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Ahstract A very incxpensive receive-only satellite receiver can rooeive high
bandwidth teafic from a feeder. Therefore the conpection between the feeder and
the receiver is imi-diractional. The existing routing protocols, such as Link-State and
Distance-Verlar, are designed on the premise that any links are bidirectional and they
cannot handle the uni-directional links, I this paper, & dynantic multicast counting
protecol is proposed, which van hendle wni-directionol ootworks. This protocol can
alse adapt to the dynamic change of the tapology of the oetwork and has goed
scalobility, A formal description of the protocal by Petri net is given. Liveness,
deadlock free and other properties of the pratocol are prowved.
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1 Introduction

Current teuting techniques assume that pairs of routers are connested by bi-directional
Links (BDLs}. Uni-Directional Links (UDTs), i.e., links with zero return bandwidth, are
nonetheless emerging. Far example, to achieve the nltimate gosl of “any where any time”
aresgs to comuuinirations and the global Internet, we must exploit the satellites. Satellite
comrmumication syrkems vary substantially in data rate, ground station eize, power Tequire-
ment, and portahility. There are smnall hand-held or briefcase-sized systetns that can send
and receive data in a few Kbpr, and there are also large dish {several meters diameter)
terminals that can send and receive data in several nmdred blbps. Among many different
eystems, r igital direct broadeast system (DBS) offers a good Lrade-off between portabilicy
and functionality of & wier terminal. In a DBS aystem, as shown in Fig.1[1, information is
collected at an uplink centar that is dennted by A, The mesvage is tremmnitted from uplink
center to & broadcast satellive, and is retransmitted back to o tetrninal on the earth surface,
which is denoted with &, 7, and D. The data rate is as high as dozens of megabit per
second. The DBS system has the most inexpensive and purtable high data rate terminsls
sllowed by taday’s technologies. But the terminals en the earth surface are receive-only
on the satellite link and have no aplink capability. Being receive-culy on the satellite link,
they operate at very lnw power consumption aod are good for rernote rural operations. The
antenns is a dish of & fraction of a meter in diameter, which is highly portable and easy to
deploy, Because the terminal ia receiveunly on the satellite link and hes no uplink capahil-
ity, the uni-directiomal link eccurs. For example, the links from point A to points B, 7 and
D are uni-directional links, though nodes 5, C and £ can send message on other links, such
as PSTN or cellular network, to Internct. In Fig.1, IAP for Internet Aecoss Poine. PRTHN
for Public Switched Telephone Network and CDPD for Cellular Nigitsl Packet Data.
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The techniques nsed by current routing protocols in Internet, such as link-atate {L8)%5],
distancevector (DY) and path veviors (PY)E are designed on the premnise ihal Loks
are bi-direclional, but theyr Jdo ool work In pelworks with uni-direciional luks, Boulers
vonnected (o an “pulguing” uni-dirsctional link (UDL) cannol be aware of Lhe exislence of
petworks reachable thoough this TDL, Bouling protocols based on L3 meclianiso, such as
OSPFE and MOSPFE!, are not applicable in nni-directional networks beeause their routing
message st be “acknowledged™ but the “acknowledgement™ cannot be sent back to the
ronting message sender along the other direction of the link on which the routing message
is received. Routing protocols based on DV, such as RIP® and DVMPP, are also not
applicable in uni-directional oetworks because one node cammet deduce its own dislauce
vector from all its predecessors’ rooling information. PM-SMI i & muduicasl roullog
protocol and 1L also stands on the lact that all ks ace bi-divectional and so it is also not
applicable 11 the un-directional notworks,

IETF (Iuternet Enginecring Task Force) has formed a UDLR (Uni-directional Link
Rouling) working group to detetmine a shart-term workaround solution. Two approaches
have been proposed: wodifying routing protocols®—'" or creating virtual bi-directional
tunnels 1112 They are all designed on the basis of an external return path, That is, the
racaiver (the reeciving node of the two nodes connected by a uni-directional link) kmows
a path to the feeder [the sending node) in advance or by the wnicast routing. IT the rest
of the network iz bi-directiomal, the external retam path can e st up progody. Bur of
the external return path must pass ancther uni-directional network, there may be a tout-
ing bootstrap problem — {he exleral refurn path cannet be resolved ontil after that of
the dynamic routiog of auoller wnkdirectional network being reaclved - & possible routing
deadlock suenwrio.

