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ABSTRACT

Riverbed Modeler, which is a commercial packet-level discrete event simulator is used to model, design, and
simulate complicated communication protocols and large-scale network. Riverbed Modeler got credit for its

reliability in field of network simulation. In the MANET simulation environment using Riverbed Modeler, it is
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very complicated to add a new routing protocol into existing architecture of routing protocols because it is

required lots of modifications of protocol recognition. In this paper, we propose Routing Adding Framework

which can reduce errors or mistakes during modifying the existing routing support architecture. Routing Adding

Framework is provided as a adapter API for protocol recognition. and it is only minimum modifications for

protocol identifiers when a new routing protocol is added to the child process of manet_mgr process which

manages routing protocols for IP layer. With Routing Adding Framework, we can reduce less than half

modification. Then, we shows an example of implementation of a hybrid routing protocol AntHocNet using

Routing Adding Framework, and we verify its design and application of the Routing Adding Framework by

obtaining simulation result with similar result given by AntHocNet.
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Fig. 1. Router node model and the architecture of routing
protocols (a) independent process

976

MANMNET node model (manet_station)
manet_rte_mgr
- o |

manet_ne_mer

(b) Child process in independent Mgr.

(c) Child process in dependent Mgr.
manet_mgr
aodv_rte

dsr_rte

grp_rte

_. =
Nel o}
P -
22
@
- @
S
g g
= a
o
J

2! 2. MANET &kt 29l 9 2} Z2eF9o| IX (b)
=5 eaze] 237 A ZzAse] Je o) 1P Al
£33 xedse] A4 zease) o

Fig. 2. MANET node model and the architecture of
routing protocols (b) child process in indep. mgr. (c) child
process in dep. mgr.
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Check if MANET is enabled on this interaface
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{
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active_manet_protocols |= IPC_RTE_PROTO_DSR;

¥
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{routing_protocols_lptr, )

{

ip_manet_enable (&nodule ta, IpC_Rte_Tora);
iface_info_ptr->flags |= IF'C INTF_FLAG_MANET, ENABLED;
active_manet_protocols |= IPC_RTE_PROTO_TORA;

ADDV
else if (ip_interface_routing_protocols_cont,
({routing_protocols_lptr,

it oo

ul

ip_manet_enable (&module_ IpC_Rte_Aodv
iface_info_ptr->flags |— IPC IhTF FLAG_MAI\ET EI\ABLED,
active_manet_protocols |= IPC_RTE_PROTO_AODV

num_mgtwy_interfaces++;
H

Ol 3. ip_dispatch ZEA|2~ Rulojre] ghbE zZrEed
1]

Fig. 3. Routing protocol recognition in ip_dispatch
process
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Table 1. Codes analysis for creating a new routing
protocol

Process models
ip_dispatch.pr.m 14 places
manet_mgr.pr.m 2 places
External sources
ip_rte_support.ex.c 14 places
ip_cmn_rte_table.ex.c 1 place
Headers
ip_cmn_rte_table.h 2 places
ip_rte_v4.h 2 places
ip_higher_layer_proto_reg_sup.h 1 place
ip_rte_support.h 3 places
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else if (ip_interface_routing_protocols_contains krout‘i ng_protocols_lptr l IpC_Rte_Aodv))

B

2| 5. ip_dispatch ZZA|Xol4 A2 2h$E] 22 EZS olAlshe B
Fig. B. Recognition of new routing protocols in ip_dispatch process model
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BoR s Folof gt} w3y Y] IP AL
cmn_route_table-> Multipath 2}-%-8]¢] &
Tz A2 A9 vy (B R A B
3R] 97| wfitel] B HiZle] A
ol 3)sfodof gk} = Distance Vector HHA]-2
7427} ehE elelEe gl A BeE ZEE
2 FFlo] A== ubd, Source Routing WAl
= A7) eheE ZEEZE AgEe] Hu|w ook

