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Abstract

Many hierarchical reliable multicast (HRM) protocols deploy repair proxies that perform
local recovery and feedback consolidation. Placement of proxies is a key design issue in
HRM network. The objective of Greedy-MRS algorithm is to place the HRM proxy in a single
iteration, but it requires communication with routers frequently to find the efficient proxy.
The objective of preprocessing step is to communicate with routers to implement Greedy—
MRS algorithm with minimum number of communications between routers. Space needed in
the router to store data to find efficient placement of proxies for HRM network is constant
and it is independent of number of children. Simulation results indicate that this
preprocessing step providing good levels of space and communication complexity and
scalability of this algorithm depends on height of subtree.
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1. Introduction

As computer systems have been widely used, Internet, which is a network-of-
network, has been greatly developed and rapidly spread all over the world. In addition
to unicast transmissions of point-to-point, multicast transmissions of one-to-many and
many-to-many have been recently used [1], [2]. A ubiquitous and efficient multicast
data delivery service is essential to the success of large-scale group communication
applications. Various improvements for their performances from the view points of both
hardware and software have been suggested and practiced. In particular, to improve
reliability and scalability of multicast, reliable multicast was proposed with a number
of recovery techniques. Most multicast transport protocols emphasize scalability as a
fundamental design goal.

For instance, protocols that need to scale should use receiver-based reliability [3]
through negative acknowledgement (NAK) or acknowledgement (ACK) and employ
some form of feedback control to avoid feedback implosion [4].

Furthermore, protocols targeted at very large groups usually do not assume
knowledge of group membership. Sources simply send to a multicast group address and
receivers will join to that group to receive data. Scalability also requires protocol
functionality to be distributed to avoid bottlenecks (and, of course, single points of
failure).

An efficient approach to address scalability problems is the tree-based hierarchical
proxy approach, dividing a multicast distribution tree (multicast group) into several
subtrees (subgroups) to form a hierarchy rooted at the source. A representative node,
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called proxy or designated local replier, is designed to detect packet loss and arrange
retransmission inside each subgroup. Thus the incidence of implosion and exposure are
suppressed significantly. Meanwhile, bandwidth is saved, enabling large-scale reliable
multicast. Moreover, recovery latency is reduced because retransmission comes from a
proxy located much more close than the source. Many existing reliable multicast
protocol follow this approach [3,10-15,18], e.g. SRM, RMP, LBRM, RMTP, TMTP,
PGM and LMS.

Greedy-MRS[5] is one such approach, to design an efficient algorithm for the
calculation of an approximate solution to the placement of proxies[17,19,20] for
optimal performance in HRM, but this algorithm is not discussing about
communication between routers to implement it. This paper designs an approach to
coordinate with routers to implement Greedy-MRS algorithm.

2. HRM model

This paper assumes the HRM model [5,16] of the following characteristics.

(1) Consider a single-sender multicast tree where the root is the unique sender, all
nodes are receivers and some of them can be act as a proxy node.

(2) The multicast distribution tree (multicast group) is divided into several subtrees
(subgroups) to form a hierarchy rooted at the source.

(3) The root of each subtree acts as the proxy inside the subgroup, but as an ordinary
member inside the upstream subgroup. The sender itself is a proxy by default.

(4) The topology of the tree is static (IP multicast tree), and loss probabilities at the
links and number of children of all intermediate nodes are given.

(5) Proxy multicasts the original data to its own subgroup. Each receiver sends
feedback (NAK) to its own proxy when a packet loss is detected, and the proxy
retransmits the lost packet to the whole subgroup. We assume that all feedback packets
are delivered via an out-of-band channel, so all feedback packets are delivered safely to
repair servers. This assumption is also used in [5].

2.1 Greedy-MRS algorithm

The algorithm [5] tries to minimize the number of total link transmissions by
maximizing the reduction caused by the placement of proxies. An optimal group
partition algorithm is to partition the subtree rooted at a potential node to incur the
maximum reduction. The node that can achieve the maximum reduction is placed as
proxy in a single iteration to achieve local optimal solution, thus, a global suboptimal
solution is achieved finally. The calculation of transmission reduction and selection of
new proxy which incurs maximum reduction is the significant step of this algorithm.
The transmission reduction in total link transmissions caused by placing node v as the
proxy of the entire subtree T, as follows:
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Re duction(v) = Z (E[M (APV V) —E'TM (V)]) * p(v,i) *ch, (v)

ieSG(V)

reduction inside the sub group SG(v)
(E[M (AR,)]-E'IM(AR)])* p(APR,, j) *ch; (AR,)

reduction outside the subgroup SG(v)

+ ZJE(SG(APV)—SG(V))U v)

1

where E[M(i)] and E’[M(i)] are the values of the E[M] measure seen on node i
before and after the placement of new proxy, respectively. The calculation of E[M]
from bottom-up way was proposed in [4] and Reduction(v) in [5] elaborately.

