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Abstract. In this paper, we atiempt Lo solve the problem of min-cost multicast
rotiting For muiti-layered multimedia distribution, More specifically, for (i) a
given nelwork topology (i) the destinations of a multicast group and {iii) the
bandwidih requirernent of each destination, we altempt to find a f=asible rout-
ing salution to minimize the cost of a multicast iree for multi-layered moallime-
dia distribution. This problem has been proved to be NP-hard, We propose two
adjustment procedures, namely: the tie breaking procedure and the drop-and-
add procedure to enhance the solulion qualily of the modified T-M Leuristic.
We also formally model this problem as an optimization problem and apply. the
Lagrangean relnxation method and the subgradient methgdstdsolve the prob-
lem. Computational experiments are performed on :wmn_w?&m vorks, random
networks, and scale-free networks. According to the experimdiit'results, the La-
grangean based heuristic can achieve up to 23.23% EES@mEnE. compared to
the M-T-M heuristic.

1 Introduction
Multimedia application environments are characterized by _wmwm, WEEEEE variations
due Lo the helerogeneous access téchnologies of networks (&, g. m:&cu maodemn, cable
modem, xDSL. and wireless access etc.) and different receivers’ quality require-
menls. In video multicasting, the helerogeneity of the networks and destinations
makes it difficult to achieve bandwidth efficiency and service flexibility. There are
mainy challenging issuves that need to be mmn:mmmna in designing archilectures and
mechanisms for multicast data transmission [1].

Unicast and multicast delivery of video are important building blocks™ of Interhet

~muliimedia applications. Unicast means that the video stream goes independently to

each user through point-to-point conneclion from the source to each destination, and
all destinations pet their own stream, Multicast means that many destinations share
the same stream through point-to-multipoint connection from the source to every
destination, thus reducing the bandwidth requirements and network traffic. The éffi-
ciency of multicast is achieved at-the cost of losing the service flexibility of unicast,
because in unicast each destination can E&ia:m:w negotiate the service contract
with the source.

Taking advantage of recent-advances In video enceding and transmission tech-
nologies, either by a progress coder [2] or video gateway [3] [4]. different destina-
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tions can tequest a different bandwidth requirement from the source, after which
source only needs (o ‘transmit signals that are sufficient for the highest bandw
destination into a single multicast tree. This concept is called single-application ».
tiple-stream (SAMS). A multi-layered encoder encodes video data inte more than
video strearmn, including one base layer stream and several enhancement I
streams. The base layer contains the most important portions of the video stream
achieving the minimum quality level. The enhancement layers contain the other |
tions of video stream for refining the quality of the base layer stream. This mex
fism is similar to destination-initiated reservations and packet filtering used in
RSVP protocol [5]. -

The minimum cost multicast tree problem, which is the Steiner tree problemn
knowt to be NP-complete. Reference [6] and [7] surveyed the heuristics of Ste
tree algorithins. For the conventional Steiner tree m.BEmE the link costs in the
work are fixed. However, for the minimum cost mouldi- layered video muliicast ¢
the link costs are dependent on the set of receivers sharing the link. It is a varjar
the Steiner tree problem. The heterogeneity of the netwarks and destinations mak:
difficult to design an efficient and flexible mechanism for servicing all multi
BIOUP USELS. , )

Reference [8] discusses the issue of multi-layered video distribution on multi
networks and proposes a heurjslic, to solve this problem, namely: the modified ©
hevristic (WM-T-M Heuristic). 5 40 1 is to construct a mininum cost tree from
source to every destination. Howeyer, the reference provides only experimental
dence for its performance. Reference [9] extends this concept to present heuris
with provable performance gufyzuices for the Steiner tree problem and proof that
problem is NP-hard, even in %E& case of broadcasting. From the results,
cost of the multicast (ree gen : by M-T-M heuristics was 1o more than 4.
times the cost of an optimal En_nnm_mn tree. However, no siimulation resulis are
ported to justily the approach¢s.in.[9]. The solution approaches described above
heuristic-based and could be furtiier optimized. Consequently, for muftimedia di
bution on multicast networks, we intend to find the multicast trees that have a i
mal total incurred cost for multi-layered video distribution.