In anvther paper '™ we have proposed a unicasi routing protocol for uni-directivnal
nelwork, Tt 15 not needed to know the external return path fom the recerver Lo the feeder
in advacce and it con adapt to the dynamic change of network topology. In this paper,
we propose a wullicest protecol for nni-directional networks [MPUN] based on the unicast
prutugo] Far wii-lirectional networks and some useful ides of PIM-SM.
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Fig.l. An examnpla of uni-directional netwark.

2  Overview of the Multicast Protocol for Uni-direciional Network

PIM-SMD7] is an efficient mnlticast routing protocol, which uses IGMP [Internet Group
Management Protecol] and unicast ronting table to establish a multicast dislribution tree.
Bacange IGMP and PIM-SM are designed on the premise that all links are bi-directional
and protocol control message arriving at ao interface is responded an the same interface,
JGMP and PIM-5M cannot work properly oo the uni-directions] netwarks.

Our MPUN does not cxpleit the IGMP. Ii is basad on the unicast routing table, which
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15 emtabliched by unicast peotocol for uni-directionsal networks and some usefnl ideas from
PIN-SM. ’

All routers running protocol MPUN form an MPUN domain. In an MPUN domain,
there iz a unique bootetrap router [BSIL) which iz elected dynamically and there is a unigue
Rendezvous Point (RLF). Al routers work as a candidate BSE (C-BSR) as well as a candidate
Rendexvous Point {C-BP). It sends periodic C-RP advertisement to the current BSR a0 that
BER stores it to ite local pool of C-RP and broadcasts these BPs to all MPUN ronters later,
Each router stores 3 C-BP set when it recetves & proper booletrap metsaps. When a roluter
wants to participate in & proup to receive packets from the group or send packet to the
groap, it uses prescribed hash function to caleulats an RE for the group from the stored
RF set. Then it sends periodic JOIN meosage to the P to join an BP rooted distribution
tren for the group. When the BP recaives JOIN message, it sends JOIN ACK meseage
to the JOIN message sender. Through the JOIN and JOIN ACK message the RP rooted
multicast distribution tree is constructed. It can then send a packet to the RP for the group
g0 that the packet can be distributed on the RP rooted tree to all group members and receive
packet from the group. The construction of multicast distribution tree is triggered by JOIN
message sant by the group members.

When MP1UN constructs the RP rooted distribution tree, it explaite unicast routing table
for uni-directicnal networks. To be cloar, in Subsection 3.1 we will give the outline of our
umicast protocol for nni-directional networks!!3 which is veferred ta as UPUN. In UPUN,
each pode inadnlalos bwo Laldes, ooming and outgoing tables, copsisting of several entries.
MPUN uses these two tables when it constructs a multicast distribution tree.

3 Multicast Protacol over Uni-directional Network

In thiz section, we describe the multicast protocol kor uni-directional networks. The
algorithra uses the exdsting umicast routing table to establish multicast disteibution tree.
Subsection 3.1 gives the outline of the unicast prefocel for um-directional netwocka. Subaec-
tion 3.2 defines the broadceast, which s used to distribute bootatrap message to all MPUN
routers. Subeection 3.3 describes the bootetrap method, which is used to dynamically select
a Bootstrap Router. Subsection 3.4 deseribes the method of constructing an RP rooted
distribution tree. Subsection 3.5 gives the method of distributing packets on the RP rooted
distribution tree.

