop
int Packet Size
Normal Event |le:Error
iEhgaene string Flags
-:Dequeue int Flow 1D
[
int Source Address
int Destination Address
int Sequence Number
int Unique Packet ID
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- r'd @ 1 a g 3 = d
2L1IUN 121i] BUAVDUD Voyaninl
%.9f %d (0/06.2{(5/06.2D %3s %ds %d %s %d [%x %x %ox %x]
%.9f %d_ %3s %ds %d %s %d [Yox Yox Yox %x]
double Time
int Node ID
double X Coordinate (If Logging Position)
double Y Coordinate (If Logging Position)
s:Send i
string Trace Name
r:Reccive
Wireless Event string Reason
d:Drop
EForward int Event Identifier
string Packet Type
int Packet Size
hexadecimal Timc To Send Data
hexadecimal Destination MAC Address
hexadecimal Source MAC Address
hexadecimal Type (ARP, IP)
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a o a v W ad
DLIUN ‘vumaga 'um;,amn‘u
------- [%os %d/%d %d/%d]
string Request or Reply
int Source MAC Address
ARP Trace
int Source Address
int Destination MAC Address
int Destination Address
J
IP Trace || === [%6d:%d Yod:%d %d %d]




113

int Source IP Address
int Source Port Number
int Destination IP Address
int Destination Port Number
int TTL Value
int Next Hop Address, If Any
[%ed %d] %d %d
int Sequence Number
TCP Trace int Acknowledgment Number
int Number Of Times Packet Was Forwarded
int Optimal Number Of Forwards
[%6d] %d Yed
int Sequence Number
CBR Trace
int Number Of Times Packet Was Forwarded
int Optimal Number Of Forwards
[%%c Y%c Yoc 0x%04x]
char Acknowledgment Flag
IMEP Trace char Hello Flag
char Object Flag
hexadecimal Length

P A = ' o v
M3an 0.4 uaasgluuumsslunmsndouiivazamasnuvesInualiaw

=t o
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a ¥ v - d
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Mobile Node Movement

%.5f %d (%.2f, %.2f, %.21), (%.2f, %.21), %.2f

double Time
int Address (Node ID?)
double X Coordinate

double Y Coordinate
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double Z Coordinate
double Destination X Coordinate
double Destination Y Coordinate
double Movement Speed
-t %f -n %d -e %f
double Time
Mobile Node Energy
int Address (Node 1D?7)
double Energy
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Performance Improvement of Associativity-Based
Routing Protocol for Mobile Ad Hoc Networks

Manocon KUMMAKASIKIT, Sakchai THIPCHAKSURAT and Rutukorn VARAKULSIRIPUNTH
Faculty of Engmeenng and Research Center for Communications and Information Technology (ReCCIT)
King Mongkut's Institute of Technology Ladkrabang,

Chalongkrung Rood, Ladkrabang, Bangkok, Thailand 10520
c-mail | joesk2Ma78G:a vahoo com. [kisakcha, kvrutuk ja@kmitlac.th

Abstraci—Ad hoc nerwork is a set of mobile nodes that cach
mobile host s able to move freely and the perwork is
unpredictable  topologies transformation. Therefore, the
semrching for ftransmission path becomes difficult  and
complicated. Because each mobile bost in ad hoc network acts as
a switching node that routes and forward packets to ifs
neighboring mobile bosts (or nodes), hop by bop. or multi-hop.
Unlike the conventionnl mobile wircless networks that all nodes
must communicate via the base-station as single-hop. Many
proposed routing protocols have been developed for ad hoc
network in order to maxvimize the benefit of bandwidth und
network utilization. The Axsocintivity-Bused Routing (ABR) ix an
effective routing protocol that becomes inferested. Thus, in this
paper, we proposed the modificution und improvement of ABR
protocol by including the positon information of mobile hosrs
into its wlgorithm. This approach can reduce routing overhead of
route  discovery process and  incrense  more  beneficinl
performance for mobile ad hoc networks