1n this paper, we extend the idea of [8] for minimizing the cost of a multi-lay
multimedia multicast tree and propose two more precise procedures (tie-breal
procedure and drop-and-add procedure) to improve the solution quality of M-
leuristic. Further, we formally model this problem as an eptimization problem. In
structure of mathematics, they undoubtedly have the properties of linear progt
ming problems. We apply the Lagrangean relaxation method and the subgrac
method Lo solve the problems [10]{11]. Properly integrating the M-T-M beuri:
and the results of Lagrangean dual problems may be useful to improve the solu
quality. In addition, the Lagrangean relaxation method not only gefs a good feas
solution, but also provides the lower bound of the problem solution which helg
verify the solution quality. We name this method Lagrangean Based M-T-M Her
lics.

The rest of this paper is organized as follows, In Section 2, we describe the d
of the M-T-M heuristic and present the evidence that the M-T-M heuristic does
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perform well under some often seen scenarips. We propose two procedures to im-
prove the solution guality. In Section 3, we formally define the problem being siud-
ied, as well as a mathenalical formulation of min-cost optimization is proposed. Sec-
tion 4 applies Lagrangean relaxation as a solution approach to the prohlem. Section 5,
illustrates the computational experiments. Finally, in Section 6 we present our con-
clusions and the direction of future research,

2 Heuristics of Multi-layered Muitimedia Multicasting -~

Reference [12] proposes an approximate algorithm named T-M heuristic to deal with
the Steiner tree problem, which is a min-cost multicast tree prablem. The T-M heuris-
tic uses the idea of minimumn depth tree algorithm (MDT) to construct the tree. To
begin with, the source node is added to the free permanently, At each iteration of
MDT, a node is temporarily added to the tree until the added node is a receiver of the
multicast group. Once the iterated tree reaches one of the receivers of the multicast
group, it rémoves all unnecessary temporary links and nodes adied earlier and marks
the remaining nodes permanently connected to the tree. The deplh of the permanently
.connected nodes is then set to zero and the iterations continue until all receivers are
permanently added to the tree. In [8], the author gives examtples of the performance
of the T-M heuristic and shows that in some cases the T-M heurisii s nol achieve
the optimum tree. .

Reference [8] modified the T-M heuristic to deal with the min-cost multicast tree
problem in multi-layered video distribution. For muli-layereds iids distribution,
which is different from the conventional Steiner tree problem, mmnwﬂ eceiver can re-
quest a different quality of video. Tlhis means that each link’s flng 20t the multicast
tree is different and is dependent on the maximum rate of the récelver sharing the
link. The author proposes a modified version of the T-M heuristic §M-T-M heuristic)
to approximate the minimum cost multicast (ree problem lor m..ﬁ* ayered video
distribution. o '

The M-T-M heuristic separates the receivers into subsets according te the receiv-
ing rate. First, the ' M-T-M heuristic constructs the multicast (ree for the subset with
the highest rate by using the T-M heuristic. Using tltis initial tree, the T-M heuristic is
then applied to the subsets according to the order of _.mm&i:m tate from high to low.
For further details of the M-T-M heuristic, please refer to reference [8].

2.1 Some Scenarios of the Modified T-M Heuristic

In most networks, the pesformance of the Modified T-M heuristic is better than the T-
M hewistic in multi-layered video multicasting. But, in some scenarios, we have
found that the M-T-M does not perform well, .
Consider the network in Figure 1 with node 1 as the source and nodes 3 and.4 as
the destinations requiring rates 2 and 1, respectively. Assume the base costs of all
links are the same, which is 1. First, the M-T-M heuristic separates the receivers into
twao subsets, one for rate 1 and the other for rate 2. It then runs a MDT al gorithm such
as Dijkstra algorithm to construct the (ree with the highest rate subset, At Step 4, the
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T-M heuristic reaches the destination with the highest rate and removes all unneces-

sary intermediale links. Aflter setting the depth of the permanently connected :oanm.s
zero, it continues the search process for the other destinations. At Step 5, the M-T-M

heuristic tree is Tound and the sum of the link costs is 5, But the sum of the link costs
for the optimum tree shown is 4. .
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Fig. 1. Example of the M-T-M heuristic [or multi-layered distribution with constant link cost.
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Fig. 2. Example of the M-T-M heuristic for multi-layered distribution with arbitrary link cost.

