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Abstract

To addess the scalahility issue in video-on-demand
systems, many broadcasting schemes have been
proposed to dae. The major performance parameters of
such a lroadcasting scheme are the server broadcast
bandnidth, the user bandadth and the user’s initial
waiting time. The broadcasting schemes with the least
server bandnidth requirement currently knoan require
the same bandnidth onthe user side asthat onthe server
side. We propose a new broadcast scheme, named
Generalized Fibonacci Broadcasting (GFB), to addess
the isue of limting the user-sde bandnidth
requirement. For any given combination d the server
and wser bandnidths, GFB can dways achievethe least
user waiting time among dl the arrently known
broaccasting schemes. Furthermore, it would be vey
easy to implement GFB.

1. Introduction

Video-on-demand (VOD) services am to provide
videos to a large population of users over a high-spead
network with broadcast capability. The “user” is either a
set-top box (STB) or a computer with capabiliti es of
receving a digital video, storing it in secondary storage
and concurrently playing it from storage at the
predefined display rate. The traditional client-server
paradigm (so-called “pull technology”) is not suitable for
VOD systems, since it does not scale well to a massve
number of potential users. To address the scalability
issie, many broadcasting schemes (based on “push
technology”) have been proposed since 1995 when the
pioneaing work [18] was published. Themain ideaisto
broadcast a set of high-demand (or “hot”) videos
periodically, so that a viewer can tune in onto the
particular video that 5he wants to watch. Such a scheme
typically divides each video into a sequence of segments

and broadcasts each segment periodically on a separate
logical channel, concurrently with other segments. While
a viewer is watching the airrent video segment, it must
be guaranteal that the next segment will be downloaded
in time for continuous display (continuity condition).
Most of the research literature focuses on minimizing the
maximum user waiti ng time for a given server bandwidth
(or equivalently, minimizing the total server broadcast
bandwidth for a given maximum waiting time required
for the users). The bandwidth here means the sum of the
transfer rates (Mhitseg of the @mmunications
channels used concurrently, which implies a certain
processng speeal on the part of the sender/recever
processors. In particular, the user must be able to receve
and process data ariving on several concurrent logical
channels. The best broadcasting schemes in this snse
that are arrrently known require the same bandwidth on
the user side as that on server side [4,10,11,12]. With the
current technology, however, the user-side bandwidth
requirement islikely to be the battlenedk [8,16], sincethe
user equipment must be inexpensive. Of course, the
server must m videos concurrently, while a given user
receves only one of them at a time, where m is the
number of popular videos.

We propose a new broadcast scheme, named
Generalized Fibonacci Broadcasting (GFB), to address
the ismue of limiting the user-side bandwidth
requirement. This shemeis a generalizaion of a scheme
described in a paper by A. Hu [3]. For any given
combination of server and user bandwidths, GFB can
always achieve the least user waiting time among all the
currently known broadcasting schemes. Stated in another
way, for any given combination of user bandwidth and
waiti ng time, GFB requires the least server bandwidth.

Another great advantage of GFB is that it uses much
fewer segments (hence diannels) than others for the
same @mbination of the server bandwidth, user
bandwidth and waiting time. Moreover, the mapping
from the segments to the logical channels is the simplest



possble, i.e., one-to-one. All thisimpliesthat it would be
very straightforward to implement GFB.

Sedion 2 reviews the airrently known broadcasting
schemes for limiting the user bandwidth. In Sedion 3,
we introduce GFB. In Sedion 4, we will compare GFB
with all other similar schemes currently known, and also
discuss its behavior as its parameters are danged.
Finally, Sedion 5 summarizes the ntributions of the
paper with some remarks.

Basic Notation

For simplicity, we assume in this paper that all videos
have the same length (size and duation), and
concentrate on one such video. Throughout the paper we
use the foll owing notation:

b - video display (or consumption) rate in Mbits/seg

D - total display duration of each video in seaonds;

S -ithsegment, i =1,2, ..., n;

n - number of segments each video is divided into;

d; - duration of segment S in sends;

w - waiting time (= access time) in seands, i.e., the
maximum time experienced by the viewer from the time
arequest is made until display starts;

W= w/D, normalized waiting time; 0 < W< 1.

B - total server bandwidth required to broadcast one
video, expressd as a (dimensionlesg ratio ower b; The
server bandwidth will be epresed as either B*b or
smply B.

B; - bandwidth of the jth broadcast channel as a ratio
overb, j=1,2,...,N;

N - number of logical broadcast channels;

U — user bandwidth, expressed as aratio ower b;

The following equalities follow diredly from
definition:
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2. Previouswork

In earlier broadcasting schemes, the STB nealed to
wait until the beginning of the first ssgment is broadcast,
before it started to download the video. They include
Pyramid Broadcasting (PB) [18, 19], Permutation-based
Pyramid Broadcasting (PPB) [1, 2], Skyscraper
Broadcasting (SB) [5], Enhanced Harmonic
Broadcasting [10], Saircase Broadcasting [8],
Harmonic Broadcasting [6], Cautious Harmonic
Broadcasting [13], Quasi-Harmonic Broadcasting [13],

and Pagoda Broadcasting [14]. Except for PB, PFB, and
SB, the user bandwidth requirements of all these
broadcasting schemes are the same as their server
broadcast bandwidth requirements. Thus, they are not
interesting from our perspedive (of limiting the user
bandwidth) in this paper, even though some of them
achieve relatively small user bandwidth.