3.1 Conatruction of Unicast Routing Tahle

For clarity, we suppose the local router is A in this subsection. In this subsection the
methad of constructing the Incoming table and the cutgoing table will be presented. The
incoming table and cutgoing table both contain several entries. Each entry of the incoming
tahle comsists of five fields which can be represented as a vector (NGDE, DIST, KEXT, IFN,
IFIM). This entry indicates that from the router NODE to the local router A there is a path,
the distance of the path is D1ET, the NGDE is the first router in this path and the second
remter i this path is NEXT, the NODE ran send message on interface IFN to the second
router NEXT, and a packet from NODE to the local router through this path will arrive
at the local router on the interface IFIN, Each entry of the ontgoimg tahle consists of four
fielde which can be represented as a vector (NODE, DIST, NEXT, IF). Thiz entry indicates
that there is a path from the local router 4 to euter NODE, the distance of this path is
DIST and a packet can be sent on the interface IF through this path to NODE. NGDE{e),
DIST{e} and NEXT|{e) represent the NODE field, DIST field and NEXT field of an entry ¢
in the incoming table or the outgoing table. IFN{e} and IFIN(e} denote the IFN field and
IFIN field of an entry of the invoming table respectively. IF{g) is the 1V field of an entry «
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of the outgoing table. For simplicity, we suppose that the distance of each link is 1.

3.1.1 Caonstruction of Incoming Table

I. The initial state of the incoming table is emptyr.

II. Bach router pericdically sends on all its outpoing intarfaces a packet contaiming the outgoing
interfare name amd its incoming table even though the inecoming table is smpty.

III. When the local router A receives a packst from its parent ronter containing An interface J,
on which its parent router sends this packet, and an incoming table T on ita interface £ in A, it will
check for each entry in the received incoming table T to see whether there exists an entry in the
incoming table of Lhe lueal router A so Lhat the NODE ficlds of the two entries are equal. I there
exist two such entriee, thay are referred to o matched entries.

IV, If the entry e in the received incoming table T and the entry e in the eatry of the local
mcoming table are tao metched entries and DIST(e1) + 1 < DIST(ez), then the entry ez in the
lewal inrorming table s replaced by the entry (NOTE(e ), TI3T{e) + 1, NEXT{e1], IFN{e1], Fh.
Restart the entry timer of this entry.

V. When the loca] ronter A receives & paclet from ite parent router 7 containing &n interfece
J, oo which its parcnt router sends this packet, and an incoming table T on its interfece T jn A, it
checlks whether there exists an entry in the incoming table of the local router A whese KODE ficld
i= Lhe same an the sender f°. U cthere is oot such ao antry o the incomiog table of the local router
A, then it adds the entry (P, 1, 4, J, I to the incoming table of the local router and starts the sntry
timer for this entey. IF there i3 such an cotty and it is the same sa (P, 1, A, J, I}, then restart the
entey timer of thiz entyy, Mote that the interface J in the IFN fleld of the eoary (2,1, A, 2 7Y Is Lhe
same interface included in the packet from ite parent router F.

¥1. Each router checks sach entry timer of the incoming table pericdicslly. If an entry timer is
timeout, the entry is deleted frem the mcoming table.

If the sender of & packet  is & and there iz an entry e in the local incoming table whose
NODE field ia the same as 5, then IFIN{e}, the IFIN field of e, is dencted as iif{ &) or fif{P).

3.1.2 Construction of Qutpoing Table

Before describing the method of constructing the cutgoing table, we first show how to find
a path to the parent ronter. If a router A receives an incoming table which contains an entry
& whene NODE field is the same a5 A, it indicates that there exdsts a path rom local router
A to the sender P of the incoming table. As there iz a path from the router NEXT(e) to the
ronter P, thara ia alas an entry whaoe NODE feld is the same sa NEXT(e) in the reseived
incoming tahle. As & resulf, it can find aevial entries ey, .. ¢y, sich that NODE(2;} = A,
NEXT{e;)=NODE(e2], ..., NEXT{#,) = P. By the tuple sequence (NOTF{# ), TFN{&; 11,
{NODE(es), IFN(ea]), ..., (NODE[e, ), IFN(e.}], router 4 can send a packet to itz parent
router using source routing method, that is, the router NODE(e,} sends packet on the
imterface IFN{e;) to NODE(e;), router NODE{e;} sends packet on the interface IFN{z3) to
MODE{es), ..., the router NODE{z,, ] sends the packet on the interface IFN(e,) to router
F. "T'he construction of the ontgoing table 1z as follows:

L. The inttial state of the outgoing tehle is empty.

II. When the local ronter A receives a packet from ite parent router containing an interface J,
on which it parent router sends this packet, and an incoming table T an jts interface [ in A, it
tties to find a path to its parent couter by the method mentioned above. In order to find the path
from the loeal router to its parent reuter sending the packst containing the incoming table, it only
needs to check whether thers exiets an entey in the roceived ineoining table T whose KODE fleld
equals the lneal router A T it finds =uch an entry 2, it sends 2 packet containing interface J and
its oulgeing Lable thraugh Lhe interface [IFIN[e] Lo ita parent by acurce routing method even though
ite cutgeing table ia empiy,

1IL VWhen tha lacal router A receives a packet from its child router 5 containing an interface
J, ot whieh the local rouler 4 can reach the router &, and an outgoing table T of the router 5 it
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will check each colry o the received sutgeiong table T to see whether thers exisis an entry in the
cutgoing teble of the local router so that the KO fields of the two entrics arc the same. Il there
fxint tan such entrics, we call 1o then as matched entrias.

[V, If the entry 2; in the reveived outgoing table T and the entry €2 io the local cutgoing tahle
gre two metched entry DIST(e;) + 1 < DIST ez}, then the entry £z in the local incoming table i
replaved by tlhe entry (NODE(eq], DIST (1) + 1, 5, J). Restart the entry timer of this entry. If
the entry e in the received cutgoing teble and the eantry £z in the loal outpoing table satisfies
NODE( £ p=MODE(cg), VIS (e ) + 1=DI5T ea), [F{ea) = J, thes restart the entey timer of the
entry eg. Note that the interface JJ is included in the received packet mantioned o 111

Y. When & router receives an outgoing table rnentioned 1o 1M1, it checks whether there exists an
entry in the cutgoing table of the lomal router whose NODE Beld s the same as the sender 5 of
this received cutgoing table. 1 there is not such an entry, then add the cnler (5,1, 5, F) and start
the timer for this entey, If thete is such an entry and itz IF field is the sune as J, then restart the
enbtry timer of thie emtry. The interface J iz what is included in the received packet mentioned in
ur.

If a router receives & packet from a source reuter 5 on the interface T, it will check the
entry in the local incoming table whose NODE ficld 12 5 to sce whethor the TFIN ficld cquala
the interface . If the IFIN feld squals the interface T, we say the packet comes on to the
proper interface. Only the packets coming on to the proper interface are processed, while
wther packets are dropped.

3.2 Broadcoast

When a router receives a broadesst packet sent by a source routler 8 il checks whelher
the incoming interfare of this packet matches with the mterface if(5) of the entry in the
incoming unicast routing table, If it matches, this packet & orwarded to all other interfaces
except the interface nf{3). Otherwise, this parket ia dropped.

3.2 DBootstrap

In order to obtain the C-RP information, all rowters within an MDPUN domain collect
hootatrap messages, The domain's BSR criginates the bootstrap messages and broadcasts
to all MPUN routers. Bootstrap message inclodes fields as [nflows:

Table 1. Bootstrap Measage
[HSI-I_ u::ldrﬁsn.| p'rin.rity|gr|:rup no. |gn:r1.1p arddreaal ]_U—_Hl-’ set'l]'- ' |gmup arddrees nl[l—l{[—" act 1‘1]