Keywords—ABR. Ad Hoc Network. MABR. GI'S

L INTRODUCTION

In mobile ad hoe networks (MANET), each mobile host
can move freely around the arca of the network. All mobile
hosts are connected each  other by the radio range
Communication between mobtle hosts 15 performed directly
via the selected path The path or route is a sequence of mobile
hosts in the network that forward packets 1o the destination
hop by hop without passing fo the base-station

Many routing algorithms for ad hoc networks have been
proposed wilh the dilferent idea in the elassification of source-
initiated on-demand routing protocol such as Associativity-
Based Routng (ABR) [1], Position-Aided Rounng (1LAR) [2].
Dynamic Source Routing (DSR) [3] and Ad hoe On-Demand
Distance Vector (AODV) routng [4] Most of them attempted
o improve and ulilize the networks performance appropriate
to the desaired environments and limited radio bandwadil

We have chosen ABR as a case study. This 15 because
ABR focuses on the link stability and has fewer route-
reconstructions that can reduce some fractions of routing
overhead. Associntivity-ticks are parformed 1o express the
stability of ks by means of beaconing. Beacon messapes are
penodically sent to the neighbor to inform the hink stabibiry
between node nself and neighbors As an example in Fig |,

0-7803-9282-5/05/$20 00 ©2005 IEEE

each node peniodically sends beacon imessages 1o the
neighbors and receives beacon messages 1o keep track the
connecuvity between node itsell’ and neighbors. The received
beacon messages are stored in associativity-table  called
associativity-tick. As demonstrated in Fig 2, when M2 (MH:
Mobile Host) moves out from radio range of MHI,
associativity-lick inside the table of M1l and MIL2 are reset.
This stability information 1s included in route request message
and sent outl 10 all nodes 1.¢., mobile hosts, 1n the network
Anv intamediate node that received this message will nsert
its ID and associativity-tick with the neighbors to the route
request messuge. When the messages amved at  the
destination. the destination will select a suitable route from a
set of many routes that route request messages have passed.
The associativity-tick informaton that was inserted into route
request message by intermediate nodes is used as a stability of
ench route’s selection algorithm at the destination After a

route 1s selected, destination sends reply message back to the

sender via the selected path. The duration of finding a route is
culled route request-reply process.

When route request messages are broadeasted to the enture
network in the route discovery processes, all reachable nodes
must forward recenved route request message 1o find a route,
although they ore handling for data packets [rom the diflerent
routes. When a node has higha mobality, and/or more data
raffic, probability of dropping the data packets is increased
because of waiting for a route and/or waiting for the mediun
to be idle.

Where all nodes share the mediwn in the overlapped
wransmission ranges These problems brought us 1o an idea of
applving  posiion mlformation of mobile hosts in routing
algorithm that proposed 1n LAR

In the first stage of route discovery process, firstly LAR
computes two regions called expected zone and request zone,
where expected zone 15 an expected area that has the
destination: node, and request zone is an arca that the route
request anessages are broadeasted and should include un
expected zone LAR trnied to himits the searching of route
request message by incans of request zone. All route request
messages are only broadcasted in this area If any nodes
outside of the request zone get the roule request messages, the
imessages will be dropped. LAR algorithm has been also im-
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Figure 1.

Example of sssoviativity-tick operation
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Figure 2 Associativity-tick when M112 mos es oul from radio range of M1

plemented an the DSR protocol such that all 1Ds of node in
request message are a set of all nodes that was Kept while the
request message passed 1o the nodes This information will be
future usad for selecting o route. When roule request inessape
reached at the destmation, the shortest path or path with
shortest delay will be selected as a route During the route
discovery process. some posthon parumelers are used for
request zone and expected zone compulations. A hittle
increasing of overhead due to posiion imformation s
performed comnpares (o routing overhead due to broadeasting
roule request messages