Greedy MRS algorithm can be introduced into network routers (or layer-3 switches)
that support HRM protocols. Once proxies are needed, these routers would cooperate
with each other to select the appropriate ones to be proxies. However, acting as proxies
and supporting Greedy-MRS require more storage and processing power, and
therefore more expensive to operate than normal routers. The more routers support
Greedy-MRS in HRM networks, the better solution Greedy-MRS provides. The
solution can perform best if all routers support Greedy-MRS. The technique that how
these routers coordinate with each other to implement this algorithm is not discussed
elaborately in Liansheng Tan et.al.

2.2 Preprocessing algorithm description

The approach, the proposed preprocessing step of Greedy-MRS algorithm requires
minimum number of communication between routers and size of buffer space required
in routers is independent of number of children of the node. It does the following
operation to simplify the router work to implement Greedy-MRS efficiently.

o Greedy-MRS algorithm calculates transmission reduction to select an efficient
proxy. To calculate transmission reduction of each intermediate node v (reduction(v)),
Eqn. 1 requires the following information :

Probability of node v successfully receives a packet from assigned proxy node AP,
p(APv, v).

Expected number of transmission for each intermediate nodev  E[M(V)]
Expected number of transmission for assigned proxy of node v (AP,)  E[M(AP,)]

Expected number of transmissions for node v and AP,, after placement of proxies
E’[M(v)], E’[M(AP,)].

Partial multiplications p(v, i)*ch; (v) and p(AP,,j)*ch;(AP,)
Degree of congestion on node i E[M(i)]/(1-pi)
e Initially, a Source Path Message (SPM)[6] starts at the source called as setup

packet helps to store parent node address and calculate probability of node receives a
packet from proxy node p(APv, v).
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e After receiving a SPM packet, children nodes prepare refresh packet to calculate
expected number of transmissions from bottom up level such as E[M(AP,)],
E’[M(AP))], E[M(V)], E’[M(v)], p(AP,,v) and partial multiplications to compute
transmission reduction.

e Intermediate routers calculate transmission reduction value with assistance of
SPM and refresh packets and send to proxy node to select a new proxy which has
highest transmission reduction value.

2.2.1 Source path message (SPM): Source periodically emits SPM packets
downstream side to establish a source path state. Each SPM contains the address of the
parent node that it came from; Routers replace this address with their own when they
forward an SPM, so that their children will know their parent. Routers support Greedy-
MRS, use this information to determine the unicast path back to the source for
forwarding E[M] and partial multiplication results.

In addition to parent node address, each node calculates the Eqn.(2) recursively and
forward with SPM packet downwards. SPM called as setup packet calculates the
probability of each node v receives a packet correctly from an upstream node u and
forward towards downstream. The probability that node v receives a packet correctly
from an upstream node u is:

p(u,v)= (1, if v=u;
[[@-p)itv=u
ie(uy)

)

where (u, v) is the route between node u and node v, i is an intermediate node on (u,
v), with link loss probability p;. @

SPM Path

Figure 1. SPM path to find parent node address and p(u,v)

For example, In Figure 1 when node 1 receives a setup packet from node 0, it assigns
parent node address as 0 and p(0,1) in table and forwards updated information to node 2
as shown in Table 1.

2.2.2 Refresh packet : A unicast packet send towards upstream direction to calculate
expected number of transmissions from bottom up level such as E[M(APV)],
E’[M(APV)], E[M(V)], E’[M(V)], p(APv,v) and partial multiplications to compute
transmission reduction.
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Table 1. Information maintained by the node after receiving a SPM path

Node i Parent address IT @-p)

0 - 1

1 0 1-p1

2 1 (1-p1)*(1-p2)

3 2 (1-p1)(1-p2)(1-p3)

2.2.2.1 Expected number of transmissions (E [M]) : A commonly used measure in
the performance analysis of reliable multicast is E[M] that first appeared in [7]. It is
defined as the expected number of transmissions per packet from a node required for
reliable delivery to all receivers below. We calculate the E[M] [4] measure by using an
approach to find the equivalent link of an arbitrary topology composed of several links
in a bottom up way. To calculate Reduction (v) for all node, E[M] should be calculated
at leaves and its value forward towards the proxy. p; is the loss probability on the link
leading to node i,

Each node stores E[M] value and same is transferred to parent nodes to calculate
E[M]. For example, consider the Figure 2 and Figure 3, E[M(1)] will be stored in the
intermediate node and transferred to node 0, to calculate E[M(0)]. This process is
repeated till packet reaches the proxy node.

