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Abstract

This thesis describes mechanisms for using DVB-RCS (Digital Video Broadcasting Re-
turn Channel via Satellite) on the Internet. DVB-RCS is a telecommunication standard
for the return link from a terminal to a HUB using a satellite link. DVB-RCS is expected
to provide the bidirectional connectivity to a broadcast network in any place without a
terrestrial link.

On DVB-RCS, both a forward link and a return link are unidirectional. The forward
link is a broadcast link. The HUB broadcasts data to all terminals by the forward link.
On the other hand, the return link is a point-to-point link. Each terminal sends data
to the HUB, but can not broadcast it to the other terminal. The Internet architecture
assumes the bidirectional connectivity of its data link. Thus, the technologies such as the
address resolution or routing protocols do not work correctly on the DVB-RCS, because
the network is compose of unidirectional links.

In this research, we treated DVB-RCS as a bidirectional broadcast link. In order for
every node to be capable of receiving data from the other nodes, there were two problems.
One is that the HUB and a terminal is connected by two different unidirectional links.
The other is that a terninal can not directly communicate with the other terminals.

To solve these problems, we proposed a mechanism which combines the two unidirec-
tional links as a single bidirectional link on a virtual interface. Additionally, we proposed
another mechanism on which the HUB forwards the data from a terminal to the broad-
cast link by proxy. Both mechanisms are designed and implemented without biorating
the existing data link format and the laysering model of the Internet.

We evaluated the mechanisms on the testbet network which emulates a network in-
cluding DVB-RCS as its data link. As a result, the bidirectional communication was
established correctly on the proposed data link toropology. And then, we confirmed the
effectiveness of those mechanisms. By this research, DVB-RCS can be utilized efficiently
as well as the other data links on the Internet.
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oboooooog
oon

6.2 HUBUOOOOOOUOUOOUOUOOOUOooad

U710 LEDOOODOOHUBOOOODOOOOODODOODODOODODOODODOoOooOoOooDD
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OO000mbuf00000000DO0ODOOCOOOHUBO TerminalOOOOOO0OOO0OOO
gbooooooooooooboobgoobon

/sys/net/if _ethersubr.c

void
ether_input(struct ifnet *ifp,struct ether_header *eh, struct mbuf *m)
{
(I

(void)memcpy (ifname, ifp->if_name,sizeof (ifname));

if (if _name[0]=="r’&&ifp->if_unit==0){

m->m_pkthdr.rcvif=vifp;

}
LI
b

6.2.2 HUBOOOOOOOOODOO

HUBOOOOOOOODOOOODOOFreeBSDO bridgeDO0D0OOOO0ODOOOOOOOO
gboobooboobooooooooooooooooooooooooooooooooDo
ubboobooboobbooboobobooboooo

FreeBSDOOOODOODOOOOOOOOODOOODOOOD MACODOODOOODO
oobooboooHUBOOOOO0OO0OO0DOOO0OO0OOO0OOO0DbOOOOODbLOOODOOODbOO
000000 MACOOOOOOOOOOODDOOOOOOOOOODODOODOOOO MAC
gobogoobooobbooboooboobboobbooobuooobooooboo
OMACOOOOOOOOOOForward LinkOOOOOOOOOO0ODOO

hub O bridge.c OO0 OO0OD0OO0ODOOOODOO

/sys/net/bridge.c

static struct mbuf *
bdg_forward(struct mbuf *mO,struct ether_header *const eh,struct ifnet *dst)
{
0o/« OO0O0OD00O0000000 =/
ifp=TAILQ_FIRST(&ifnet);
src=mO->m_pkthdr.rcvif;
rcsbdg=0;
(void)memcpy(ifname,src->if_name,sizeof (ifname)) ;
if (ifname [0]=="r’&&ifname[1]=="c’&&ifname[1]=="g’&&src->if _unit>=1){
/ 00 IFO0D0OOO0DOOOOOOO0O %/
rcsbdg=1;
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}
if (resbdg==1){
/ 0000000000ooooooog =/
dst=bridge_dst_lookup(eh,ifp2sc[real_dst->if_index].cluster);
if (dst==BDG_MCAST| | dst==BDG_MCAST| |dst==src) {
/* Forward Link O OO0 =*/
if (1 IF_HANDOFF (%ifp->if_snd,m,ifp)){
BDG_MUTE (ifp) ;
}
BDG_STAT (ifp,BDG_0OUT) ;