Thus us papa we consdered e itegration of
advantages of ABR and other mentioned routng protocols by
modilyimg them. The objective 15 10 opuimize some bandwidih
utilization used by routing agent and to nununaze the mereased
overhead oceurs when position information is performed  Our
approach is "Meodified Associativaty-Based Routing (MADBR)
protocol

1. MABR PrOTOCOL

Une assumplion of LAR 1s that all nodes known its current
posihions. by getting the mformation from well-known device,
Le, Global Positionmng System (GPS). I the approxumate
speed of the desired ad hoe networks is 1, when source node §
wants to communicates with destination node 2 ot ime ¢, and
node § knows the position of node £ in the network at time-
stamp f, Then the displacement of the desunation node D
(within the radius of an expected zone) 15 R=I%ftpto).
Tharefore. the expected zone at ume #5315 a circular regaon that

node D s the center pont as shown m Fig 3 For the request
zone, LAR proposed two schemes of routing broadcasting
decision Scheme (1) depends on the shape of selected area (call
“LAR-box™) and scheme (I1) depends on the distance (call
“LAR-step) between each intermediate node and  expected
sone. [ LAR-step does not cover 1o the destination, messages
will be droppad. For MABR we selected scheme (1) as a
rectangular shape as shown in Fig 4

In MABR, the additional “Positon Information Tables”
(PIT) are included 1in each node. The table 1s updated all others
nodes position information by leaming from the position
mformation included in the message passed through this node.
Two parometers ie, nodes positions and position’s time-
stamps are inserted 1 routing messages for using to determine
the expected zone and request zone In a route discovery
process. the posilions of source and destination nodes. and
position’s time-stamps are added to the route request message
so that any intermediate nodes that received these route
request messages will update the position information of
source and destination in its PIT. After destination node has
selected a route. it sends the reply message with position and
tumestamp of the destination node o source node. Any
intermediate nodes that received the route request messages or
reply messages will update its PIT for future use as described
n the following algonthin

Figure 1

Expected zone

Request zone

 Width=2R

Figure 4. Drusdcasting ares of roule request message when source node i

wvutside of the expectad zone
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A, Dermediate node:

Following 15 an algonthm whieh mtermediate node will
update PIT whan 1t recerved a route discovery message or reply
message in the duration of route request-reply

Algorithm for Intermedinte Node

i mtermediate node | gets route request message
if posinon mformaton 1s available in message

e Update souwrce and  destinaion  positions
umestamps o its PIT il avalable in the message

with

*  Compute expected zone and request zone by using
source-destination positions and timestamps,

e Get position itself
1f position node |15 m request zone. Then
e Rcbroadeast route raquest message
else
*  Drop message
end if
el
¢ Ruebroadeast roule request message
end if
elve if intermediate node T gets reply message
i posiion information s available in message
¢ Update destmation position with imestamp to its PIT.
cad it
/115 node s 112 1s one of a reply route
o Make vahid moute and insert to route cache

¢ Forward reply message backward 1o upper-stream node
referred from a reply route

else
o Drop message
endif

end f

*  Lookup destmation position w PIT
of destination position in PIT 1s empty and 8 wants to run
onginal ABR

¢ Droadeast roule request message by using normal
Mlooding mode

else 1f destination position i PIT 1s not anpty. run MABR

¢ Include s posibon and lunestamp W route
request message

*  Broadeast route request inessage insde request
zone.

else

e Include 1ts position, destination posiion and
Lunestanps in roule request inessage

*  Broadeast route request message insde request
zone.

endif
end if

C. Destinatton Node:

Whan the detination node recenves the route discovery
messages. It will collect all path information and select only
one route and reply the message back to the source via selected
path

Algorithm for Destination Node

B. Source Node:

When source node S wants 1o cominumeate with
destination nade 1Y, Firstly, node S choecks whetha does it has
the destunation posiion, f yes. sl includes this position
informanon of node 1), position of itself and both nmestamps
10 the route request message.

if destnation node D recerved the route request message
if position information 1s available in message
¢ Updale sowce  and  destinalion  pusitions
tmestamps in its PIT

witls

»  Collect/Sclect a
algerithm.