O—(—2—>)
P1 P2 Ps

Figure 2. Calculation of £/MJfor three links in a row

1
E[M(2)]=
[M(2)] i-p.)
E[M ()] = = E[M (2)]—
(1_ pz)(l_ p3) 1- P,
1 1
E[M(0)]= =E[M(L
[ ( )] (1_ pl)(l_ pz)(l_ p3) [ ( )]1_ pl
(3).(4).(5)
p2
pl
P3

Figure 3. Calculation of £/M]for tree type network
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M@l —r -+, 1
1- p2,3 1- P, 1- Ps 1- P2 Ps
1 1 1
E[M (0)] = = = E[M (1]
1-p,s @-p)A-p,3) 1-p,

(6), (7)
2.2.2.2 Partial multiplication: To calculate the transmission reduction in total link
transmissions caused by placing node v as the proxy of the entire subtree T,, Greedy-

MRS requires Egn. 1.

Figure 4. A HRM model with group (AP,) and subgroup v.
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It can be expanded as follows:

Re duction(v) = (E[M (AP,)* p(AP,,v) — E [M (v)])* p(v,v) *ch, (v)
+(EIM (AP,)* p(AR,,v) — E [M (V)])* p(v,i,) *ch; (v)
+(E[M (APR,)* p(AR,,v) — E [M(V)]) * p(v,i,)*ch, (v)
+E(M(AP,)* p(AR,,v) — E [M()])* p(v,i;) *ch; (v)

+E[M (AP,)* p(AP,,v) - E [M(W)])* p(v,i,) *ch, (V)
Reduction inside the subgroup SG(v)
+(E(M(AP,)—E[M (AP)])* p(AP,, AP,)*ch,, (AR)
+(E(M(AP,) —E[M(APR,)])* p(AP,,v) *ch, (AP,)
+(E(M(AP,) —E[M(AR))* p(AP,, j;)*ch; (AR))
+(E(M(AP,) - E[M(APR)])* p(APR,, j,) *ch; (AP,)
+(E(M(APR,) - E'[M(AR)])* p(AR,, j;) *ch; (AR))

+(E(M(AP,)~E [M(AP)])* p(AR,, j,) *ch; (AR,)
Reduction outside the subgroup SG(v)

®)

Where V,iy,ia, i3 ... i, are members of SG(v), APy, V, ji,j2.j3 ... jn are members of

SG(AP,) and ch,(AP,) is the number of the children of node v, whose assigned proxy
is node AP, as shown in Figure 4. Eqn. 8 can be written as

Reduction(v) = (E[M (AP,)* p(AP,,v) —E [M (v)])
*(p(v,v)*ch, (V) +p(v,iz) *ch;; (V) + p(v,i,) *ch;, (V) + p(viiz) *ch (v). . .
+ p(V’in)*Chin (V))

reduction inside the subgroup SG(v)
+(E[M(AR)]-E[M (AR)])*(P(AR,, AR,) *ch,p, (AR,) + P(AP,,v) *ch, (AR,)
P(APy, j;)*ch;, (AP, ) + (AP, j,) *ch, (AP,) + p(AP,, j;) *chy; (AR, ). . .
+P(AP,, j,)*ch;,(AR,)

reduction outside the subgroup SG(v)

9)

In general p(v,i)*chi(v) is denoted as pmult(i) and it is termed as partial
multiplication. The partial multiplication for reduction inside the group started at
leaves and updated in parent nodes. It can be written as
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p(v.i,)*ch;, (v) =pmult(i,)

p(v,i5)*chi,(v) = pmult(i,)

p(v,i,)*chy, (v) = pmult(i,)

p(v, il) *ch i1 (V)= meIt(il)
p(v,v)*ch, (v) = pmult(v) =ch, (v)

where p(v,v)=1

For example, partial multiplication stored in the node i, to calculate reduction(iy.,)
is pmult(in)+ pmult(i,.;)+ pmult(i,..) and partial multiplication to carry over the result
to parent node is (pmult(in)+ pmult(in-1))* p(V, in-2+(P(V,in-2)*chn2(v)). This recursive
procedure is repeated till packet reaches the proxy node. Partial multiplication for
reduction outside the group started at leaves and updated in parent nodes. It can be
written as