6.3 TerminalUODODOOOOOOOOOOOOO

0710 LEDOOODOD Terminal 00 O0O00D0O0OOO0OO0OOOOOODOOOODOOO
000000000 HUBOOOOOO Terminal OO OOO0OOOOOOOOOOOOO
OTerminal 00000000 Terminal 000000000000 OOOOOODOOOO
00000 Reev IFOOOOODODODOOODODOODODO Send IFOODODOOODODOODO
00 Normal IFOO OO

—» HUB—Terminal

......... # Terminal— Terminal | Bridge |v

virtual IF

¢rmal IF

0 6.2 Terminal O OO ODOODOODOODOOOODO

6.3.1 U00O0OO0OOOOOOOOO

Terminal OO0 OO0 O0O0OOOOO0O0OAUBOOODODODOOOOOODODOODODOO
OO00o00o0mbuf0O0D0OOO0OOO
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6.3.2 LEDOODOOOO

LEDODOOODO0OOODOO0OO0OCOODTerminal 0O O00OOOOODOOOOO
gobdbobobobobobooooooooboboboboobobOoboboobo
O0ooooDbo0o0ooobs430000000000DO0O0OO0O0O00OO0ODO Terminal O
OO000D0O0O00D0OO000OOO0O0DOOO0O0OOTerminal0OOOODOOOODOOOOO
gboooobooboobbooboobbooboobboon

Terminal 0 bridge.c OO OO0O0OOO0O0OOODOO

static struct mbuf *
bdg_forward(struct mbuf *mO,struct ether_header *const eh,struct ifnet *dst)
{
0o /« OOO0OO00OO000000 =/
ifp=TAILQ_FIRST(&ifnet);
src=mO->m_pkthdr.rcvif;
rcsbdg=0;
(void)memcpy(ifname,src->if_name,sizeof (ifname)) ;
if (ifname [0]=="r’&&ifname[1]=="c’&&ifname[1]=="g’&&src->if _unit>=1){
/ 00 IFO00D0OOO0DOOOOOOO0O %/
rcsbdg=1;
}
if (rcsbdg==1){
/* 0000 Terminal OO OOOOOOOO =/
if (! IF_HANDOFF (&ifp->if_snd,m,ifp)){
BDG_MUTE(ifp);
}
BDG_STAT (ifp,BDG_QUT) ;
Yelsed{
/* 000000000000 OooooOo =/
dst=bridge_dst_lookup(eh,ifp2sc[ifp->if_index].cluster);
if (dst!=src){
/* Forward Link 0O 00O =%/
if (! IF_HANDOFF (&ifp->if_snd,m,ifp)){
BDG_MUTE (ifp) ;
}
BDG_STAT(ifp,BDG_OUT) ;
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Terminal2

192.168[0.224 [192.168.0.3/24 192.168.0.4/24
PC-B | pcD PC-C

gr72.0000000000000

goboboboooooooboboboboob r20b0bobobooobobo
ooo0oo0oDoOPC-AOPC-BOPC-COPC-DOOOOOOOOOOOOOOOOOOO
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Or72:.0pPCOIPOODOOOMACOOODO

D000 [IPODOO  |[MACOOODO

PC-A 192.168.0.1/24 | 00:90:99:16:08:21
PC-B 192.168.0.2/24 | 00:90:27:a5:9a:9a
PC-C 192.168.0.3/24 | 00:90:99:4¢:12:dd
PC-D 192.168.0.4/24 | 00:90:99:24:fc:05