routc by usmg route  selection

+  Include posiion and mestamp itsell i repiv message

e Send reply message back 1o the source via selected

path

else

s Collect/Select o route by usmg route  selection
algonthm

*  Send reply message back to the source via selected
path

end if

ened 1f

Algorithm for Source Node

1f source nide S wants to communicate with destination node D

In the duration ol request-reply. if route request message
has included the posttion information. then the destination
node will update its PIT betore handles the route request
messages and uses the route sclection algonthm similar to
AlIR protocol The destination nade only includes its current
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Figure 3. DBroadeasting arca of route requeat message when sowrce node s

wnande of the expected sone

time and position mto the reply message if the route request
messages has posihon mformation and sends reply back to the
source node via selected path

I KNOWLEDGE EXTRACTION

In case of position information 15 vay up-to-date, expected
zone and request zone will be bounded as the very small arca
For example, when nme 1;=101 node S wants to communicate
with node /2 when node S knows that nede 1D 1s at the position
(100.200) at tme =100 Here assume that the transmission
speed in ad hoe network 17= 10 0m/s, and radius of expecled
zone 18 only R=IXf1,-t, = 10m, then the width of request zone
which equal to the dimeter of the expected zone 1s 2x10=20m
Thus, we can define some appropnate constant value to be u
minimum default value of the expected zone’s radius

In reverse case that if the postion mformatien 1s very old,
the request zone will be very large Then MADBR acts as nonnal
Nooding mode that s, entue ndwork able to broadeast route
1 mesxages  In the simulayen, we fiwmd that 1 we
selected the minunum of defoull radios constant of expected
zone o small, it will result i reduction of route scarching
protubality, und vice versa But af we selected b8 o hagh thas
will inerense more rowting overhead

F Smareation Moore

For the sumpheity, we assumed that all posiion mforimation
hasan emod free Fhe simulation medel and implemented coxde
were based vn ns-2 [3] w = wireless extensions of CMU
project 6] 1 B02 11 standard  with  the  Drstnbuted
Coordination Function (DCF) was introduced in MAC layer
The radio model was commeraial radio interface (Wavel.an
[9)) with bit-rate of 2Mb/s and radio range of 230 meters The
capacity of intaface queve was 64 packets Thae wae 20
CBR (Constant Bit-Rate) traffic sources with sending rate of 4
packets’s. where each packet sze was 04 bytes Mobility
model was random waypomt model with 50 nodes and all
nodes were able o move around with in the area of
1000x 1000m2. We had used “muobgen™ [6] generator nstead of
“setdest™ to generate many ditferent mobihity scenario for the
tesk Speeds ol mobile node were 0, 5, 10, 15, 20. 25 and 30m/s
with pause ime of 3s before migration again. In our test we ran
multiple imes of 1800s in the natwork model time

V. SIMULATION RESULTS
Overhead of control message 1s a parameter that expresses
the utlizauon of bandwidth When all nodes are statonary.
some of route discoveries are performad and about 10 Kb/s of
overhead are constantly consumed by beacon messages that are

sent periodically

TABLEL SIMULATION PARAMETERS
Mlobile Flust 0
Ares 1000x 1000 m”
Moving patiern Raudom wavpoint
Speed 030 m s
Simulation ine 1.800 ».
Tnicrface Queue 64 packels
CHR connections 20 pairs
Packel size 64 bytes
CHR sending rate 4 packeta s
Pause ime EEY
Link Bandwidith 2\ Thpe
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When all nodes start moving, the route discovery processes
are oflen nvoked due to hink fwlure Also many of route
discovery processes generale more request messages o the
network. While the protocols are rumuing m the venn high
speed of mobility and most of the packets i the network are
request messages. which are pencrated by route discovery
processes The result in Fig 6 demonstrated that the reguest
zone . MABR reduced some overhead bandwadih when
mobility was increasing. And the overall overhead of MABR
1s lower than ABR