p(APv ! jn ) *Ch jn (APV ) = meIt(Jn)

p(APV ) Js) *Chjs (APv) = meIt(j3)
p(APV ) Jz) *ch j2 (APV) = meIt(jz)
P(AP,, j,) *ch; (AP, ) = pmult(j, )
P(AP,,v)*ch, (AP,) = pmult(j, )
P(AP,,AP,)*ch i, (AP,) = pmult(AP,) =ch ., (AP,)
where p(AP,,AP,)=1

For example, we obtain a recursive form to calculate partial multiplication to carry
over the result to parent node j,., as follows:

meIt(Jn) + meIt(jn—l) + meIt(jn—Z)
This recursive procedure is repeated till packet reaches the proxy node.

3. Modified greedy-MRS algorithm

The modified Greedy-MRS algorithm coordinates with routers to calculate
transmission reduction with the help of setup and refresh procedure. A setup function
uses multicast message(SPM), which starts at source node to find parent node address
and p(AP,,i). A refresh function uses refresh packet starts at leaf nodes to calculate
E[M],E’[M], d; and pmult(v,i) at each intermediate node. The refresh packet update
above values in each intermediate node and carries this from leaf node to proxy node.
Intermediate node stores above values in a table and it is independent of number of
children.
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Algorithm Greedy-MRS (k, N)

Inputs

k: the number of proxies

N: the set of nodes in the multicast tree T;
Output

P: the set of proxies

Assumtions

N={S,j1sj2s++JnsVsitsizyeeein} Set of nodes in the multicast group.

Initially AP,=s AP — Assigned Proxy. Initially source is the
Assigned proxy node for the whole group.

begin

1. P={s},n=0

2. setup(s)

3.forallle N where | is a leaf node

4. refresh (1)

5. forallue N {AP,=s}

6. while n<k do

7. for all ue N calculate reduction(u) with the maximum reduction algorithm
8. Find u e N such that reduction(u) is the greatest
9.for all ve B,

10. for all 1T,

11. {if APi is not a descendant of v then APi=v}
12 P=P+{u}, n=n+1

13. end while;

end

Function setup(s)

Assumptions :

Each setup packet has following information

Parent_addr

Pr_loss pr_loss = p(s,i)

1. Source node s multicast setup packet to all the members in the group
Parent_addr=s
Pr_loss=P(0,0)=1

2. A node i receiving a setup packet, update the following detail in its table
Parent_addr; = Parent_addr
Pr_loss=Pr_loss*(1-p(s,i))

3. Each node update the following detail in Packet
Parent_addr=addr;
Pr_loss=Pr_loss

4.  Step 2 & 3 will be repeated till setup packet reaches the leaf node.

Function refesh(l)

Assumtions
Each refresh packet starts from leaf node has the following information
E[M] Expected no. of transmissions
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pmult(i) Partial multiplication to calculate the
reduction inside the subgroup
pmult(j) Partial multiplication to calculate the

reduction outside the subgroup

1. Leaf node unicast the following information to its parent node
E[M]
pmult(i)
pmult(j)

2. Anintermediate node i receiving a refresh packet update the following detail in the
table and forward to upstream.
a. Anintermediate node of case-1(as shown in Fig. 2)calculates E[M] as follows:

EM]=—+ * 2

l1-p 1-p,

b.  Anintermediate node of case-2(as shown in Fig. 3)calculates E[M] as follows:

E[M]= L + t 1

1_p1 1_p2 1_p1,2

c.  Partial multiplication to calculate reduction inside the subgroup is
pmult(i)=ch;(v)*p(v,i)
pmult(j)=ch;(AP,)*p(AP,.j)

3. Step 2 will be repeated till refresh packet reaches the source node.

Greedy-MRS function executes setup and refreshes functions repeatedly, until k numbers
of proxies are placed.