Consider the other network in Figure 2 with node 1 as the source and nodes 2 and
4 as the destinations requiring rates 1 and 2, respectively. The link costs are indicated
by the side of the links. Al Step 6, the M-T-M heuristic tree is found and Eﬂ. sum of
the link costs is 11. But, the sum of the link costs for the optimum tfree shown is 10.

2.2 Enhanced Modilied T-M Heuristic

With reference to the above scenarios, we propose two adjustment vnonnaﬁmm. o
improve the solution performance. The first one is the te breaking N:.cnmm.::.m_ which
is used to handle the node selection when searching the nearest node within the M-T-
M heuristic. The second is the drop and add procedure, which is used to adjust the
multicast tree resulting from the M-T-M heuristic in order to reach a lower cost.



(a4

- YT e ey —

106 Hsu-Chen Cheng and Frank Yeong-Sung Lin

Tie Breaking Procedure. For the MDT al goritlum, ties {or the nearest distinct node
may be broken arbitratily, but the algorithm must still yield an optimal solution. Such
ties are a signal that lhere may be (but need not be) multiple optimal solutions, All
such optimal solutions can be identified by pursning all ways of breaking ties to their
conclusion. However, wlen executing the MDT algorithim within the M-T-M
hevristic, we found that the tie breaking solution will infleence the cost of the
multicast tree. For example in Figure 2, the depth of nodes 2 and 4 is the same and is
minimal at Siep 1. The (ie may therefore be broken by randomly selecting one of
thent to be the next node to update the depth of all the vertices. In general, we choose

 the node with the minimal node number within the node set of (he same mirimal

depth for implementation simplicity. Although we choose node 1 as the next node to
relax; node 2 is the optimal solution. . )

We propose a tie breaking procedure to deal with this situation. When there is a
tie, the node with the largest requirement should be selected as the next uode to join
the tree, The performance evatuation will be shown in section 5.

Drop and Add Procedure. The drop and add procedure we piropose is an adjustment
procedure to adjust the initial molticast tree consiructed by M-T-M heuristic.
Nevertheless, sedundantly checking actions may cause a serious decline in
performance, even if the total cost is reduced. Therefore, we consider the most useful
occurrence (0 reduce the total cost and control the used resout
range. The details of procedures are:

1. Compute the number of hops from the source to the destinations

2. Sort the nodes in descending order according to {incoming
demand}. ) )

3. In accordance wilh the order, drop the node and re-add it to i
following possible adding measures and set the best one to be the final tree. Either
adds the dropping node to the source node, or (o other nodes Havi

3 Problem Formulation

3.1 Problem Description ) ’

The network is modeled as a graph where the switches are depicted as nodes and the
links are depicted as arcs. A user group is an application reqiesting transmission in
this network. which has one source and one or more destinations. Given the network
topatogy, the capacity of the finks and bandwidth requirement of every destination of
a user group, we want to jointly determine the following decision variables: (1) the
routing assignment (a tree for multicasting or-a path for unicasting) of each user
group; and (2) the maximoni allowable traffic rate of each multicast user group
through each link. .

By formulating (he preblem as a mathematical programmning problem, we intend lo
solve the issue optimally by obtaining a network that will enable us to achieve our
goal, i.e. one that ensures the nelwork operator will spend the minimum cost on con-
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Table 1. Description of Notations.