i

O
g kd

£ 93, BE dlolE] #ARlS 2 ZREF
oA Hesh= AAHS F71sl9dt)  ip_rte_support.h
Fcfel] Ao)El “MANET 2198 Z2eFox AM-
k= ARYE ©3 9l IpT_Manet_Info %Lzsx‘ﬂoﬂ
all_packet_handled_by_routing H5E X4—43}
2] ZREFO] 27|35} Al s WeE E]’Hi}
gk} 3 62 ip_rte_support 3|tie} 2% A 1k
of wdEl  Felek I 69 ()elAE
ip_rte_support o5 ke s}l o]
ip_rte packet_amval Fepelld, 71E DV WA = 7
27} 9= 739 2 DSR¥ -2 Source Routing =
EZo A% % % MANET 2538 Z2eZa %

typedef struct IpT_Manet_Info

Prohandle mgr_prohandle;
IpT_Rte_Protocol rte_protocol;
AodvT_Route_Table* aodv_route_table_ptr;

/ for dealing with all packets by routing protocol
Boolean all_packet_handled_by_routing;

Boolean manet_gateway_status;
} IpT_Manet_info;

(a) Definition of IpT_Manet_Info structure in ip_rte_supporth

if ((packet_from_lower_layer == OPC_FALSE) &&
((iprmd_ptr->manet_info_ptr- >rte _protocol
IpC_Rte Dsr) ||
(iprmd_ptr->manet_info_ptr->rte_protocol
== IpC_Rte _Grp)))

{
intf_ici_fdstruct_ptr->manet_redirect g
= oec rug;  oource Routing

¥
for dealing with all packets by routing protocol
else if
(iprmd_ptr->manet_info_ptr->all_packet_handled_by_routing
== OPC_TRUE)

{
intf_ici_fdstruct_ptr->manet remrect
OP

C_TRUE; All packets

H
else if ((iprmd_ptr->manet_info_ptr->rte_protocol
== IpC_Rte_Tora) ||
(iprmd_ptr->manet_info_ptr->rte_protocol
== IpC_Rte_Aodv) ||
raf_ip_interface_routing_protocols_contains_unit
(iprmd_ptr->manet_info_ptr->rte_protocol))

1
if (got_datagram_info == OPC_COMPCODE_FAILURE)
intf_ici_fdstruct_ptr->manet_redirect
= OPC_TRUE;
T
} No route of DV Routing

(b) Redirection condition of ip_rte_packet_arrival function
in ip_rte_support.ex.c

32 6. MANET 2198 Z2EZe] f34 szl He] 22
Fig. 6. Redirection conditions to MANET routing
protocols
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A451El 2heE Z2EFe] 9% MANET #H9-H
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o]Fe] TR e 22 W ARG-O- [4]0] Al%E uby
I zh ed ZREFS ARSS fskd
manet_mgr Z2A|2 wdlo] SE3h= Axpr} o}
t}. manet_mgr EEAX 2Ele] HAAgrow z)4lH
o] 91 AD-HOC Routing Parameters 15 E}*-?*E]
ZREZS AUE £ QIR 27 EF0] 0|28 &
23l 2}$E ZREZo] As B AL8st jJrE‘r
PIE S SERIE manet_mgr A welol
47 ZAelA Aelyl 2leE Zaeas 43} &

%> 2)%=5- manet_mgr_routing_protocol_determine 3}

<=2} manet_mgr_routing_process_create 5 Al
ohes xzEEd B sk, A Bhed Zre
F-S manet_mgr ZZA|20] 2[4 Z2A| A2 FU)EH

o}

3.5 2tE F} =dY39| JHMED}

A G7A] A2 e)9-E] 17} =9 JEL—% g3}
ol 7 B 2RSS I A i 5
Al Folof sl W g 7kt & -’F 3k
o 72 2 ZREZO JE S8 Aok
= ol diste] 7129 “mil AA) 2nE FAFRE
v} (Brute Force)”®} A|oksh= 298] 7 Z|Y

ok

Model name Brute force Proposed Remarks
Process models
ip_dispatch.pr 14— 0
manet_mgr.pr 2 === - - 2 — Protocol invocation
5
z
External sources %
ip_rte_support.ex.c 14— © 0
— firg
ip_cmn_rte_table.ex.c 1 ---EE--r 1 -
=
3
Headers = > Protacol recognition
ip_cmin_rte_tableh 2 ---FSal--» 2 ! d
ip_rte_vah 2 ---FEl--5 2
s}
ip_higher layer proto_regsuph 1 —— —[Msal - - % 1
ip_rte_supporth 3 =5 ==% 1 —— cmn_oute_table
(optional)
Routing Adding F/W
I > 6 Recognition
2 function
39 places 17 places

