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1.3 Structure of this thesis
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3. Proposal Technique
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4. Performance Evaluation

4.1 Protocol Testbed
IBM ThinkPad 8 0S Red Hat Linux 9(kernel

version 2.4.20) LAN IEEE802.11b
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ad hoc ,ad hoc demo (2.4.4 )}
IBSS Ad hoc mode Lucent Orinoco LAN v6.06
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Encryption key:3631-3431-33

4.1.1 iwconfig
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Ad hoc demo mode
4.1.2 Ad

hoc demo mode Cell 00:00:00:00:00:00

[fool# iwpriv ethO set _prot3 1 Ad hoc demo mode

Ifool# iwpriv ethO set prot3 0 IBSS Ad hoc mode
4.1.2 Ad hoc mode

IEEE802.11b 11Mbps
(2.4.5 ) 2Mbps
4.1.1
4.1.1
IBM Thinkpad A2lex 4 A22ex 4
CPU Intel Celeron 700MHz(A21e) 800MHz(A22¢)
Memory 256MB(A21e), 128MB(A22¢)
0S Red Hat Linux 9 (Kernel 2.4.20)
LAN BUFFALO WLI1-PC-11G (IEEE802.11b )
Ad hoc “demo” mode
Channel 1 (2.412GHz)
RTS/CTS
2Mbps
WEP
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4.2 Performance Evaluation
Kernel AODV
2 3

4.2.1 MAC

°u°

Ping

4.2.1 MAC

4.2.1 1 512byte 10packets/s(40kbps)

Hello

47

HELLO_INTERVALS(1sec) * ALLOWED

_HELLO LOSSES(3 )=3sec
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Average Recovery Time (sec)

AODV Proposal

4.2.2

4.2.3
(7) -
4 <3% 2)
4.2.3 ; 3 6 3 4
4.2.3 1 8 30 TCP
netperft[29] 4.2 .4
4.2.5 4.2.5 Okbps

349kbps AODV 1.2
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400
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Average throughput (kbps)

a1
o
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AODV

4.2.4

HELLO

Proposal

AODV

1 2,3
1 4,5
1 AODV 4,5
HELLO

AODV
AODV

N N W W b
o o1 O o1 O
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H
o1 o

JAODV
Proposal

|

H
#
/.

Throughput Distribution(%)
H
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4._.2_3 Demonstration of Live

Logitech QuickCam Pro 4000

AODV

AODV

AODV

4.2.6

320*240pixels,
RealPlayer

50

RealVideo
15fps
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5. Conclusion

5.1 Conclusion
1 MANET

2

4 AODV
PC
AODV

5.2 Future Work

(SNR)
MAC
SNR

MDC(Multiple Description Coding)[31]
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A. Kernel AODV

A. Kernel AODV Flowchart
2.3 Kernel AODV

A_.1 Kernel Module Functions
@modulle.c

init module
input_filter NF_IP_.PRE_ROUTING
hook input_handler
output_filter NF_IP_ LOCAL_ OUT
hook output_handler
forward_filter NF_IP_FORWARD
hook output_handler
‘ monitor ‘
\ AODV init \

v

‘ startup_aodv() ‘

56

nf registar_hook

&output_filter

nf registar_hook

&input_filter

nf registar_hook &forward_filter

NO (GOTO)

‘ timer ‘
v

‘ return 0 (OK) ‘

A

return 1 (hook_failed) ‘
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@packet_in.c

input_handler . hooknum, sk _buff, net netfilter
\ iphdr *ip *skb ipheader \
\ udphdr *hdr  *ip+ip->ihl \
‘ ethhdr *mac  *skb etherheader ‘

*skb->h.uh != NULL ?

r->dest AODV

&& mac->h_proto ether ?