* Given Parawmelers
Notation Description
a, Transmission cost associated with Link . . i

Traffic requirement of destination  of multicast group g

The sel of nodes in the neiwork
The set of links in the network
D The set of destinations of multicast group g )
h The ninimuin munber of hops to the farthest destination node in multicast
group g
The incoming links to node v

5 The multicast root of mullicast group g

lr4
&
G The set of all multicast groups
|4
I

N

I Fhe incoming links to nede r, S

P The set of paths destination d of multicast group g may use
4, The indicator [unction which is | if link { is on path p and 0 otherwise

Decisjon Variables

Notation Descriplions
11if path p is selected fotsgigup g destined for destination d and 0 otherwise

X

ad . )
¥y lillink{is on the subtre adopted by multicast group g and 0
Otherwise - ) _—

my  The maximom traffic fgiidifement of the destinations in multicast group g that

irough link

are connected to the go

structing the multicast tree. Theiug

jifons wsed to model the problem are listed i
Table 1. :

3.2 Mathematical Formulation

According to the problem description in pervious section, the min-cost E.oEwE _
formulated as a'combinatorial optimization problem in which the objective function i
to minimize the link cost of the multicast tree. Of course 2 number of constraints mu

be satisfied.
Objective function (IP):

Z = min MME iy ‘ (
peG lel
subject to:
<
M_ Fapa X m.l =y
el

e[0,max e,
in, m_nmu,. n_L

VeeG,de D, lel (¢

Viel.geG

—
o
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Yg =torl VieL,geG “
¥, Eﬁﬂ:m._wh__ Vge G (=)

lel
. th M tw_i_m%:__ MRDL.S__ VgeG,lel (©)

=0 p= _w_u

N“.%.n_.MM <_W.mqu€_m<alm.1f~ ’ Aq—v
nm.?u. l«hw ”O {-W ) Q Hmv
__meH,.Euw Vde D,,geG )
X g =0orl d.mammuhu%mﬂubmﬁm (10)

The objeclive function of (1) is to minimize the total transmission cost of servicing
the maximum bandwidth requirement destination through a specific link for al! multi-
cast groups G, where G is the set of user groups requesting connection. The maxi-
munt bandwidth requirement on a link in the specific group s, can be viewed so that

“the souree would be required to transmil in a way lhat inatches the most constrained
destination, ]

Constraint (2) is referred to as the capacity constraint, where th

ble 7z, can be

“interpreted as Lhe “estimale” of the aggregate flow. Since the objective function is

strictly an increasing function with m, and (1) is a ::.:wammmmo%n@wswmn_d_ each m,,
)15 a redundant
constraint which provides upper and lower bounds on the max affic require-
ment for multicast group g on link £ Constraimts (4) and (5) require hat the number
of links on the muiticast tree adopted by the multicast group g i at least the maxi-
murn of /1_and the cardinality of O The I, and the cardinality of mw fithe legitimate
lower bounds of the number of links on the multicast tree adopted by the muiticast
group g, Conslraint (6) is referred.to as the tree constraint, which requijres that the
union of the selected paths for the destinations of user group g forms a tree. Con-
straints (7) and (8} are both redundant coastraints. Constraint (7) requires that the
nurmber of selected incoming links ¥, lonode is 1 or 0, while constraint (8) requires
that there are no selecled incoming links Y. 1o the node that is the root of ntulticast
group g. As'a resull, the links we select can form a tree. Finally, consteaints (9} and
(10) require that anly one path is selected for each multicast sowrce-destination pair.

¥

will equal the aggregate flow in an optimal solutién, Conslrain

4 Solution Approach
4.1 Lagrangean Relaxation - , :

Lagrangean methods were used jn both the scheduling and the general integer pro-
gramuming problems at first. However, it has become one of the best tools for optimi-
zation problems such as integer programming, linear programnting combinatorial
optimization, and non-linear programming [ LOf[11].
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The Lagrangean relaxation method permifs us to remove no.smr.mmuﬁ.m and place
them in the objective function with associated Lagrangean multipliers :wmﬁ.amm. .H..:m
optimal value of the relaxed problem is always a lower _uo::.Q ﬁ.mon :E:bbm.m:w:
problems) on the objective function value of the problem. By adjusting Ew multiplier
of Lagrangean relaxation, we can obtain the upper and _oénn bounds of this EcEnu.H.
The Lagrangean rulliplier problem can be solved in a variety of ways. The m:.cmﬁm_,
ent optimization technique is possibly the most popular technique for solving the
Lagrangean multiplier probiem [10] [13]. .