We evaluated the average end-to-end delay of dala
packets as shown in Fig. 7. When all nodes were sationary,
only some ol route discovery processes were performed.
MABR has shown the lower end-to-end delavs than ABR
This 1s because the stability of the route in MABR 15 less than
ABR und the additional control overhead from position and
timestamp information are included m the route request
messages of MABR. When nodes start moving, the sunulation
result shows that ABR has lurger end-to-end delavs, due to
higher control overhead and queuing delay We observed that
the congestion of control messages and data messages in ABR
are increased Juring all nodes are moving with high speed.
This 1s because the route discovery processes of ABR tned to
broadcast the route request messages to entire of the network
But MABR has hmited an arca of broadcastmg route request
messages, thus the congestion problem was reduced

VI Concrusion

Mobile Ad Hoc network (MANET), 15 dilferent [rom
nomal wircless network because 1t can be appliad 10 many
situations without the cenbialized stalions und adnunistrator
However, the main provlems of MANET are route searching
and maxunizing the vtlizatuon of the limited radio bandwidih
Many proposed routing protocols ke, ABR, LAR, DSR and
ACDY are the examples of routing protocols. Most of them are
based on the classification of on demand routing and source-
initiate routing protocol. which a route is scarched whenever
the source nevds a roule

In this paper. we proposed “Modified Associativity-Based
Routing”™ (MADBR) protecol wiile the apphication of position
information of mobie hosts The MABR altempts o reduce

20

overheud Irachons m the network by Lhimiting the area for
sending the route request message in the route  discovery
processes. We have shown that MABR provided the better
performance mn the terms of overhead and end-to-end delay
comparing with the irmditional ABR protocol
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Abstract

We propuse rthe performance improvement of

Associatvity-Based  Rowting  LIBR)  protocol by
considering the position of nodes in ad-hoc wireless
networks. In our proposed protocol, the roule discovery
message is senl lo the expected group of mobile host as

the result, the overhewd can be reduced. In this paper. we

proposed onr protocol called  Muodified  Axsociativity-
Based  Rowting  (MABR) protocol. We evaluate  the
performance of MABR comparing with ABR protocol by
means of the simulation. The resuliz show that MABR
protocol provides higher data packet delivery fraction

and lower delay than those of 1BK protocol.
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Reply sziludanhli

- Compute expected zone and request zone by
source, destination positions and timestamps
- Giet pusition itself
If position node I is in request zone. Then
o Rcbroadeast route request message
Lise
o Drop packet
End If.
Else
o Rebroadeast route request message
End If
Eise If intermediate node 1 gets reply message. Then
If location information available in packet. Then
- Update destination position with timestamp
10 its location information table
End If
If ts node’s 1D is one of a reply route. Then
o Make valid roure to route cache.
oForward reply packet backward to
upper-stream node referred from a
reply route.
Else
o Drop packet
End If
End if

Algorithm for Source Node

Algorithm for Intermediate Node

If sourcc node S wants to
destination node 1), Then
- Lookup destination  position in
information table
If destination position is empty and want 10 run
the original ABR. Then
o Broadcast route request message uses
normal flooding mode
Llse If destination position is empty, try MABR
Then
o Inciude its position and timestamp to
route reguest message
o Broadcast route reguest message uses
request zone

communicates  to

location

o Include it
position, and
request message

o Droadcast route request message uses
request zone

destination
10 route

position.
limestamps

End If
End If

If intermediate node T gets route reguest message
Then
If location infornmation available in packet. Then
- Update source and destination positions with
timestamps to its location information table if
available in the packet

Algorithm for Destination Node

If destination node D gets the route reguest messages.
Then
If location information available in packet. Then
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- Update source and destination positions with
tmestamps o its location information table