BSH address field is the IP address of BER, Prioxity field is the priority of the current
BSR. Each router in an MPUN domain bas unique pricrity. The “eroup oo indicates the
number of groups for which this BSR message advertises its C-RP set. For all i from 1 to
n, the “group address i fleld and “C-RP set i" field indicate that in this MPUN domain
the candidete BP for the group “group address i ia “C-RFP set +*. Dootstrap messages are
used to carry out a dynamic BSR election and to distribute C-RP set mformation to all
MPUN routers within the domain. The capdidate BER wilth the highest prionty will ke
elected as activ: BER. Bach conlter = configured as a candidate BSR as well as o C-RP. BSR
periodically brosuleasts bootstrap messages to all MIPUN routers. The bootatrap algorithm
i3 as follows

I. Each vouter starts & hootstrap-timer after initinting. Tf the bootatrap-timer expices, the couter
hroadrasts a bootatrap message, which includes its cwmn 11" addresa in the “BSN addreas™ field and
its own priarity in the “prority® feld, and filla in the “group no.” fisld and for all & from I ton
fills in “group addres= " and “{-RF eet " felds arcarding to ita cwn C-RP pocl.

II. The BSR broadocasts a bootstrap medsage periodically, Wheo the BSR otiginales a boolstrap
message, it fills in the “BSK address" field and “pricrity™ Geld with ita own IP address and ite own
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prierity. The BSR flls in the “C-RF set” fields and “group address" fields sccording to its C-
RP pool. Each MPUN router periodically semds G-HP advertissment to the corrent BSE and the
BSR puts il iula ils CG-BE peol =0 Lbal it s e lacluded o the “C-RP set* field In the Eollowing
boulstrap muessmpes,

ML When a reuter toccives a bootstrap mesasage, it first checks whether the bootatrap meanage
romes onto the proper interface, If the hootstrap message does not come onto the proper interface,
the message is dropped.

IV. If the bootstrap nressage comes onto the proper interface and the priority of the BSH
ncluded in this message is higher than the currently active BSR’s aod itzelf's, the receiviog router
atores the bootstrap message, that 18, stores the “BER address™ Geld of thie hootstrap messsge aa
the “carrent BSE address” and the C-BEFP aets information. TE restarts its bootstrap-timer. Then 1t
broadcasts this hootstrap message.

In an MPUN domain, all ronters negotiate a Hash function f that takes the group address
and candidatz RP's IF address =5 its variables. When a router wanta to know the HP for
a group (7, it selects the router from the C-RP =et at which the Hash function obtans its
maxipmm value. If the Hash function abtains its maximum value at more than ene C-RP,
it selects the one whose LP address i3 the smallest,

3.4 Creation and Maintenance of Shared RP Rooted Tree

Routers use route entries to maintain & noulticast distribution tree. We use the term
route entry to refer to the state maintaimed 0 a router to represent the distribution tree. A
route entry includes such Belds as Tollows:

Table 2. A Routs Entry
| group address | RF addresa | iif | eif-list | antry ticer | some ncher useful Rags |

The “gtonp addpess” field depotes the group that this eptry stands for. The “if" field
represetits Che only interface from which o nulticase packet can be acceptod. oif-list is the
interface st over which a multicast packet for the group must be sont. For each oif, the
router containing this entry sets an oif timer for it. We use the AP rooted tree as mnlticast
distribution tree. Any data packet will be distributed to all group members over the RP
rocted tree. In other words, the RF rooted distribution tree is shared by all members of 2
group and ie referred to as RI'T hereafter. The methed of creating the RI'T s described as
follows,

L Il a rouler wanls Lo participate o & group 7, it creales a roule enlry, slarls an solry-limer
for it and sends & JOIN message to the RF for the group 0 When the entry-timer expires and it
still wanls to rooelve packets [rom the yroop ©F or seod packels to the group &) i sends a JOIN
measage to the RP again and reatarts the entry tincer.

II. When the RP receives a JOIN meessage from B router, it will send a JOIN ACTK message ta
the sender of 1he JOIN message accordiog te Lhe noicasl routing Lable,

W When the intermediate ronter along the path from RF to the sender of the JOTN message
receives the JOIN ACCK mesmage from HF, it checks whether thare o a roule entry for this greup in
thi= intermediate router.