NO

57

YES v
\ packet_in() \ \ NF_ACCEPT
packet_in cinput_handler AODV
\ IP UDP \
‘ iphdr* ip packet IP ‘

4
erated_broadcast_ip NF_DROP
daddr find_route_table_entry()

host_unr
[
v
‘ AODV aodv_type ‘
check_packet() no

v

saddr find_route_table_entry() ‘ ‘ NF_DROP
ves no
[

‘ insert_event_queue_entry(aodv_type packet) ‘

NF_ACCEPT
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A.2 AODV Event Functions
@event_queue.c

insert_event_queue_entry
event queue dev data

event_queue_entry*
kmalloc()

new_entry
?

A

58

‘ new_entry current time, AODV type, ‘ -ENOMEM
no
type<100 ?
‘ new_entry saddr, daddr, ttl, dev, size ‘

no

new_entry->data kmalloc()

A

memcpy() kfree(new_entry), -ENOMEM

@
EVENT_RREP default

memcpy()

lock_event()

new_entry->next event_queue ‘

A

‘ new_entry end_event ‘ new_entry prev

event_queue == NULL ?

yes

unlock_event(

kick_aodv() AODYV thread
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@aodv_therad.c

aodv() :loop sleep

‘ event_queue_entry* working_event ‘

‘ waitqueue_head initalize/thread ‘

‘ aodv_wait sleep ‘

working_event->type ?
[

EVENTRRE EVENF-RREP EVENT-RRERACK EVENF-RERR EVENT-GLEANUP default
‘ recv_rreq(working_event) ‘ ‘recv_rrep_ack(wurkmg_event)‘ ‘ find_inactive_route_table_entries() ‘
‘ kfree(working_event->data) ‘ ‘ kfree(working_event->data) ‘ ‘ delete_old_flood_id_queue_entries() ‘
v v
‘ recv_rrep(working_event) ‘ ‘ recv_rerr(working_event) ‘
‘ kfree(working_event->data) ‘ ‘ kfree(working_event->data) ‘
| |

‘ kfree(working_event) ‘

‘ atomic_set(aodv_is_dead) ‘

startup_aodv() caodv()
kill_aodv() caodv() wait

kick_aodv() caodv() wakeup
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A_3 AODV Route Discovery Functions

-Process of Route Discovery

source

intermediate

destination

ip->daddr
route  ?

flood id queue insert

flooding timer

data packet &&

‘orward 2

local_broadcast

4
‘ host_unr()

gen_rreq()

I
I
[pecket NFQUEVE ] |
/

N e =

4

aodv()

NF_ACCEPT

—— —
input_handler()

{»{ (forward) route table ‘ }

recv_rrep()

I
I
I
I
| <
I
\

RREQ packet &&
everse

yes
(reverse)route->lifetime

kick_aodv()

2

aodv_is_dead

aodv()

event_queue()

packet_in()

NF_ACCEPT «

| S e ————

input_handler()

flood id queue/

yes

EVENT RREQ

(reverse) route table

RREQ dst !
valid route

—— e —————— — —— — — —— — — — — — — — — — — — —— — —

aodv _is_dead

aodv()

60

NF_ACCEPT

—— e e ——

I
I
I
I
| <
I
\

input_handler()

flood id queue/
(reverse) route table

RREQ dst |I
valid route

st

yes

recv_rreq()

dst.ip ==
interface_ip ?

yes

gen_rrep()
local_broadcast
recv_rreq()
ﬁ‘ (forward) route table
EVENT RREP

rrep->src_ip
&& (rrep->src_ip != dst_ip

yes

(forward)route->lifetime

send_message()

‘ recv_rrep()

send_| ne: agr:\)

gen_rrep()
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@rreqg-c

recv_rreq() :RREQ

return -ENODEV

RREQ flooding ID ? no

yes v
‘ return 0 ‘

(reverse route)entry &&

entry->next_hop src

yes | return -EHOSTDOWN |

‘ flooding id queue insert ‘

.

‘ (reverse)route_entry update ‘

RREQ dst |}
valid route

dst ?