4. Computation procedure on example topology

0.001

0.001

(4)
0.006 0.006 0.3 / / ED
0.009 0.4 04
& ® OO Oo

Figure 5. An example topology
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Now we describe the computation procedure of reduction (5) on a simple example
topology in Figure 5. The tree topology consists of 15 nodes, node O is the sender,
colored nodes are proxies. Proxies are selected based on transmission reduction value.
Initially node O executes Greedy-MRS to select a new proxy. Each intermediate node
calculates transmission reduction (reduction (i)) value to select a new proxy. For
example reduction (5) can be expressed as

reduction(5) = (E[M(0)] * p(0,5) — E’[M(5)] ) * p(5,5)*chs(5) +
EIMO] *p(05) - E'IME)) * p(5,13)*ch13(E) + L'
(EIM(0)] * p(0,5) - E’[M(5)] ) * p(5,14)*ch14(5) +

reduction inside the

(" (EIM(O)I-E’M(0)*p(0,0)*che(0) + "\
(EIM(0)]-E’[M(0))*p(0,1)*chy(0) +
(EIM(0)]-E’[M(0))*p(0,2)*ch,(0) +
b

-E’ *p(0,6)*chg + . .
(EIM(0)]-E"[M(0))*p(0.3)*chs(0) + reduction outside the SG(5)
(EIM(0)]-E*[M(0))*p(0,7)*ch,(0) +
(EIM(0)]-E’[M(0))*p(0,8)*chs(0) +
(EIM(0)]-E’[M(0))*p(0,4)*ch,(0) +
(EIM(0)]-E*[M(0))*p(0,9)*chy(0) +
(EIM(0)]-E’[M(0))*p(0,10)*chyo(0) +
(EIM(0)]-E*[M(0))*p(0,11)*chy(0) +
(E[M(O)]-E’[M(O))*p(0,12)*6212(0) +
E[M(0)]-E’[M(0))*p(0,13)*ch,5(0
K([ (0)]-E*[M(0))*p(0,13) 3()/

A setup packet starts from source computes the following using Eqn. 2 recursively
till it reaches leaf node.
p(0,0)=1
p(0,1)=p(0,0)*p(0,1)
p(0,2)=p(0,1)*p(1,2) ....
Since refresh function follows bottom-up approach, the computations must be
performed on the leaf nodes first. Routers inside the SG(5) calculate partial
multiplication and E[M] .

p(5,13) * chy3(5) - pmult(13)

p(5,14) * chy(5) - pmult(14)

p(5,5) * chs(5) - pmult(5) =chs(5) where p(5,5)=1
E’[M(S)] = 1/1-p13+1/1-p14-1/1-p13,p14

Node 5 stores E’[M(5)] and partial multiplication to compute reduction inside the
subgroup SG(5).

= pmult(13)+pmult(14)+(1*chs(5))

Partial multiplication values to calculate reduction outside the subgroup SG(5) are
as follows
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p(0,9) *chg(0) = pmult(9)
p(0,10) * chyo(0) = pmult(10)
p(0,11) * chy1(0) = pmult(11)
p(0,12) * chy,(0) = pmult(12)
p(0,7) * chz(0) = pmult(7)
p(0,8) * chg(0) = pmult(8)
p(0,5) * chs(0) = pmult(5)
p(0,6) * ches(0) = pmult(6)
p(0,2) * ch,(0) = pmult(2)
p(0,3) * chs(0) = pmult(3)
p(0,4) * chy(0) = pmult(4)
p(0,1) * chy(0) = pmult(1)
p(0,0) * chy(0) = pmult(0) = chg(0) where p(0,0) =1

Partial multiplication calculated at step 4 is stored in the node 0, and expected
number of transmission E[M(0)] will be transferred to all the nodes downstream using
multicast. Now Node 5 has partial multiplication for inside and outside the group,
E[M(5)], E[M(0)], E’[M(0)]. It computes reduction(5) and send it to proxy. This is the
way all intermediate nodes calculate reduction(v). Proxy node compares all the
reduction values and selects a new node as a proxy, which has highest reduction value.

Each Router, i have to maintain the following detail to implement Greedy-MRS
algorithm. This is shown in Table 2 for router 5.

Table 2. Data stored in node 5 to calculate reduction(5)

Nod p; No.of  p(APi,i) E[M()] E[M(API)] pmult (inside the pmult (outside the

ei children subgroup i) subgroup i)
5 Ps 2 p(0,5) E[M(5)] E[M(0)] pmult(13)+pmult(1  pmult(9)+pmult(10
4) +(1*chs(5)) ) ... +1*chy(0)
5. Simulation

In order to evaluate the behavior and performance of the existing and proposed
scheme, we built a simulation environment using the NS-2.30[8] simulator from U.C.
Berkeley/LNBL. NS is a discrete event simulator targeted at networking research. NS
allows the user to define arbitrary network topologies, composed of routers, links and
shared media. A rich set of built-in and contributed protocol agents are available for
selection. The user may instantiate these agents and attaches certain protocols to nodes
on the topology. The topologies for simulation are generated by the GT-ITM tool [9].
The simulation is viewed using Network Animator (NAM). NAM is a Tcl/Tk based
animation tool for viewing network simulation traces and network link to be a
bidirectional with a bandwidth of 15Mb and delay is 10ms. Height of the tree is 4 with
probability of loss is fixed randomly. We fixed 4 numbers of proxies including sender
node.