1V_If i has ool Lhe existing roote =titey lor this group, then it creales such a route cotry, adds
the intexface, over which it reaches the sender of the JOIN message acocrding to outgodng table, to
the oif-list of the newly created route cotry and atarts the entry timer for this entry and oif timer
for this oif. It alao fills in the “HP address” field and “iGf" field accordingly.

V. If thare already axiste a roule eolcy bul s oif-livl dess ool include (he ioleclace, ovar which
it reachea the sender of the JOIN message, then it adda this ioterface to the oif-list of this ronte
entry and rtarts the cif-timer for thir ontgning interface newly added. TEthere already existe A rante
entry and g olf-fiat includes the nterface, over which it reaches the sender of the JOIN inessapes,
then it restarts oif-timer for this cutgoing interface.

W1, Furward Lhis JOIN ACK mossage viz the next hop 1o the serder of JOIN message avcordiog
to outgoing lable,
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VII. When an cif-timer ocxpires, the corresponding interface is deleted fromn the entry's oif-list.
When the catey's vil-list becomes cmpty, the entry is deleted.

Fig.2 shows the process of joining a piulticeat group at
& node. In Fig.2, letters denote the routers. The numbers
beside the links represent the interfaces. The circled oum-
bera besjde the nodes denote the sequenced operations. The
operations are as follows:, @y to orcate zoute entry, group
address = 7, RP= O, iif={2}; @: to send JOIN mussag:
1w O {i.e, the RP), group address = &5 @:  to create route Fig.2

entry, group address = 7, TP= ', oif ={1}; &: to send JOIN ACK to 4, @ to create
& route entry, group address = G, RP= , oif = {1}, iif={3}; ®: to forward the JOIN
ACK towards A,

3.5 Processing of Multicast Date Packet

When a router receives a multicast data packet for 2 group &, I processes as follows,

I. Il there is not any route entry matching wish the group addreas in the data packet, 1= oo
entry's group addeess feld equals the address of group (7, this packet is dropped.

II. If there iz a matched entry, but the incoming interface of the packet i= different from the iaf
fiedd of the matching route sotey, then the packel s droppad.

TIL. Tf there is 2 matched entry and the iocoming interlace s the same as the 1if fisld of the
matched routs entry, then it forwards the packet to each interface included in the niflist of the
route entry.

4 Protoeol Verification

In thiz gection, we give some theoretic reaults coneetning the properties of the MPUN.

4.1 The Deoad Lock Free Property

In order to represent the routing protocol precisely and verify the protocol, we describe
the protocol using predicate/transition Petri net here. Fig.d is the predicate/trenmition net
T representing the process of creation and maintenance of RP rooted distribotion tres. In
this Petri nct, there are four positions F, A, IO and O, and six transitions tq, &5, 8, L4, In
and tg. We supposc that there are N routers in this network, and A, interfaces at pouter &
and L multicast groups. In the initial state, s}l the tokens are located in position F, which

AL
B, EF k) "@

pli, RF &}

IES
k- T=Tp

b J
kT s 73
o e [LEIEL
14758
[t by AR 15ke N

Fig.3. Peiri net & deecribing mmlticest roating mosasge disteibution.
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contains tokens {f,7.k}, t =1,..., L, 7 =1,.... M, k = 1,..., N and tokens {z,k}, 1 =
L...,L,k=1,...,N. Tl ioken {i,k:l  located In powition F'UOL mears that souker s not
a member of group <. If token {3 &, T) i bocated in position A, i means that router senn
JOIN meseage to RP at the momenl T sed now 1s & member of group +. I token {4, 7, k) is
loceted in position F), it means that whoeo couter & reoeives o message for group 5 it nood not
send this message onto interface §, otherwise if token {4, 7, %, T} is located in positien A it
should send message onto intetface § for group i In this Tetri net, there is a time parameter
i, whese value always equals the current time, For exarple, when transition $; Gres at time
T, it puts token {i, j, &, T}, in which T iz the time when transition fires, to position A.