000000 PpCOIPOOOOOMACOODOOOO72000000000000000
UO0O0U0Dooo0oHUBOODODOOODOOO Terminal UODOOD0OOO O Terminal 0 0 OO
OUO0O00 HUBODOOOUODOOTerminal 0000000000 Terminal 00000
U000 ping00000O0O0ODOO0

oobooogobboobobooobooooobooooogboo0oUoHUBO Terminal-
I0Terminal-20 0000000000000 0OO0O00ODO0O0OOODOO0ODO0ODLDOODO
ubobooobooboobboobuooboboobbooboobooboobooboooonoon
oboboooooooboooobooo r3gbogg

73 000000000000000

in.IF

gobooboboobooboobobooboooboo

out.IF

gobooboboobooboobobooboooboo

Sre

O00 MACOOOO

dst

o000 MACOOOO

gbooooobog3boobooaoobobood

0001 Terminal 0O 0000000 HUBOODODODOODOODOODOO
PC-BOO PC-A00 PingOOOOOODOOOOOOOOOODOODOOO

U000 2 Terminal OO0 O00O00000 Terminal OO0 O0OOO0OOO0OO0O
PC-BOO PC-COO PingDOOOOOOOODOOOOOOOOOOODOO

U000 3 Terminal OO0 O0OOO0O0OOOOOO
PC-BOO PC-DUOO PingOOOOOODOOOOOOODOODLOOOODO
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73.1 TerminalOOOD0OO0O0O00O HUBOOOOOOOOOOOO

PC-BOO PC-AU0 Ping0OOOODOOODODOOOTerminal DOOODOOOODO
HUBOUODODOOOOODOOODOODOOODOODOObOObDOOoDbDOObUOobObOOoDOO
O00000PC-BOOO ARP request d HUBO OO0 Forward Link OO0 O00O0OPC-C
OO0 ARPrequest 00000000 ODODOOODOOOO

PC-BOO PC-AQD ping0 0000 740000

0 7.4: PC-BOO PC-A OO ping
PING 192.168.0.1 (192.168.0.1): 56 date bytes
64 bytes from 192.168.0.1: icmp_seq=0 tt1=64 time=8.246 ms
64 bytes from 192.168.0.1: icmp_seq=1 ttl=64 time=3.309 ms
64 bytes from 192.168.0.1: icmp_seq=2 tt]l=64 time=3.079 ms
64 bytes from 192.168.0.1: icmp_seq=3 ttl=64 time=2.878 ms

PC-BOO PC-ADO ping0 00000 OCOTerminal 0O0O0OOOOOO HUBODO
googobooboobboobooboobbooobon
o000 HUBODOOODODOODOOODOODOODODOO 750000

O 75 AUBO0OOOO0OOOOOOOOOOO

/* PC-BO OO arp request OO OODOOOO =/

in.IF> fxpl->rl0 <src>00:90:27:a5:9a:9a <dst>ff:ff:ff:ff:ff:ff /x virtual IF %/
out.IF> vr0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff

out.IF> rl0 <src>00:90:27:a5:9a:9a <dst>ff:ff:ff:ff:ff:ff /x HUB */

/* PC-AO OO arp reply */

in.IF> vr0 <src>00:02:b3:27:5c:97 <dst>00:90:27:ab5:9a:9a

out.IF> r1l0 <src>00:02:b3:27:5c:97 <dst>00:90:27:ab:9a:9a

/* PC-B - PC-A0 ICMPO O OOODO =/

in.IF> fxpl->rl0 <src>00:90:27:a5:9a:9a <dst>00:02:b3:27:5¢:97 /* virtual IF */
out.IF> vr0 <src>00:90:27:ab:9a:9a <dst>00:02:b3:27:5c:97