By using the Lagrangean Relaxation method, we can :.m:.m.mo:d the primal m_.ov_ma
(IP} into the foflowing Lagrangean Relaxation problem {LR) where ﬂ.o:.m:m::m {2)
and (6) are relaxed, For a vecior of non-negative Lagrangean imultipliers, a La-
grangean Relaxation problem of (1) is given by

Optimization Problem (LR):

Nc@mqmu =min MMQ___E_.__... +M M M M mE.H._.._E_o.wmnw_i_ IM M. M“hhit__n_

gel Jel paGdell, Jel. peliy yeGdeD, iel

+ M M M M m__;.._nEn..M; - M Mmﬁ._ _Uw_ Yo

$8G lel deD, pely . peli el
subject to; (3) (4} (5 (7) (8) (9) CS
‘Where S 0y are Lagrangean
decompose (11) inio the following
subpiroblems.

(11

Subproblem 1: (related to decisio ble x_)

Zsun m@ ,0) = rain M M MNM_.HM me it %y ._mh__ HHHER (12)

geGdel, pety, fel

subject to: (9) (10). ‘ . .
Subproblem 1 can be further décomposed into [G||D ] independent shortest pail

problems wilh nonnegative arc weights. Each shortest path problem can be easily

" solved by Dijkstea’s algorithim,

Subproblem 2: (related to decision variable ¥

Zyu @) =min 3, 3 6,{D,by,s a3)
gel el
subject to: (4) (8) (7) (8).
The atgorithm to selve Subproblem 2 is:

Step [ Stepl Compute max{h,, |D,]) for multicast group g. .

Step2 Step2 Compute the :Eaﬁ_umn of negative coelficients (-G tD ) for all links
in the multicast group g. )

Step3 Step3 If the number of negative cocfficients is greater than Bmiﬁq L23)]
for multicast group g, then assign the correspending negative coeflicient of
" yqto 1 and O otherwise,
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Stepd Step4 I the number of negative coefficients is no greater than max{h,,
D]} for multicast group g, assign the cotresponding negative coefficient of
¥ to 1. Then, assign [max{/r, |Df}— the number of positive coeflicients of
¥4} numbers of the smallest positive coefficient of y,, to 1 and 0 otherwise.

Subprobiem 3: (related o decision variable n,)

Zgpy () =min 3 ¥ (a3 Bk . (1)

geG L dell, ]
snbject to: (3). ) i
‘We decompose Subproblem 3 inlo L] independent problems. For each link /e L:
Z 5w, (B} =min M {q,— M B dmy
2eG del, w . ﬁHMu

subject to: {3).
The algorithm to salve {15) is:

Step | Compute a IM A, forlink! of multicast group g.

deli,

Slep2 If g, !M&nu yij ” Is negative, assign the corresponding m,, to the maximum

taffic requirement in the melticast group, otherwise a3 the correspond-

ing m, to 0.

According to the weak Lagrangean m:m:a\:ﬁoﬁs [13], hop. any Bpan Oy =20,
ZoBeay O is a tower bound on Z,. The following dual probignt<D) is then con-
structed to calculate the tightest lower bound,

U..S_ Prohlem (13):

’ Z,=maxZ, Sm.? (16)

"

hm:: Gy =0 ’ . "

,:#mﬂm are several methods for solving the dual problem {16). The most popular is
the subgradient method, which is employed here [14]_Let a vecior s be a subgradient
of Z,(fBu 6,). Then, in Heration &k of the subgradient optimizaftion procedre, the
multiplier vector is updated by o"'=w'+7's". The step size /'is detérmined by ('=§(2",

subject to:

- Z(e"Wis". Z',.is the primal objective function value for a lheutistic solution (an

npper bound on Z,). § is a constant and 0< § < 2.