RREQ
rreq->seq

RREQ d
interface rreq->dst ip

RREQ
rreq->seq

yes
no ‘ entry->dst_seq rreq->dst_seq+l ‘
4
gen_rrep() }—»{ return 0 \
yes ‘
> ttl<=12 »  return -ETIMEOUT |

yes ‘ return ~-ENOMEM

no

working_rreq->dst_seq working_rreq->dst_seq

vy

61

working_rreq->dst_seq ‘ ‘ entry->dst_seq

‘ Iocal_broZ\dcast() ‘

v

‘ return 0 ‘
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@rrep.c

recv_rrep() cRREP

return 0

recv_hello(), return 0

‘ route_entry update ‘

v

RREQ timer_queue

rrep->src_ip
&& (rrep->src_ip != dst_ip)

yes

‘ precursor_enrtry insert ‘

‘forward route->lifetime ‘

v

‘ send_message() ‘

‘ return 0 ‘

return —-EHOSTUNREACH

no

v

‘ forward interface ‘ ‘ reverse interface ‘

yes

dst
broadcast

&& dst_ip
&& grat_rrep

no

dst
dst_ip==interface_ip

seq, lifetime, hop_count ‘ seq, lifetime, hop_count

| v

‘ precursor_enrtry insert ‘

~

| |
v
send_message() }—»‘ return 0
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A_.3 AODV Route Maintenance Functions
-Process of Route Maintenance

source intermediate » destination

host_unr() .

| ip->daddr ' |

| route  ? I |
I yes | l I
| 0 : [ :

| - - | data packet &&
| flood id queue insert | | orward |
| — ' [ !
I | I no [
| local_broadcast l | I
| | | create_rerrhdr() |
| | [ !
| | | local_broadcast() I
G J 1 or |
output_handler() | send_message() |
|
o —— e ——— | send_rerr()

| \ | |
|

|
|

|
|
| |

|

[

|

|

: packet_in()
: | N NF_ACCEPT «

_____ —— — — —

| : input_handler()
| aodv() |
| DE—

|
| NF_ACCEPT |
\

input_handler()

‘ delete_kernel_route_entry() ‘

new_rerr_created?
yes

local_broadcast()
or
send_message()

send_rerr()

recv_rrer()
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@rerr.c

recv rrer()

' RERR

retum 0

64
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Digjoint Multipath Routing for Mobile Ad Hoc Networks
Kenta TANIYAMA Y usuke SAKURAI Jro KATTO

Graduate School of Science and Engineering, Waseda University
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AODV

AODV Multipath Extension using Source Route Lists

Kenta TANIYAMAT Yusuke SAKURAI' Jiro KATTO'
T Graduate School of Science and Engineering, Waseda University

3-4-1 Ohkubo, Shijuku-ku, Tokyo, 169-8555 Japan
E-mail: 1 {tani_ken, sakurai, katto} @katto.comm.waseda.ac.jp

Abstract This paper proposes an on-demand multipath routing protocol for mobile ad hoc networks. AODV is the widely
studied single path routing protocol. A number of its multipath extension protocols have been proposed to reduce route
discovery latency. We demonstrate that the route establishment using source route lists can reduce unnecessary routing packets
without limitation of the hop count based approaches. We evaluate this proposed method comparing with the other protocols
by using a simulator — ns2 and verify the efficient route establishment.

Keyword Mobile Ad Hoc Network, Multipath Routing, AODV, Source Route
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Abstract We propose an on-demand multipath routing algorithm in a mobile ad hoc network for video transmission and evaluate its
real world performance of video streaming application. There have been a number of multipath routing protocols extended from AODV
which is a well-known single path routing protocol. Multipath routing protocols indicate good performance in the reduction of route
discovery latency and unnecessary routing packets in simulations. We show that the route establishment using source route lists provided by
us [4] can reduce the route discovery latency, select stable routes automatically, and work well for live video streaming without limitation of
the hop count based approaches. We evaluate this proposed method comparing with the origind AODV by using eight laptop PCs and
demonstrate live streaming experiments.
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