/* PC-A - PC-B0 ICMP Echo Reply */

in.IF> vr0 <src>00:02:b3:27:5c:97 <dst>00:90:27:ab5:9a:9a

out.IF> r1l0 <src>00:02:b3:27:5c:97 <dst>00:90:27:ab:9a:9a

/* PC-B - PC-A0 ICMPO O OOODO =/

in.IF> fxpl->rl0 <src>00:90:27:a5:9a:9a <dst>00:02:b3:27:5c:97 /* virtual IF */
out.IF> vr0 <src>00:90:27:ab:9a:9a <dst>00:02:b3:27:5c:97

/* PC-A - PC-B0 ICMP Echo Reply */

in.IF> vr0 <src>00:02:b3:27:5c:97 <dst>00:90:27:ab5:9a:9a

out.IF> r10 <src>00:02:b3:27:5¢c:97 <dst>00:90:27:ab:9a:9a
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PC-BODO PC-A0 ping00D00OCO0OOO0ODOCOHUBO PC-BOOODOOOODOO
000 Forward Link 0000000000000 OCOO0ODOOOODOOO0ODOO0OOOOO
vbdbdgbooubobobobobooboobooooooouoboboboooan
OOo0o0oDooOoOooopPC-BO PC-AOODOOOODOOOODOOOODOOOODOO

Oo0DOodnD Terminal-2 000000000000 OO0ODOOO 76000000

O 7.6: Terminal-2 0000000000000 0O0ODO

/* PC-BOO0 arp request 000000000 */

in.IF> rl0->rll <src>00:90:27:a5:9a:9a <dst>ff:ff:ff:ff:ff:ff /* virtual IF */
out.IF> aue0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff

/* PC-A - PC-B[ ICMP Echo Reply */

in.IF> rl10->rll <src>00:02:b3:27:5c:97 <dst>00:90:27:a5:9a:9a /* virtual IF */
out.IF> rl0 <src>00:02:b3:27:5¢c:97 <dst>00:90:27:ab:9a:9a

in.IF> r10->rl1 <src>00:02:b3:27:5¢:97 <dst>00:90:27:a5:9a:9a /* virtual IF */
out.IF> r1l0 <src>00:02:b3:27:5c:97 <dst>00:90:27:ab:9a:9a

HUBO pPC-BOOOOOOOOOOODOOOOODODOO Forward LinkOOOOOOODO
00 Terminal-20 PC-BO ARP Request 100000000000 OOOOOOForward
LnkOOOOOO0O0OOODOOHUBOO Terminal-1000000000O0O0O0O Terminal-
200 00000000000 0D00Teminal 000000000 HUBODOOODOOODO
00000000 00ooooooooooooooon
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7.3.2 TerminalDOODO0O0O0O00O0O Terminal OO OO0OO0OO00O0O0OO

PC-BOO PC-CO0 Ping0O00O0O0O00000O00O00 Terminal 0000000
000 Terminal 0000 0000000000000 0000000000000000
000000 Terminal-Terminal 0 0000 05.3.20 0000000HUBOOOOOOO
000000000000000000000000000 Forward LinkO0O0OO000O
00000000000 00000000

PC-BOO PC-CO ping0 0000 770000

O 7.7. PC-BOO PC-COO ping
PING 192.168.0.3 (192.168.0.3): 56 date bytes
64 bytes from 192.168.0.3: icmp_seq=0 tt1=64 time=10.235 ms
64 bytes from 192.168.0.3: icmp_seq=1 ttl=64 time=4.993 ms
64 bytes from 192.168.0.3: icmp_seq=2 ttl=64 time=4.784 ms
64 bytes from 192.168.0.3: icmp_seq=3 ttl=64 time=4.571 ms

PC-BODO PC-COO ping0 0000000 Terminal 0O0DODOOOOODODODO Terminal
O0oo0oO0OoOooooooooOoOoooooooooooOooo
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o000 HUBODOODOODOODODODODODOODODODO 780000

