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Abstract

Multicast is a bandwidth efficient mechanism for delivering the same data to
multiple receivers simultancously. In this paper, a well-organized method to build
source specific multicast trees is proposed. This algorithm aims at reaching a high
traffic balance in the network in order 1o avoid bandwidth bottlenecks and
consequent network partitions, one of the main causes for low network performance,
To do so, it computes multicast trees by dynamically selecting the least loaded
available paths, obtaining an optimal distribution of network resources, Strictly
integrated with the DiffServ Quality of Service (QoS) approach, the proposed
multirate native multicast algorithm maps the QoS service requested by receivers into
the proper DiffServ class, 5o as to respect the expected QoS requirements. The results
arc a better leverage of the network bandwidth resources, an improved QoS perceived
by multicast group members, and time and resource saving due to its low
computational complexity, as shown through general C++ based simulation,

1. Introduction and Background

In unicast transmissions the sender transmits data to a single receiver and, if multiple receivers
wamloreceiw:lhesamedmeontmt,thcsenderhutou'anmitmulﬁplewpiesofdnm. In
multicast transmission, differently, the sender transmits only one copy of data that is delivered to
multiple receivers. One of the most challenging objectives in multicasting is to minimize the
amount of network resources employed to compute and setup multicast trees [1][2]. In multicast
communication the routing problem is to find the minimum-weight tree that spans all the nodes
in the multicast group [3][4].

In source specific multicast communications only one node in the multicast group sends data
while all the other member nodes receive data. A tree that spans all member nodes is said
multicast tree. A source-rooted tree has the source node as root and is optimized for source
specific multicast communications.

The classical optimization problem in multicast routing is the Steiner tree problem in
networks (SPN) [5] whose objective is to find the least-cost tree connecting the source with the
group of destinations with the minimum total cost over all links. If each destination has a
bandwidth requirement, then the problem is to find the least-cost tree that respects the bandwidth
requirements on cach path from the source to the receiver. Since both these two problems are
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The remainder of the paper is organized as follows. . T
In section 11, the proposed multicast algorithm for source specific applications in both non-
QoS-aware (1I-A) and QoS-aware (11-B) networks is presented. In section I11 we show Inumenul_
results through a general simulation ran on an ad-hoe C++ simulator. Finally, in section IV we

conclude the paper.

2. Proposed Algorithm

This algorithm focuses on the problem of bandwidth bottlenecks, one of the main reasons for
Iowmmkpufommc.Themnlﬁcutmermwdmisbuﬂlhyclmosingthmcpllhslhu
result least loaded to obtain a smooth load balancing in order to achieve an optimal distribution
of network resources and thus maximize the number of constructed multicast trees.

A. Non-QoS-aware Networks Scenario ]
Let us consider 8 multirate multicast scenario where receivers ask for different rates [6](7). lfki
channels with mate {w;, .. wx} are used in the layering scheme, then X cumulative rate L. Ly
are available.

The algorithm proceeds as it follows.

Let 5 be the source node and let us suppose that the multicast group is made up of M receivers. 1

* Step 0z g
Receivers are ordered from the highest rate to the lowest one. At the end of this step we have an
ordered set of M receivers {ry, ... ry}. with demanded cumulative rates F; 2 Fy 2 .2 Fy
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(F (L.l j = 1,...M). Receivers from ry 10 ry are connected to the source node

progressively. In this way, receiver r; can reuse resources already exploited on paths from the
+ Source 1o receivers ry,...,r;.;. These receivers, in fact, ask for rates FieF;2...2F,  >2F, Let

Spa(s,re) be the set of all feasible paths from s to 7y A path p(s,ry) from source s to receiver ryis

feasible if by, 2 F for all its links, where b, is the available bandwidth in link (i,v).

*Stepk k=1,..M:

The algorithm chooses the path p(s,r,) e S e (5,1,) that minimizes the following function:

q,
Spts,n)}= =
i It-.uéu.n (-p,.)

d Y PSR)ES 4 (s,n) (1
" 1) is the link (u,v) utilization and it is defined as:

po=2eCab) Bzl

~ Where B,, is the total bandwidth capacity of link (,v), F is the bandwidth exploited on link
. (u,v) by receiverryand f,, = b, —F, is the residual bandwidth of link (u,v).