S8l 7. 24 S} Zeleae) s
Fig. 7. The improvement effect by Routing Adding
Framework

4) 9714 MANET 2h$8 Z2 €22 ek manet_redirect
W5 OPC_TRUEE AA3P o] 5l sfzlo] AA%l
MANET Z2eZ= sl
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2jPE ZEEZ 7
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8 WAL o e 7} a2 dEEs wef HelE
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& Coh o] AolEE Fo} T A1e] A2 AR
%, 75 Dk ol Bl €] vl vhd 4+ aliz A
(e Ak A1e) Az 4R AL S -
ek

AntHocNet-> 7iv] #lcke] &k Fob 9 o230
3PARS 283 Multipath 2H9-8] TR EZR EHz]
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2% silsh, 427k AR o F Hello WAAE

A B
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o
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L e

27 8. Ale] HA gl s
Fig. 8. Ant finding shortest path"®

olgu AzAnd g Azeel Hue 4
ol SR AT HAAE 2 9]
ol Aol 3lwd3}aL Proactive AntS ©]-8-8}o] =
7Hx| 8] 22 7 2E =A%) AntHocNetol|A] #|
o] A7l (Ant jﬂ’b g dlole] FFle] AL FAZE
o] ool 7|uigt SER AA ) ol2id AL 2=
AntHocNets 71| Sletel, e ALE 219
Zaee] T B AYse a9

o%
=
K

s

_Bi )

X

A

4.2 Hot =2f|2l|3 7|dt AntHocNet 748

A, #eE F ZdksaE o83k
AntHocNetS Z71517] ¢J5led, 28 99} o)
AntHocNetS 21A1s)7] 23 AdxE SE=3)9c)
% 99) Ak ¥ 29] 5 §1Hel] Bhgahs Yo

2, IARE o83t AEAE AR GAAl

type?ef enum

IpC_Dyn_Rte_Invalid =
IpC_Dyn_RteJh rect'ly_connected

IpC_Dyn_Rte _0spfv3 =21,

// for new protocol, AntHocNet
IpC_Dyn_RTe_AntHocNet = 22,

IpC_Dyn_Rte_Number
} IpPT_Rte_Prot_Type;

* KEEP LAST, auto increment #

definition of new protocols from in struct IpT_Rte_Prot_Ty

(a) ip_cmn_rte_table.h

typedef enum
IpC_Rte_pefault = -99,

IpC_Rte_Ospf3,
IpC_Rte_Static,

/ AMN, NSH, for new protocol
IpC_Rte_AntHocNet

} IpT_Rte_Protocol;

new protocols

(b) ip_rte_v4.h

typedef enum IpT_Protocol_Type
{1

= Background traffic tracer packets can =
= be encapsulated in ip_dgram packets.