4.2 Gelting Primal Feasilble Solutions

Alter optimally soiving the Lagrangean dual problem, we get a set of decision vari-
ables. However, this solution would not be a feasible one for the primal problem
since some of constraints are not satistied. Thus, minor modification of decision vari-
ables, or the hints of muliipliers must be taken, o ohtain the primal feasible solution
of problem (IP). Generally speaking, the better primal feasible solution is an upper
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bound (UB} of the problem (IP), while ihe Lagrangean dual problem solution guaran
tees the lower bound (LB) of problem (IP). lteratively, by solving the Lagrangea
dual problem and gelting the primal feasible solulion, we get the LB and UB, respec
tively. So, (he gap between UB and LB, computed by (UB-LB)YLB*100%, illustrate
the optimality of problem solution. The smaller gap computed, the better the optimal
ity.

To calculate the primal feasible solution of the minimum cost tree, the solutions
the Lagrangean Relaxation problems are considered. The set of x_, abtained by solv
ing (12) may not be a valid solution to problem (IP) because the cmﬁmﬁ@ conslraint i;
relaxed. However, the capacity constraint may be a valid sclution for some links
Also, the set of y, obtained by solving (13) may not-be a valid solution because of th
link capacily constraint and the union of y, 1may not be a tree.

Here we propose a comprehensive, two-part method to oEE: a primal feasible so
Intion. It ulilized a Tagrangean based modified T-M rmc:m?n followed by adjustmen
procedures. While solving the Lagrangean relaxation dual problem, we may get some
multipliers related to each OD pair and links. According to the information, we cai
make our routing more mBQmE. ﬁa mmmo:_um the Lagrangean _ummnm modified T-
hewristic below.

Lagrangean Based Modified T-M Heuristic
Step 1 Use @, WME%_ B s lin

Step 2 Adter getting a feasible splution, we apply the drop-and-add procedure de-

scribed earlier to adjust ti
Initially, we set all of the muiti Wmm fo 0, s0 we will get the same routing decisior
as the M-T-M heuristics followed ¥ T m%om and-add procedure at the first lteration.

arc weight and run the M-T-M heuristic.

5 Computational Experin

In this section, computational experiments on the Lagrangean relaxation based heuris-
tic and other primal heuristics are reported. The heuristics are tested on three kinds of
networtks- regular metworks, random networks, and scale-free networks. Regulm

netwarks are characterized by low clustering and high network diameter, and random

networks are characterized by low clustering and fow diameter. The scale-free net-
works, which are power-law networks, are characterized by high clustering and low
diameter. Reference [15] shows that the topology of the Internet is characterized by
power laws distribution. The power laws describe concisely skewed distributions of
graph properties such as the node degree.

Two regular networks shown in Figure 3 are tested in our experiment. The first
one is a grid network that contains 100 nodes and [89 links, and the second is. a cellu-
Iar network containing 61 nodes and 156 links. Random networks tested in this paper
are generated randomly, each having 500 nodes. The candidate links between all node
pairs are given a probability following the uniform distribution. In the experiments,
we link the node pair with a probability smaller than 2%. If the generaled network is
not a connected network, we generate a new network.



112 Hsu-Chen Cheng and Frank Yeong-Sung Lin

Nalwork {h) Celtular Nerwork -

Fig. 3. Regular Networks.

anﬁmznm {16] shows that the scale-free hetworks can arise ffom a sj imple dynamic
model that combines incremental growth with a preference for new nodes to connect
to existing ones that are already well connected. In our experiments, we applied this
preferential attachment method to generate Lhe scale-free networks. The correspond-
ing preferential variable (rm, 1) is (2, 2). The number of nodes in the lesting mngozﬁm
is 500.