- 2) The exponent & =(V},|E}, F,, B) in eq. 1 is a function of the number of nodes |¥], the number
. of links |E] , the average rate Fdﬁmndedbymdvmmdmewmgauemrkﬁnkbmdwidth

B. According to accurate empirical observations (described hereafter) supported by general
. simulation results, the exponent & in eq. 1 has been chosen as:

a=a(]V].[EI,f.i)=a.=xp{—b.m|§il_—m}.up{—c.§:} @

Coefficients g, b, ¢ have been determined by solving the following minimization problem of
the quadratic error between the exponent model in eq. 3 and the experimental results:

min ih-nd?l,-lfsl-ﬁ.ﬁf ae[03],be[04c] (4)

Starting from a set of points I'={(V|,| E|,F,B),i=1,.,N}, the optimum exponent was
experimentally obtained for each point (¥ |,,| £|,, F;, B) € T of the set.

The coefficient & has been chosen belonging to the interval [0,3] after an accurate tuning of
the model. Optimal values of g, b, ¢ of the minimization problem (4)are a=3,b=39 and c =
16.9.

Let us now come back to eq, 3 to justify why the variable aggregations 7/ and IEVI(IVI-
1)) are suitable to model the exponent in eq. 1.

By decreasing the value of @, the length of paths found by the algorithm is reduced because

‘the difference between the metric of loaded links and the metric of unloaded links is reduced. It
could be necessary to reduce the length of paths used by the multicast tree when the average rate
F demanded by 'the receivers grows or when the average network bandwidth B decreases. In
fact, the higher the value of F, or the lower the value of B, the more resources on each link are
consumed by a single path. Thus, short paths have to be preferred. Simulations show that at the
growing of the ratio 7/ B the value of the optimal exponent & decreases exponentially. As far as
‘concern the number of nodes |V] and links |E], if |E] decreases, less paths are available and the
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zero in order not to consider the cost of link (.v/ for those future paths which will exploit it.
Let us point out that at Step & k=1,... M, the optimal path p(s.r,) €S, (5,7,) can be foun
using a shortest path algorithm (as Dijkstra or Bellman-Ford algorithm), where the length of &

link in the network is set to:
e, ML LR
PR v e e ®
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e plend]

Computational complexity: if the number of receivers is M, our algorithm builds the multicast
tree by computing for as many as M times the spanning tree, using the Bellman-Ford algorithm,
Since the time complexity of the Bellman-Ford algorithm is O(IV}|E]), then the computational
complexity of the algorithm is O(M! M.IED.

B. QoS-aware Networks Scenario ;
In this section the algorithm is integrated in a DiffServ network. Let us consider a multirate
multicast scenario where receivers ask for the same data content but different rates and different
Qualities of Service (QoS), mapped into the respective service class according to [8][9]. In
particular, the algorithm can build source-rooted tree for both real time multicast
communications, by adopting the Expedited Forwarding (EF) DiffServ service class, and non
real time communications, by adopting the Assured Forwarding (AS) DiffServ service class. Our
algorithm, when integrated in & DiffServ network, allows a receiver to reuse the bandwidth
already exploited by receivers asking for higher service classes without any extra cost for the
network. By building a path from the source s to receiver r, the algorithm can reuse some sub-
paths already exploited by higher service class reccivers, Thus recciver # obtains a better QoS
and the network saves resources because bandwidth already exploited by other receivers is
reused for receiver r.

The algorithm in a DiffServ network proceeds as it follows,
* Step 0:



V. Aghazarian and H. Pedram 69

Reuivmmordmdmdingmmduwﬂuchamdme.LummidaamRmndeup
of M receivers. Let CL={cl},...cl;} be the set of service classes demanded by receivers, where cl,
isthehigiwnsw\icech.nanddgismclmstone.CLisambsetoflﬂ service classes
* supported by DiffServ architecture [8][9].
The set of receivers R is partitioned into L=|CL| subsets:

L

R=JR 7

Submx,ismadeupofﬂwserecoivmukingformviuclmcl;,!-l,....L.R.ec:ixminmh
subselR,,mord:mdﬁnmthehighestmetotbelomm.lﬂusmsidﬂ'aparﬁﬁanedmd
mdemdsetﬂnudeupofﬂlmdvqu' be!hereceiverkinﬂ:esubse:&withdmanded
rate F}.|R, | willmndfm'dnwdinaﬁtyofkhmdiwﬂlmthemmmoechss.
4 Stepj, j=1,....L:

The algorithm mmhmsﬁﬂ;dltﬁoumuivmuﬁngform&uclmd,. Al the
beginning of these steps, the binary varigble a,, are set to 1 for each network link (uv). For
reccjven;’.t-!,...,!R;[,a.,uresetmwofora]lthoseljnks(n.v)almdyuudbyrweivmlhat
ask for higher service class and higher or equal rate than 7; . In fact, resources already exploited
bylhctreconlhoselinkscouldbeusedbyr,*withomnnymmat.

Let by fcl) be the available bandwidth of link (1) for the service class cl, A path p(s,r)
from source 5 to a receiver 7/ asking for cumulative rate Fyis feasible if b, (cl,) > F! for all its
links. The algorithm chooses that feasible path p(s,r;) from 510 7 that minimizes the function:
S T potalyF P S i
where S, (s.) is the set of all feasible paths from s to 1, . Exponent & is defined as in eq. 3
and the utilization p,,(cl,) of the link (14,%) is calculated as.follows:

B_(cl)-[b, (cl)-F'
ot o ‘)B.E(ch(‘] N-F1 ®)
where By(cl) is the total bandwidth capacity of link (i) for service class cl; and F} is the
cumulative rate of .
For each link (1) belonging to path p(s,r;), if ,y= 0 then the available bandwidth budel) is

not updawdmdthenewpahumtboserewmahudyexploimdbyoﬂmmeivm. On the
contrary, if a,, # 0, then new resources have to be exploited and the new value of the available
bandwidth becomes 5], (cl,) = b,,(cl)~F} . Then the binary variable a,, is set to zero.
Our proposed algorithm determines the path p(s,7/) by using a modified shortest-path
algorithm, Conimon shortest path algorithms could choose one of those possible paths with zero
ooslﬁ'omston.lbut pT.i,;;_) mighxnmbeconecLTodetemjmamectpathﬂma]goﬁthm
proceeds as it follows.

Starting from node s, the first link (i,7) belonging to p(s,) with a,, =0 is found. Among
all those paths in the tree exploiting a bandwidth equal or greater than F} and passing through
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3. . and the sub-path from node &'t0 v, . belonging to A(

3. Simulation Results

1. Random Network Model . "
To ensure a fairly ﬂﬂmnlnod:lr[ ;i:ﬁﬂﬂﬂ“p] routing al
the Waxman's =) =ik )
in them\\'m's model network, nodes are randomly dssmbuwd across a Cartesion
coordinate grid. Links are added to the graph by considering all possible pairs (uv) of nodes and
by using the probability function: p
ﬂ(u.ﬂaﬂ.mp(-;j—.) (10
here P.fuy) is the existence probability of a link bcmunnodes u nnd v, dyy is the Euclh'h.n,
:isuncc bl:x:wenuodEuandd:enudcr.L isuumnimumpomblcdmm_cchclwmapmg(
nodes, a and fare parameters belonging to the range (0,1]. A high @ value increases the number
of connections to nodes further away. while a high / value increases the node degree. )
Unlike the original “’m‘smdekntawmntmchhnkuddedtnlhemu
bi-directional. The bandwidth capacity By of cach link (xy) is randomly generated unng an
uniform distributioan with mean bandwidth 3. The link (i.v) bandwidth capacity B,, might be
different from the link (v bandwidth capacity By,.
In this work, two different one hundred node random networks are generated. Network 1 uses
=02 and =04 while network 2 uses a=0.3 and #=0.6. Network 2 has a higher number of links
than Network 1, according to the probability function (10). The average bandwidth in both

networks is B =100Mbps.

pﬁmanndomncmwkhum

B. Proposed Algorithm Performance Evaluation

In this section our algorithm is compared to the optimal solution of the Steiner tree problem
when all link costs are equal to one. If every links have a cost equal to one, then the minimum-
wcigh:urnhmspmuallgmupmemhmi:themlﬂﬁcasttmthmuscsﬂwleaslamounlor
network resources. The minimum-weight tree is found by solving the flow formulation of the
Stciner tree problem proposed by Claus & Maculan [13] and Wong [3]. We further implemented
the ILP problem in AMPL [14] and solved it with the CPLEX [15] solver.