IpC_Protocol_gasetraf -2,
IpC_Protocol_Unspec -1,

IpC_Protocol_Tora = 254,
IpC_Protocol_Ip_Mip = 300,

// for new protocol
IpC_Protocol_AntHocNet = 301

} IpT_Protocol_Type;
(c) ip_higher_layer_proto_reg_sup.h

const char® IpC_Dyn_Rte_Prot_Names[IPC_DYN_RTE_NUM] =
{ : IP", "IGRP

new protocol |

iy

(d) ip_cmn_rte_table.exc

T2 9. AntHocNet®] o141 $I8h Apdzje] 7}
Fig. 9. Adding the 1dent1ﬁer for recognizing AntHocNet
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A== 2] HI= ko] A o]F9] Hog
A2 AR, ip_cmn_rte_tableh  ST]<]
IpC_Dyn_Rte_Number = -8 ZZEFo| 214
TE AR 7] $13k A2 ip_cmn_rte_table 2]
F 4 el Eollx] 28T} #define e AR
71 AHEALE vhedgich
a3 10 2eE S Zdsdsae s
routing_adding_framework.ex.c &% A Thlo
AntHocNet®] Q141 95le] AJHxLE S718k AoE
Kot} CNT_RAF_PROTOCOLS A<= A2+ A
2 371 2w ZREFO] Folu, kS 93 A
WA 2 00 ofv] el ApiAE SRt
olFA Ui 2he® FF A=l ApEAl=
APIE &4 T2 BZ-S olisl=d] &85 2h9-d
7} ZAd = St Folof ke HA F
o] A e gt 2 8- 2 E HlolEE A
Sl A 1 ZREF olo|t]E o= Al ‘H
gk 502 AntHocNetol| A= 2| Hlo]E-5
7] el MER F71EA| Yotk FHlslth
I3 11> 733k anthocnet_rte S manet_mgr =
BA|zol FIRE AAE ReAFT) o|FA FvIsh
AntHocNet ZZA|~E Aels 4= Q1= manet_
mgr Z2A|20] wdll &4 HAA AD-HOC Routing
Parameters 152 AD-HOC Routing Protocol ©l| 4]
&4 #E FH, 7= =5 771
{1 Ads ik & —’F 3}94‘3:] e TRES
Ael A Ao 7 FERe] Eakehe- oF 4 glt)
I3 12+ 7338 AntHocNetd] Z2A2 wdlgl

" nu'rber of protoctﬂs r‘en]y added

'/ protocol name that exists as a process
char= arr_raf_protocol_name iCNT_PlAF PROTOCOLS]

/ protocols which in the ip_rte_v4.h,
/ in struct IpT_Rte_Protocol

i:pT_Rte_Frotoccﬂ
arr_raf_protocol [CNT_RAF_PROTOCOLS] =
{IpC_Rte_AntHocNet};
int arr_raf_protocol_flag [CNT_RAF_PROTOCOLS] =
{IPC_RTE_PROTO_ANtHOCNet};
char= arr_raf_protocol_str {CNT_RAF PROTOCOLS]
{"AntHocNet'

'/ ip_higher_layer_proto_reg_sup.h,
/ in struct IpT_Protocol_Type
int arr_raf_protocol_type [CNT_RAF_PROTOCOLS] =
{IpC_Protocol_AntHOcNet};
’/ ip_cmn_rte_table.h,
'/ in struct IpT_Rte_Prot_Type
IpT_Rte_Prot_Type
arr_raf_ipc_rte_prot_type [CNT_RAF_PROTOCOLS] =
{IpC_Dyn_Rte_AntHocNet};

(e) routing_adding_framework.ex.c

T2 10. AntHocNet®| <12 fl8te] 2h¢d F7b =z
RESR et

Fig. 10. Adding the identifier for AntHocNet in routing
adding framework
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Fig. 11. Adding the AntHocNet as a child process of

manet_mgr process

[ Process Model: snthacnet ste
Flle Edit Interfaces FSM Code Blocks Compile Windows Help

QB EHA B FeEH
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<0

=)

Ll

aa

alf

Aeg ster the -r..»a:\e.. aow:‘ g process as a higher layer in IP
otoco1_An:u

ID_H\QHQP LBVQP PfOCOCO'l_RQ@iS!Qf ("AnTH her id);
nodule_data_ptr->manet_info_ptr->all_packet_handled_by_routing = OPC_TRUE;
72! 12. AntHocNet Z2A|A Rdls} %7|3}34]
Fig. 12. Process model for AntHocNet and its

initialization
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Table 3. Simulation parameters for validating the
implemented AntHocNet
Parameters Value
# of nodes 100
Mobility domain 2400m * 800m
Simulation time 900 seconds
# of iterations 20 times
Model Random Waypoint
Unifi
Speed n.1 o
Mobility (min=0, max_speed)
max_speed 1, 2, 5, 10, 20, 30
Pause time 30 seconds
# of sessions |20 nodes
Traffic Dist. model Constant (CBR)
. 4 packets/sec, 64
P
roperties bytes/packet
Routing Protocol AntHocNet, AODV, OLSR
CSMA/CA
MAC P 1
€ Protoco (IEEE 802.11 DCF, WLAN)
Physical |Data rate 2 Mbps
Setting Tx range 250m
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