In Fig.3, pli, R &} is the token set {{{, 7, k"Y' node k' is Jacated in the path from RP to
node k, 7 18 an nterface of node &' through which one can reach the node % according to
unicast routing lablel. When the teansition tz ot #5 fires, Il sonds token sot g+, RPE) to
position FT0 or CFC. This means that RP zendz JOIN ACK message to the JOIN message
sender &, and all the muters along the path from BRP to the JOIN message sender & will add
the corvesponding mterface to oif-list of the route entry for group £

Firing of transition #; means the following.

1) The router &, which is an intermediate router an the path from RP to a JOIN message

sender, receives a JOIN ACK message from RP far the group i

2) The router k can reach the JOIN message sender over interface j according to the

unicast routing.
3) In router &, there is not an entry for group 1 or the interface 7 is not in the cif-list of
this emtry for group 4.

41 Tf there is not such a route entry, then it creates one for group 4 and adds the interface
j to the oif list of the route entry for the group i. The router adds the interface § to
the aif-list of the route entry for the proup i

Firing of transition ?; means that this router itself wants to participate in the group 1
and it sends JOIN message to RP for the group 4. The conditions 1 < i< Land 1 <k < N
should ke chaerved.

Firing of traneition !y mesns that at the moment ! the timer for sending JOIN meesage
would expirs and the router k does not want to participate in group 1 aoymore. As a result,
some of the interfaces corresponding to pié, BP, &k} will expire and moay be deleted from the
oif-list of ronter & later by timeont mechanism,

Firing of transition £; means that the timer of the mterface j in the route entry for the
group i in router k has expired and the interface j must be deleted from the oif-list of the
route entry for group ¢ in router k.

Firing of trensition #; means that the timer for group i in router & has expired and it
still wants to participate in group i. Therefore it sends JOIN message again to the RP.

Firing of transition 4z means that the router k sends JOIN message to RP again, and
the RP sends JOIN ACK message beack to it and all intermediate routers from RP to router
k repet all timer for corresponding interface in the route entry for group .

Lebuna 1. Ne madler whe! slode the Prodicate/Tranesition rel B ir in, i con relurn to
the itdliel stote offer serial firings.

Procf. It iz obvious that after transitions t; and ¢ty fire several times, the place 4 is
empty and place F' contains all initial tokens. So the Predicate/Transition net E returns to
Lhe 1mitinl wtate,

Lemma 2. fr the inslinl stofe, uny fronsiiion i a fve,

Progf. There are § transilions in the Predicale/ Transition nel 2. Il = evideat that
trapsitions 1 and 2 are firable in the initial state. After the transition 1 or 2 18 [red,
transitions 3, 4, 5 and 6 are firable. 50 all traneitions are alive.

Lemuna 3. The PriT net T, iz alive.

FProof. Due to Property 1 and Proparty 2, it is evident that the Pr/T net %, in alive.
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From Lemma 3, we can conclude that the routing protocol MPUN i6 deadlock fee.

4.2 Correctness of BPT Tree

Lemma 4. The group & apecific AP rooted distribution trec conteine afl membere of the
group

Proaf. Let ¥ — (D, F) be the direcled graph of uni-directional network we discussed.
It 15 evident that the B reoted distobution tree for group G contains the router Aq, if
and only if Ar(Ar, 42042 --- Anoy{An—1, Ar)dn is a path in the graph N, Le. A; € D,
i=12.. ., (A A-) € E,i=12...,n— 1,4, = RP and there is an entry for the
group & in router A4, and the iaterface from A, to A,41 I8 included in the oif-list of this
route entry for all ¢ from L to n — 1. Now let A, be a member of the group 7. According
to protocal MPUN we described shove, the touler Ay must periodically send JOIN message
to RP [or group ©F and RP also sends JOIN ACK bo router Ag, As o cesult esch rouler 4;
along the path from RP to A, creates a ronle enlty Jor group O and adds comresponding
interface from Ay to A, o the vil-list of the route entry for group € or estarts oif-timer
of the relsted Interface. In other words, as long s Ag I o moember of group &) RP rooked
distribation tree gondaans the ronter Ay

4.3 Vnigueness of BSH in an MPUN Domain

Lemma 5. fn the MPUN domein, only one mouter can be elected e BSR.