For each testing network, several distinct cases, which have different pre-deter-
mined parametéis such as the number of nodes, ave no:mEQ@a g traffic demands
for each destination are drawn from a random variable :::EEA istributed in pre-
specified categuries {1, 2, 5, 10, 15, 20}. The link cosis are randemly. generated be-
tween 1 and 5. The cost of the multicas! (ree.is decided by :t: lying the link cost
and the maximum bandwidth requirement on a link. We condugfed 2,000 egperiments
for each kind of nefwark. For each experiment, the result Sgssitbtermined by the
group destinations and link costs generated randomly, Table 2 %ifsivaries the sefected
results of the computational experiments.

I general, the results of LR are all better than the M-T- @mw:n (MTM), the
M-T-M heuristic with tie breaking procedure {TB), and the MEM heuristic followed
by drop-and-add procedure (DA). This is because we get the same mo__._zo: as the M-
T-M heuristic at the first iteration of LR, For each lesting :o?&% the maximum
imiprovement ratio between the M-T-M heuristic and the Lagrangean based modified
T-M heuristic is 16.18 %, 23.23%,.10.41 %, and~11.02%, respectively. To clain
oplimality, we also depict the percentils of gap in Table 2. The results show that 60%
of the regular and scale free netwarks have a gap of less than 10, but the result of
random networks show a larger gap. However, we also found that the M-T-M heuris-
tic perform well in many cases, such as the gase D of giid network and case D of

" random netivork.

Accotding (o the experiments results, we found that the tie breaking procedure we
proposed is not uniformly betler than random selection. For example, the case H of
celiular network, the performance of M-T-M (1517} is better than TR (1572), Conse-
quently, we suggest that in practice we can try both tie breaking methods (randomly
select or the method we proposed), and select the better result. The experiments re-
sults also show that the drop and add procedure n_Om.m reduce lhe cost of the multicast
lree. : '
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Table 2. Selected Resulis of Com E:mm onal Experiments.

LB I GAP | Tmp.
Max Imp. Ratio; 16.18 %

CASE | Dest# | MTM | TB | DA | UB |
Grid Network

A 5 332 330 332 200 286.3714 L.271% | 14.48%
B 3 506 506 306 506 503.6198 0.47% 0.00%
[ i0 158 153 148 136 1231262 | 10.46% | 16.18%
D 10 547 347 547 547 541,8165 0.96% 0.00%
B 20 522 507 502 458 397.8351 15.12% | 13.97%
-F 20. 1390 1405 1388 1318 1206.235 9.27% | _5.46%
G 50 2164 | -2229 2154 1940 1668.448 16.28% [ 11.55%
H 50 759 700 759 693 388.3226 17.79% 9.52%
Cellular Network Max Imp. Ratio: 23.23 %
A 5 182 167 172 167 | 1604703 | 4.07% | 898%
B 5 119 118 ilg 109 5@.@&4_ 2.86% 3.17%
C 10 194 185 190 180 | 1569178 | 14.71% | 7.78%
D 10 174 174 170 150 138.0774 8.63% | 16.00%
E 20 382 349 382 310 2661146 16.49% |23.23%
F 20 | 315 800 8l 756 689.6926 | 9.61% 7.80%
G 50 602 595 G602 367 4799626 ; 18.i13% 6.17%
H 30 1517 1372 15643 1337 [187.332 | 14.29% | 11.79%
Rapdom Netwarks Max Imp. Ratio: 10.41 %
5 107 167 107 | 94.70651 | 12.98% | 0.00%