5.1. Space complexity

To find reduction (v), algorithm retrieves 7 number of information from the table and
it receives 2 number of information from the proxy node. This preprocessing step
updates the table for each new proxy selection as shown in Table 2. The number of
information processed by proxy node to calculate transmission reduction is same in all
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nodes, which is independent of number of children of intermediate node. Therefore
space complexity of reduction (v) is independent number of children.

5.2. Communication complexity

In these experiments, we use the mean time to measure the effectiveness of this
preprocessing step. The mean time is calculated by averaging time spent between
sending a setup packet and calculation of reduction(v).

0.12

0.1 4

0.08 -

mean time

—e— Proposed

0.06 algorithm

0.04

0.02

0 T
1

2 3
Number of proxies

Figure 6. Mean time when number of proxies is varied.

childre%eproxy-rImesetuD ~TIMe reduction

Mean time =

no. of children in the proxy

0.006

o 0{/04\%}@@
0.006 @

Figure 7. (a) Subtree Ty (b) Subtree T,
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Table 3. Comparison of mean time for tree height 3 and 1.

Height of T, Node i Mean time to Average
Subtree T, calculate
reduction(i)
0 0.065216
1 0.075835
To 3 3 0.086453 0.0843296
7 0.097072
8 0.097072
4 0.021739
9 0.032357
T, 1 10 0.032357 0.0302334
11 0.032357
12 0.032357
0.12
0.1 -
o 0.08 -
g —e— Tree height 3
= 0.06 - ,
s —s— Tree height 1
= 0.04 -
./I L L a
0.02
0
1 2 3 4 5
Node Number

Fiaure 8. Combarison of averaae mean time for tree heiaht 3 and 1.

Simulation results are shown in Fig. 6 for number of proxies varies from 1 to 4 with
tree height 4. From these results we found that, if we increase the number of proxies,
the mean time to calculate reduction (v) is decreased. From the shape of curve, we
found that the difference between mean times is reduced when we have more number of
proxies and it is practically difficult to choose the best value of k(humber of proxies in
the tree). Therefore fixing k value by the source is not the best solution as mentioned in
the Greedy-MRS algorithm. Also workload of proxy is depends on the reliability level
of subgroup not on the number of members in the subgroup. Therefore the new proxy
selection process distributed to subgroup instead of source node is the alternative
solution. This solution significantly reduces the number of communication between
routers. The communication complexity of algorithm is depends on the height of sub
tree not on the tree height. Finally, the communication complexity of our proposed
algorithm is O (d) where d is the depth of subtree.
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5.3. Scalability

Scalability is a critical issue for multicast applications. Greedy-MRS algorithm
collecting information from children nodes to calculate transmission reduction
(reduction(i)). For example, Figure 7a. and 7b. are subtrees TO, T4 of height 3 and 1
respectively. To select a new proxy, each node calculate reduction(i). Its experimental
results are shown in Table 3 and Figure 8. From these results, we found that mean time
to calculate reduction is depends on height of the subtree. The following results once
again proves that scalability of this algorithm is mainly depends height of subtree Tv,
where v is a proxy node.

6. Conclusion

The proposed preprocessing extension helps to implement Greedy-MRS algorithm
with less number of communication between routers and maintains less state
information at the routers. This algorithm maintains a table in each router of size 7 to
implement Greedy-MRS. Initially, it requires a multicast communication to transfer a
setup packet from sender to all its children and children have to send unicast packet to
sender to update the table. After this initialization, each proxy has to send partial
multiplication and E[M(i)] values to its children to find maximum reduction values. An
existing proxy node selects a new proxy node which has maximum reduction value. For
every new proxy selection, a proxy has to send a message to its children to compute a
new reduction values.

This paper found a step to communicate between routers to implement Greedy-MRS
algorithm. Numerical example and simulation results shows that, it requires same size
of table in all nodes to store information to calculate reduction and it reduces average
mean time while increasing number of proxies. The preprocessing step reduces the
workload of router significantly.
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