078 HUBOOOOOOOOOOOOOOOO

/* PC-BUOUDO arp request U OO ODOODOO =/

in.IF> fxpl->rl0 <src>00:90:27:ab5:9a:9a <dst>ff:ff:ff:ff:ff:ff /* virtual IF *
out.IF> vr0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff

out.IF> rl0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff /* hub */

/* PC-A0 00 arp reply */

in.IF> fxp0->rl0 <src>00:90:99:1a:be:d9 <dst>00:90:27:a5:9a:9a /* virtual IF */
out.IF> rl0 <src>00:90:99:1a:be:d9 <dst>00:90:27:a5:9a:9a /* rcs bridge */

/* PC-B -~ PC-CO ICcMPOOODOODO =*/

in.IF> fxpl->rl0 <src> 00:90:27:ab5:9a:9a <src> 00:90:99:1a:be:d9 /* virtual IF
out.IF> rl0 <src> 00:90:27:ab:9a:9a <src> 00:90:99:1a:be:d9 /* rcs bridge */

/* PC-C - PC-B[] ICMP Echo Reply */

in.IF> £xp0->rl0 <src> 00:90:99:1la:be:d9 <src> 00:90:27:a5:9a:9a /* virtual IF
out.IF> rl0 <src> 00:90:99:1a:be:d9 <src> 00:90:27:ab5:9a:9a /* rcs bridge */

/* PC-B - PC-CO ICcMPOOODOODO =*/

in.IF> fxpl->rl0 <src> 00:90:27:ab5:9a:9a <src> 00:90:99:1a:be:d9 /* virtual IF
out.IF> rl0 <src> 00:90:27:ab:9a:9a <src> 00:90:99:1a:be:d9 /* rcs bridge */

/* PC-C - PC-B[ ICMP Echo Reply */

in.IF> fxp0->rl0 <src> 00:90:99:1a:be:d9 <src> 00:90:27:ab:9a:9a /* virtual IF
out.IF> rl0 <src> 00:90:99:1a:be:d9 <src> 00:90:27:ab5:9a:9a /* rcs bridge */

/

PC-BOO PC-CO ping0 00000000 OOOCOHUBO PC-BOOO ARP request
0000000000 Forward Link0OOODOOO0OODOOPC-CO PC-BOOO ARP
request OO0 ARPreply 000 O00O0OOOCOOOODOPC-BO PC-COOODODODO
oboobogoHUBODODOODOODOOOODLOOODOODOOOObOOoDbDOoboDOobobooDbOooDo
odoobobooboobboobooHUBObOO0ODOOO0ODODUObLOODLOOOODbDOODDS.3.2
gbbooboboobuodgboobobod
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O000000 Terminal-2O0 0O O0OOO0OOO0OO0OO0OOOOOOOOO 90000

O 7.9 Terminal-2000000000000000OO

/* PC-BUOUDO arp request U OO ODOODOO =/

in.IF> vr0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff /* virtual IF */

out.IF> fxp0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff

/* PC-BUUDO arp request UO OO UODOODOOD HUBU O Forward Link O OO */
in.IF> aue0->fxp0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff /* virtual IF */

out.IF> vr0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff

/* PC-CO U0 arp reply */

in.IF> fxp0->rl0 <src>00:90:99:1a:be:d9 <dst>00:90:27:a5:9a:9a
out.IF> vr0 <src>00:90:99:1a:be:d9 <dst>00:90:27:ab:9a:9a

/* PC-B - PC-CO ICMPO O ODOOO =/

in.IF> vr0 <src> 00:90:27:ab:9a:9a <src> 00:90:99:1a:be:d9
out.IF> fxp0O <src> 00:90:27:ab:9a:9a <src> 00:90:99:1a:be:d9
/* PC-B - PC-CO ICMPU OO UOOO HUBU O Forward Link OO0 */

in.IF> aue0->fxp0 <src> 00:90:27:ab5:9a:9a <src> 00:90:99:1a:be:

out.IF> vr0 <src> 00:90:27:a5:9a:9a <src> 00:90:99:1a:be:d9 /x*
/* PC-C - PC-B0 ICMP Echo Reply */

in.IF> aue0->fxp0 <src> 00:90:99:1a:be:d9 <src> 00:90:27:a5:9a:

out.IF> vr0O <src> 00:90:99:1a:be:d9 <src> 00:90:27:ab5:9a:9a /*
/* PC-B -~ PC-CO ICMP O OO OOO =/

in.IF> vr0 <src> 00:90:27:ab:9a:9a <src> 00:90:99:1a:be:d9
out.IF> fxp0 <src> 00:90:27:a5:9a:9a <src> 00:90:99:1a:be:d9
/* PC-B - PC-CO ICMPO O OOOODO HUBO O Forward LinkO OO %/

in.IF> aue0->fxp0 <src> 00:90:27:ab5:9a:9a <src> 00:90:99:1a:be:

out.IF> vr0 <src> 00:90:27:a5:9a:9a <src> 00:90:99:1a:be:d9 /x*
/* PC-C - PC-B[J ICMP Echo Reply */

in.IF> aue0->fxp0 <src> 00:90:99:1a:be:d9 <src> 00:90:27:ab:9a:

out.IF> vr0 <src> 00:90:99:1a:be:d9 <src> 00:90:27:a5:9a:9a /x*

/* virtual IF */

d9 /* from HUB */
from HUB x*/

9a /* virtual IF */
RCS Bridge T */

d9 /* from HUB */
from HUB */

9a /* virtual IF x/
RCS Bridge T */

HUBOOOOODOOODOOOODOOOO Terminal-1 0 Return Link OO0 O0OOODO
OO0O0DOO0oO0O00 Forward Link OO0 OD0DOO0OOO0OOOO Terminal-1 00000000
booboooboobooooooooooooooooooooooooooooooooDo
uboboooboboobboooobbooobuooobooboobooooboooaobon
Uoobob0obO0bUobOobOobobDonogoos330b0b Terminal OO D ODOO
ooooooooooOooooooOoooobooOoOoooDoOoPC-BO PC-CcODOODOOO
OO0O00D00O000000Teminal 0OOOO0DODOOO Terminal OOOODOOOOO

ubobooobooboboooboobooooboooo
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7.3.3 TerminalDOODO0O0OO0O0OOOOO

PC-BODO PC-DOO PingODOOOOODOOODOOCOOTerminal DOOODODOODO
oobodpboobbo0boobobboobDoboboboobooboobDooOD Terminal DO OO
O0000D0O00000Terminal DO0O000O0O000D00O0O Return LinkO0ODOOOO
uboboooboobobooobooboooboboaoo

PC-BOO PC-CO ping0D00OD0OO 7100000

0 7.10: PC-BO O PC-DO0O ping
PING 192.168.0.4 (192.168.0.3): 56 date bytes
64 bytes from 192.168.0.4: icmp_seq=0 tt1=64 time=0.491 ms
64 bytes from 192.168.0.4: icmp_seq=1 ttl=64 time=0.176 ms
64 bytes from 192.168.0.4: icmp_seq=2 tt1=64 time=0.175 ms
64 bytes from 192.168.0.4: icmp_seq=3 tt1=64 time=0.172 ms

PC-BOO PC-DO0 ping0 000000 OTerminal 00 O0OO0O0O0O0DOOOOOO
googooboobooboooboo
O0O0D Terminal-1 00 O000O0O0DOOOO0OOOODOOO 7110000

O 7165 Terminal- 1 00000000000 OCO0ODO

/* PC-BO OO arp request OO OODOOOO =/

in.IF> vr0 <src>00:90:27:a5:9a:9a <dst>ff:ff:ff:ff:ff:ff /* virtual IF %/
out.IF> fxp0 <src>00:90:27:a5:9a:9a <dst>ff:ff:ff:ff:ff:ff

/* PC-DO 00O arp reply */

in.IF> vr0 <src>00:90:99:24:fc:05 <dst>00:90:27:a5:9a:9a /* virtual IF %/
/* PC-BO OO arp request U0 OO ODOODOODO HUBU O Forward Link O OO */
in.IF> aue0->fxp0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff /* virtual IF */
out.IF> rl0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff

/* PC-B - PC-DO ICMPO O OOOO =/

in.IF> vr0 <src>00:90:27:a5:9a:9a <dst>00:90:99:24:fc:05 /* virtual IF */
/* PC-D - PC-BO ICMP I O ODOOO =/

in.IF> vr0 <src>00:90:99:24:fc:05 <dst>00:90:27:a5:9a:9a /* virtual IF */

PC-BOO PC-DOOOOOOOPC-BOOOOOO ARPOOOODOOO Terminal-10
pPC-BOODOOOOOOOOOOOOOODOOOOPC-DOODO APR replyd Forward
LinkODOOOOOO0OOOOODOOPC-DOOPC-BOODOOOOOOOOODOPC-DOODO
oooooooooobbooooooboope-BO PC-DODOOOOODOOOODOO
U0 HUBOOODOOODODOOODOO
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HUBOOODOODOODOODOOOOOOOOD r1200000DO

O 712 HUBOOOOOOOOOOOOOODOO

/* PC-BUOUDO arp request U OO ODOODOO =/

in.IF> fxp0->rl0 <src>00:90:27:a5:9a:9a <dst>ff:ff:ff:ff:ff:ff /* virtual IF */—
out.IF> vr0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff

out.IF> rl0 <src>00:90:27:ab:9a:9a <dst>ff:ff:ff:ff:ff:ff /* rcs bridge */

HUBOOOPC-BOOO ARP Request D000 O00O00ODO0OOCOOOOOOODODOO
gboogooobgos32n0igbooonboooooonooon

PC-BOOO PC-AOPC-COPC-DOOOOOOOOOODOOOOOOOOOOODO
ubbooboobboobooobobooobobooboooooboobboobooonoon
gbooooboood

0000 PC-BO ARP TableOOOOO 7130000

0 713: 0000 PC-BO ARP Table

% arp -a

PC-A (192.168.0.1) at 00:90:99:16:08:21 on fxp0O [ethernet]
PC-C (192.168.0.3) at 00:90:99:4c:12:dd on fxpO [ethernet]
PC-D (192.168.0.4) at 00:90:99:24:fc:05 on fxp0 [ethernet]
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73.4 U00OO0O0OOOOOOOOODOO

PC-C
192.168.1.1/24

192.168.1.2/24

oot [(Fea ]
Forward Link 192.168.0.1/24

et Link 5

192.16810.2/24
PC-B

192.168.2.1/24

192.168.2.2/24
PC-D

73 0000000000000

gooboboobogooooboobobooboooboboboboooobobo 3000
Ub0obobo0obobHUBODODOODODUODODODO Terminal DOO0OOOOOO
oooooobvB-RCSOOOODOOOOOOOOOOOOODOODOOOOOOOO
gooooo

O0000oobodb0routedd D ODOOOODODO

0 7.14: 0 PCOTPOO0ODO
oooo |IPOOOO L |
PC-A fxp0:192.168.1.1/24
PC-B fxp0:192.168.1.2/24 | vr0 192.168.0.1/24
PC-C rl0:192.168.0.2/24 | vr0 192.168.2.1/24
PC-D fxp0:192.168.2.2/24
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OpCOOO715000000000000000DO

O 7.15: HUBO Terminal 000000000 OO
0000 | Destination ‘ Gateway

PC-A default 192.168.1.2
PC-B 192.168.2.0/24 | 192.168.0.2
PC-C 192.168.1.0/24 | 192.168.0.1
PC-D default 192.168.2.1

Oooooooobo pCcOOO0OOOoOOOPCOOOODODOOOOOOOODDOD
OO000O0O00OO0ODVB-RCSOODOOUOOOOOOOOOOODOOODOOOOOOOO
voboboooboooboobooboboooboooboboobooboobooboo