- Select  a  route

uses  route  selection

algorithm(ABR. selection algoritlun)
- Add position and tmestamp uscll to reply

packet

- Send reply packer back to the source using

sclected path
Else

- Select aroute uses route selection algorithun
- Send reply packet back to the source using

sclected path
End If
End If

4. madraeamaiinuvesi)ilaneaidmeiiond

.
a1 1n0:mi 1N 1818 Nework Simulator

version 2. 1b% unz 2.27 (N8-2) (3] Taohinoanmimhinu

TiliTanoaidwiniion] (MABR) Houfoiinid (ABR)

4.1 amaznadenluniimagey

ammadoun ¥ lumsinoimshiaouldima

1Ny

m11al 1 mulmo s lunyaniaoinason

i Tnludload

50

]
nun

1000*1000 A13131IUAT

~

ANHEMIIAADUR

Unitorm distnbution

ndvosTuludTand

0 — 30 waraniu

amriinamahing 1800 11
niANuHiEIIMm 64 1MAINT
(Intertace Queue)
Huaudoyananny 004
VIALHAIND ahi

ERRTIRY] ﬂ’l\:?jqﬂ“ﬂliﬂl]

Junaineaaiuin

1IATHYARN(pause time)

55um

o= o
HWUUATIIVO IATNY W

2 Autinaodum

dmiuplmandouivosTuludTand i
4 & P B
Julaoly ivoummiand mobgen|4] 19031804013
infounivoanioviv Taumiruliaofidsiswiga

nondluanuTnsalondian (Control Overhead) W70

1J?u1m'i'ngn1unmfunndunnunzamﬁ (Averige
End-to-End Delay) Rinaninari fu-dadoyananou
4.2 H201AN1381283M137 13TV

VINHANTS hnnmuﬁu\u'lup]’?i s umaalifiiium
ol luaTaadngaii biiinnnfoud n13fum

iunngnifunlfifisa¥raiuduvoamaidiouso

Dots Packat Detiwary Frachon (%]
o 88 B 8 M 833 8E

peesimg
1A 6: Packet Dalivary Fraction (PDF)

-

% ) - A P -
oI lualaadaisa hiimanAoun adoinin
nmndourerznialulnd Taadnoudiags madum
idunnoivszniziuivind udvy nidaiinifuds
doynananouiiuialisadu sztuidan poF iin
Infifive 100% fonawannsolunsiudsWoynaid
waouiluhldnoan iy ualeTuludlaading

an aa o a 4
mAnuidenud i qaiu M PDE Avzaaauiininin
muatoufim Ifidunninidadoymdunoiovuin
. 3
Duotilidnadunrznaumsfnoiduna hinivoonia

. a :

tanudwoalutudTaad uavdeziad malilulud
Toaddan 1 lumisaouauosnonsdusndunis
) - d .
WD IIINMIsIRLANYD I N AS I RIRAT UAY
o4 - d- A
iduma mwanud o TuludTand nuudisdiumin
Apn 19 h lumsfunudunud mabidnaina dawoya
. p . .
mdniuaan uaznvinTuludlanddnmanauninn
wmaamifoaniduni M TuludTaad i 1Eivma

Fs) 4 P S
iniAnangamIdomiatoynihidiRnfAvogFIn11)
doyaniditanisgnataussninmamduniimias

" ©a .
JoyalminToasuauoadanisfunndunig

[NCSEC 2005

Computer Networks D 28

www.utce ac.WncsecZOOS)

131



ﬂmi’mﬁumﬁnﬁﬁnuhﬁnnnrfuundunnmnq‘ud
4.7 ; - 4
Tununmidmommaanmiafoavoiduniamniu wai
& i e 4
T o wiemumidanniivdswoyauniniuldgs
-
nafizuin 5%

oas

o L] w0 " o » »