Froof. Suppose router A bas the highest priority. When it receives a B3R message, it
can detect thal Lhe priority of itsell is higher 30 14 will not store Lhis BSH ipessage.  As
a resull the bootslrap tiner expires aod L broadcasts BSR message whose B3R addresy
Gield is Lhe sddress of s TP addeess, Any rouler in the MPUN domain receiving thiv BSHE
messapy Will select 11 as bootsteap rowter a8 the pelority of router Is higher. In other words,
ouly router A will e elecied as boctsteap tauter,

5 Simulation

A simulation experiment for the MPUN proposed above has been made. A simnlator
has bean created in a Network OFf Workstation (NOW) environment in our laboratory and
10 1138 RS-6000 workstations are exploited. T'he architecture of the simulator i3 shown as
Fip.4.

# The “Virtnal Nelwork' maodular provides an mterlface for npper
modular. It provides an interface for npper modular and makes the
Ethernet §ook ke a un-directional netwock. In other words, we
make a simulated uni-directional network. Each node has 2 text file
deecribing the topology of the uni-directional petwork. At the wory
beginning, the modular Virtual Network reads this file and estab-
liches necessary TCP conpections between pairs of nodes according
to the topolopy of uni-directionsl network. Nodes exchange routing
messagey on these I'OF connections. A pede only processes mes-
wages [rom the appropriate nodes acconding o Lhe wopology of Lhe
uni-tdirectional network.

& UPUN implements the unicast protocol for uni-directional Flg4. The simulated
oetwork[?]. It periodically sends routing incoming routing table
and outgoing routing table to neighboring son nodes, to which there
iz a uni-ditectwnal Tink from this dode, on the cormespunding sockels created by “Virtual
Metwrork” modular. Using these routing meeszages, TTPLIN can establish unicast routing table
according to the algorithms in Sobszection 3.1.1 and Subsection 3.1.2.

Yirtual Metwork

architecture of MPUN,
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« MPUN 15 a modular that implements the muliicast protacol for uni-directional network
we described 1o Seclion 3, I coplains three major pars.

# 1t handles boctetrap messuge as described in Subsection 3.3. It maintaine a takle,
which maps a group to ite current RP.

# It contalny 2 module processing altending group reguest ss deseribed in Subsection
3.4 That i, it peoodically sends attending request to the RI? of the group. When
this module receives a guit gromp request, it stops sending attending request to the
RP of the group. As a resolt, the correaponding routing entry in each intermediate
node of the muolticast tree for this multicast grounp will be deleted aceording to
time-out mechanism,

# Tt also contains o module, which Listens to the incoming routing messages on incom
ing interface aockets by selecting system call. Some procedures are weked up by
coming multicast rauting message to process the multicast routing message. Steps
III through VI of the algerithm in Subsection 3.4 describe the method applied by
thiz maodule. '

& The command interpreter explains a few commands, Mow it can process the commands
guch a= participating in & group, quitting a group and transmitting a file.

Ar the packel format is insipnificant in this case, it is vmitted bere. The experiment
indicates that the MPUN worke well on sitnple uni-directional network.

6 Conclusion

Developing a ronting protocol over uni-directional networks is a task of importance, A
good routing protocol for uni-directional networks will certainly promote the development of
mobille computing and exploitation of satellite resources. The simuiation experience shows
that the proteeol proposed in this paper = an lmplementable multicast routing protocol
for uni-diractional network, Before the protocol rups oo practical systems, there are still
further teshs to finish such ss enhancing the performance of the protocol apd implementing
a protetype. To evaluate 1ta real performance, we will de some simalsticon in the nesr future.
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