OO00O0OO0DO0OCO0DbO0O0ODOO0b0O0OOg PCOrowted00D0OOOORIPOODOO
oo0ooOo0obOo0o0oDoDoOoboboO0OobDo pCOO0bDOOODOOODOOO

goboobooboobooooobooboooooboboooboooboobooboooon
vgboooooooooooobooboooboboboboboboboboboban
gbobobgobooboboooooobobg re0bobobobobobooog

g vil6: 0000

oood ooodo
Terminal OO0 OO OOOO o
Terminal 00O OOOO0OO0OOO | o
0oodonoodoooon o
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U840 Ui

81 00O

OO00O0O0ODVB-RCSOOOOOOOOOOOOOOOOOOOODOODOOOOO

DVB-RCSOOODOO HUBOODOO Terminal OOOO0ODOOOO0ODOOOODOOOO
OO00O0O0DO0O0DOO0O0ODOODVB-RCSOOOOODOODOODODODODOODOOOOO
gboobooboboboobobobobobobobobOobOobOobOoDbOoDbOoDO
ugboboooooan

OO000O0O0ODVB-RCSODODOODOOOODOOOOOODODOODODODODOOOOOOOO
O00Do0o0ooo0bOo00D0o0obOU0HUBO Terminal 0 OOO0D0OOOODOOO
000000000 0DOOO00O0O00DbOO00DO0000TerminalD HUBOODOOO
D00000000Terminal 000000 Terminal 0000000000 0O0OOOODOO
ugbbooboboobuobboobobooboobobooobod

OoO0ooOoobvB-RCSODOOODOOOOOOOOOODOOODOOODOOOOOOOO
UOOUOLEDODODOODLEDDOOOODODOUODOOOODObOODbOHUBOOOOODO
gbooboooooooLeEDO0O0OO0O0OO0O0OO0O0OOO0OO0oooboooonDg

OOoO0DVB-RCSOOOODOOODOOOOOOOOOODOODOODOOOOOOOO
goobgoobooboobboobdooboobobooboobboobooboboooDoo
ugbboooboobooboban

OOo0oOoOooOooobvB-RCSOOOOODOOOOOOODOOODOOOOOOOOOOO
googn

82 UUOOO
00000000000000000000

ogoobg
O00 Terminal 0 HUBOOOOOOOOOODODOOOOOODOOOOOOOOO
O00D0O00O0C000O00DOO0bOO00DO0ODOd TerminalOOOO DVB-
RCSOOO0DOOOOODOO0ODDOOTerminal 0000000 OODOOOODODO
gbobooboboobooaobobooo

oogo
Terminal 000000000000 DOCDOODOOTerminalJO000OD0OD0O0O0OO0O
gbooobooooboobooonon
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gdodd
O00000000000000000000000000000000 DVB-RCS
0O HUBO Terminal 000000000000 OOODOOO0ODOOOOOO HUBO
Terminal 00000000 DO0O0OOO0O0OOOO0OOOOOOOOODOOOOO
200000 DVB-RCSOOOOOOODOOOOOOOOOOOOOOOODO
0 0J-SAT O DVB Working Group[dvbwork| 0 000 0000000000000
goooooboooooon
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L O

goboobooboboooobooboooboobbooboobDbooboooDoo
booboobgboboboobobooboboobobooboboobobooooboon
uboooboooboboooobobooobbooobooboooboobobooo obobbooo oo
goooobooboobboobdoobobobobooboobbooboobboooo
ubboooboobuoobboobuoboobbooboobbooboobooonon
uboobooboobooobooboobbooboobbooooon
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ETSI Telecom Standards,” ETSI EN 301 790 v1.3.1” European Standard March 2003
RFC3077:A Link Layer Tunneling Mechanism for Unidirectional Links
ETSI Telecom Standards 0 0 000 O, http://www.etsi.org

0000,00000000000000C0O000000DODODOOOOO0OOODOO
0000” MAUI Project 0000 March 2002

EMS Satellite Networks O 0 O 0O O O, http://emssatnet.com/
The FreeBSD Project, http://www.freebsd.org/

DVB Working Project 0 0 00 O O, http://www.dvb.org/

41