weedimiyg
WA 7: Average End-1o-End delay

- oA P |
sioTuludTaaduyaiisfinamd uduqud dailuans
- . 4 a Pow
Tugili 7 Anndgdindlumadadnyanaaonyng
. A ed
TilaTananindinifunzTili Tannainiiniffin 14
Uity fidindindiaaiu dnifo 'l TandiTuil
4 - - &
munRouigisnmiringaiu Hiuauduns
5 ) s P
iwannumdsmvseiuanunnuiveTuludlead
.
TaTnanaWuoiiorfuaziduniorffoaiinmafum
idunalubognaoacaufonannuduniniu
4 4 e 4 d PR
tnmnidinTuTndTaadinSauifonnudiindu
mhitinwdoyanisfosvadumiiianghaniovio
2 . P
wuvumunnnTluninnfnui flinnuane
lumiidsdoyananounaaaidnannuudisgnlihl
‘ v vy A
iwonisonazfunndumanidno Wiifadiadi
d 4 s . Lo
TanudaTon 1A 0 Quening  delay waAsvinfn14
Uiuda T Tanomdueformyhaunsoszandind
s g A A A v

Yunmisasdoyananoylduniuia 0% iloogh

Aty 30 waian iR

s.apl

o o 4
mdvsiim dimuoiimanadumudumaio W

= - a . ool
lszdnningavy Taohidoyadwomivoa Tulud

Tenaumvsanlimlpa Tl Tanoafunuduniani
D\S(Lv\ssmmtn'ny[iascd Routing. ABR)[1] ludiuvos
nisdunuduma dioaninnszyunydumudunialu
: z
iofinfssiinndavoynifefosveidumaoonTiia
i - ek o
inFoviw M TuludlaadvanualuinTevion hill
AnuhsIfnafuidunis foanganiaiinuunz
. r - v o~ I
noununnomaemifoavoiduni milmidalonol
ay i o J 5 5
pauazdindigavunaziiliiuudislunisfuds
. I e
Joynamaa i uienitminininauoiin Tuilanoa
Aunudumuduioiiond (Modified Associativity-Based
Routing, MABR)
ninHanifianamnhian mmunTusTanen
o ~ ¢ - . :
Sunudumadueinimuiamudanmadivoyn
a 3 s P
Wgavuuaziii@indlumifuddfoyaaanuiiodioy

fMihislansafumudununiind

6. 1BNA1381383

1] C.-K. Toh, “Associabvity-Based Routing For Ad Tloc
Mobile Nemworks,” Wircless Perl. Comnwn. J,
Specil Issue on Mobde Networking and Computing
Systems, Kluwer Aeademuc. vol. 4, no. 2. Mar, 1997,
pp.103-39

12] Y.-B. Ko and N.H. Vaulya, "Location-Asded Routing
in Mobile Ad Hoe Networks” Tech. Rep. 98-012. CS
Dept., Texas A&M University, June 1998,

3] The Network Simulator ns-2. avalable online at
hiipz www.siedu nsnam ny

|4] T. Camp. J. Boleng. and V. Davies, A Survev of
Mobiluty Mudels for Ad Hoc Network Research,
Wireless Communication & Mobile  Compuling
(WCMC):  Special issue on Mohile Ad Hoc

Networking: Rescarch, Trends and Applicatnons, vol,

2.n0. 5, pp. 483-502, 2002

(NCSEC 2005

Computer Networks D 29

www.utcc ac thfncsac20£)



133

‘1J wa Y A
ISINNVYH
o aa = § o A o A o a - |
WYy ANNanY iAo U 4 weAIniouw w.i.2522 ATandaniwys duie
a aa ) o a a o a

misAnum)Syg1asirnssumansiudia awimnisy Idvhaounaumes s1nmaian
a = o s = Vv G =
etanssu I ansgdmanssuemans aoiiuma Tuladnszveunaia wizuasimile lul
mfAnu 2544 nazidhdnuae luszaulSy In ndngasimnssumaasumidudia au
a a o a a a o a o LY =
FAINTIUADUNAABST NINTHIAINTTUABNNUADS AMEIAINTIUM AR an1umaluTad
wizvewndudinunmsaianszs ludmsine 2545 Ganwaulednunievin1ime uag

a oo a L4
sruvluanisayny