Starting from a completely unloaded Waxman network [11], it is requested to build a fixed
number of source-rooted ftrees, the Number of Requested Trees. Multicast groups are
sequentially randomly generated. Multicast group members (source and receivers) are randomly
chosen among network nodes. The number of receivers for each multicast group is uniformly
distributed from S to 15 and the bandwidth request of each receiver is uniformly distributed from I
0.1 to 2 Mbps. For each simulation several runs have been done to ensure a sufficient small trust
region and short 95% confidence intervals, :

To evaluate the performance of our algorithm and the optimal solution of the Steiner tree
problem with unitary costs in the different simulated scenarios, we will use two metrics, the
Rejection Rate and Network Load.

1) The Rejection Rate is defined as:
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Number of Rejected Trees
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- 2) The Network Load 7 is defined as:

5.—-__L_Z"TE: e (12)

Used Bandwidth of link (u,v)

Pu=

Bandwidth Capacity of link (u,v)

(a)
'Fig. 1. Proposed Algorithm and OSTP Rejection Rate and Network Load in Network |

)
'

“ig. 2. Proposed Algorithm and OSTP Rejection Rate and Network Load in Network 2
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use efficiently network resources.
available resources can be exploited.
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exploited by another group recciver with more stringent QoS requirements.
Since we need to generate a DiffServ network, we will consider the bandwidth capacity of 4
link for each service class. Let us consider a simple DiffServ network with only four servio
classes that we indicate with 4, B, C, D, where 4 iuhehighutsm'iceclasmdbinhc owest
one. Let B,.(clj be the bandwidth capacity of link (u.v) for each service class ¢l. The bandwidthy
capacity B, fclj for each service class on link (wv) is randomly generated by using an uniform
distribution with mean bandwidth B, . For this simulation campaign, a one hundred node
network has been randomly generated, with parameters a=0.2 and #=04. The link bandwidd
capacity for each service classel € {4, B, C. D} is uniformly distributed with mean bandwidth
B, equal to 25Mbps for each service class. We consider the Network Load as defined in (12) of
each service class when fifty source-rooted trees, randomly gmted.mbuillhythcnl ithm.
Euhmedwuhfmumcunifomﬂydim‘buudinthcnng:[0.1.2]Mtw,nndnservicec
randomly selected within the set {4. B. C. D).

o a
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Fig. 3. Propose Algorithm Network Load of DiffServ Classes
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For each simulation several runs have been done to ensure a sufficient small trust region and
“tow 95% confidence intervals. Fig. 3 shows that proposed algorithm integrated with DiffServ,
1serforms better than its non integrated version. Furthermore, the Network Load decreases with
sthe service class. In particular, the lowest service class D has the lowest Nerwork Load because
O class receivers can reuse bandwidth already exploited by all other receivers. Proposed
alilgorithm integrated with DiffServ, performs better than its non QoS-aware version, and this gets
' rzavident at the growing of the number of receivers. Fig. 3 shows that for 30 receivers the Network
t.oad for service classes B, C, and D is significantly lower than the Network Load relative to
sthese service classes when this algorithm is not DiffServ integrated (the Network Load is
sseduced respectively by 23%, 33% and 40%).

« 4. Conclusion

IThe presented multicast algorithm aims to effectively avoid bandwidth bottlenecks and to
sachieve an efficient distribution of link loads in the source-routed tree computation. Seamlessly
nntegrated into the DiffServ Quality of Service approach, this algorithm efficiently manages to
Uaddress the network partition problem, one of the main reasons for low performance in network,
tthus increasing the number of multicast communications, as it has heen described and tested in
1an integrated DiffServ aware network through extensive C++ based simulations. The simulation
sresults show a better leverage of the network bandwidth resources, an improved QoS perceived
oy Multicast group members with respect to the performance of existing multicast algorithms,
uand a time and resource saving due to low computational complexity, which dramatically
{zharacterize the algorithm.
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