86 74.63349 | 15.23% 227%
170 [ 134.6919 | 26.21% 0.00%
123 97.90988 | 35.63% 0.00%
284 2212635 | 28.35% | 1041%
216 168.0432 | 28.54% | 4.42%
806 558.9077..| 44.31% 5.18%
694 4469637 | 34.37% 1.71%

h] 83 88
16 170 170
10 123 123
317 317
20 276 216
50 850 860
50 102 715

oy (] ipaiea]|wii@i=vh s
[~
=1

Scale-Free Netw Max lmp. Ralio: 11.02 %
A 5 82 82 82 78.35047 4.66% 0.00%
B 5 79 5 75 73.70663 1.75% 5.33%
C 10 210 210 208 196.3969 591% [ .0.96%
3] 10 528 528 - 506 505.4039 0.12% [ 435%
E 20 886 896 854 7709776 | 10.77% | 3.75%
E 20 1068 1050 9262 920.2371 4.54% | 11.02%
G 50 1869 1871 - 1754 1502.061 | 16.77% 6.56%
H 50 ] 391t | 1946 1891 1508.8317 18.27% 1.00%

TB: The resull of the modified T-IV hewristic with the tie breaking procedure

DA: The result of the maodified T-M heurisiic followed by the drop-und-add procedure
UB and LB: Upper and lower bounds of the Lagrangean based modified T-M heuristic
GAP; The ervor gap of the Lagrangean refaxation

Imp.: The improvement ralio of the Lagrangean based modilied T-M heuristic

¢ Conclusions

In this paper, we atternpt to solve ihe problem of min-cost multicast routing for :E:.
layered multimedia distribution. Our achievement of this paper can be expressed i
terms of mathematicat formulation and experiment performance. In terms of formul:
tion, we propose a precise mathematical expression to model this problem well. ]
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terms of performance, the propesed Lagrangean relaxadon and subgradient based
algorithms outperform the primal henristics (M-T-M heuristic). According to the
experiment results, the Lagrangean based heuristic can achieve up to 23.23% im-
provement compared to the M-T-M heuristic. We also propose two adjustment pro-
cedures io enhance the solution quality of the M-T-M heuristic. ,

Our madel can also be easily extended to deal with the constrained multicast rout-
ing problem for multi-layered multimedia distribution by adding capacity and delay
constraints. Moreover, the min-cost model proposed in this paper can be modified as
a max-revenue model, with that objective of maximizing total system revenues by
intally, or partially, adinjtting destinations into the systemn. These issues will he ad-
dressed in future works.
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Efficient Management
* of Multimedia Attachments*
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Abstract. In a modern heterogeneous environment, where wusers use
a variety of devices such as smarl plones, PDAs, and laptops, and a
variety of network conmections such as Wireless AN, and GPRS {o
cennect Lo the email system, handling of email and attachment messages
and ensuring readability becomes an important management' challenge.
In some cases it is necessary to franscode the multimedia abtachment .
to a formal supported by the recipient device, and appropriate for the
connection used, in order to allow the recipients to view the multimedia
attachment. This branscoding could be done at the sender mail server, the
roxy point in the middle, In addition the
message may be addressed % eral recipienis in the receiver server,
each may have different pre es and characterizations. T'his paper
proposes an eflicient scheme for handling email messages with multimedia -
attachments. We describe a tectural and algorithmic framework
that allows service maxiinizition to the end users (depending on their
devices and connectivity) w inimwm cost to the organizations in
terms of storage, transcoding®#é communication. We alsa provide a
simulation study indicating. that the proposed scheme is feasible and
resulls in very efficient solutidar

receiver mail server, or at a

1 Imiroduction ‘ _

The increased importance of email in commercial applications, and the increased
popularity of using rich media attachment files, inales efficient handling of email
and attachment messages an important challenge. In addition to being the sowrce

" for an endless increase in the demand for more storage resources, handling af-

taclment files requires that the recipient of the message will have the ability to
open the attachment file format. This problem becomes much more challenging
when considering the modern hieterogeneous environment,, where users use a va-
riety of devices such as smart phones, PDAs, laptops, and high-end desktops to
connect to the email system. Each of these devices has a different capability in
terms of color and screen resolution, memory, and available CPU. Moreover, the
characterizations of the lines connecting the user to the mail server also vary
in a significant way. A client Lhat uses a PDA device and a GPRS network to

* This work is part of the STRIMM consortium operates under MAGNET program of
the Chief Scientist of the Israeli Miniskry of Trade and Industry {www.strimm.org ).
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