The performance of those erlier schemes has been
excealed by more receit “gready’” schemes, and
therefore, we will not go into detail s of those, but simply
mention some results which are relevant to our
discusson.

PB was the first novel broadcasting scheme, which
gtimulated a great deal of research interest in VOD
broadcasting. PB segments a video in such a way that
di.1 = a*d, holds for al i = 1, 2,..., n-1 for some
constant a. It is swown in [18, 19] that the server
bandwidth of PB is given by Bpg = a*N. The mntinuity
condition for PB only requires that, at any point, the user
download from at most two conseautive channels (i.e.,
channels j and j+1). Since all channds have the same
bandwidth in PB, the user bandwidth is thus twice the
channe bandwidth, i.e.,

Bo' = 2*Bpg/N = 2401, (2.1)
The optimal value for a that minimizes Bpg is typically
larger than 2. Therefore, if such avalueis chosen for a,

it foll ows from (2.1) that Bps" = 4.

PP is smilar to PB, except that each channd is
subdivided into p staggered sub-channels, and the user
uses at most one channel at atime. The user bandwidth
requirement in PPB isthus

Bgsesr = Bppg / (N*P). (2.2)

If the “optimal” value for a that minimizes Bppg iS
used, the user bandwidth requirement for PFB (when p =
2) isusually greater than 2.5.

SB uses three service processs or threads to recave
and playback data segments. As two loader processes
download from two streams at the display rate b and fill
a buffer with downloaded data, the other thread dsplays
thedata. So the user bandwidth requirement of SB is

By =2, (2.3)
which isindependent of the server broadcast bandwidth.

2.1. Modified schemesto limit user bandwidth

Péris and Long studied the issue of limiting user
bandwidth in [16]. They modified two existing broadcast
protocols, namely, Fast Broadcasting (FB) [7, 9] and
New Pagoda Broadcasting (NPB) [15], so that the user
bandwidth would never exceal three or four times the



display rate b. Since ech “channd” used in FB and NPB
has bandwidth b, in the modified FB and NPB, the user
accesss threeor four “channels’ at the same time. Their
study shows that the modification entails a server
bandwidth increase by no more than 15%.

The modified FB with the user bandwidth limited to 3
and 4 will be referred to as FB-3 and FB-4, respedively.
Similarly, the modified NPB with the user bandwidth
limited to 3 and 4 will bereferred to as NPB-3 and NPB-
4, respedively. The server bandwidth requirements of
FB-3 and NPB-3 are mmpared in Fig. 5in Sedion 4.

2.2. Fixed-delay schemes

The three most efficient schemes use “gready”
downloading and fixed delay. Namely, the user (STB)
starts to download data from the moment it deddes to
display a spedfic video (this time will be referred to as
time 0), and the waiting time (=delay) is always the
same, i.e., independent of the time the request is made.
They al require the user to download data from all
channels concurrently, and are the most “efficient” in the
sense that the asymptotic lower bounds on their waiting
times are given by formula (4.1). However, the “costs’
incurred in getting close to this bound as their
parameters are danged are different for the three
schemes.

Poly-Harmonic Broadcasting (PHB) [12] was the first
scheme to utilize greedy downloading. To achieve a
reasonably short waiting time, it must use an excessvely
large number of channels with increasingly smaller
bandwidths. So, this £heme is considered to be of only
theoretical interest.

Unlike PHB, bah Greedy Equal Bandwidth
Broadcasting (GEBB) [4] and Fixed-Delay Pagoda
Broadcasting (FDPB) [Par01] use cannels of equal
bandwidth. The latter has a parameter m, which satisfies
m = n* W. When parameter m is increased, keging W
fixed, then its bandwidth requirement deaeases, but n
must be increased proportionally, often causing each
video to be partitioned into a very large number of small
segments.  [Par01] modified FDPB to limit its user
bandwidth.  The modified version with the user
bandwidth limited to 2 will be referred to as FDPB-2. It
is one of the most efficient schemes with a user
bandwidth limit.

3. Generalized Fibonacci Broadcasting
(GFB)

The temporal bandwidth map was introduced in [3]
and consists of the playout plane and download plane.

The upper half of Fig.l illustrates the tempora
bandwidth map of a cetain broadcasting scheme
presented in [3].

The playout plane shows a sequence of segments (n=6
segments in this example) that are displayed. Segment S
is drawn in such a way that its length is proportional to
its display duration, d;. The download plane shows that
segments S; and S, are downloaded during the initia
waiting time (w), starting at time 0. In general, as 0N
as the downloading of § completes, its display starts,
and the downloading of S, also commences. To satisfy
these @ntinuity conditions, the segment durations must
be

d]_:l, d2:2, d3:3, d4:5, d5:8, d6:13,
if the duration of segment S, is considered as a unit.
They satisfy:

di=1,

d2:2*d]_,

di=di1+dip, fori =3, 4, ...

It is observed that these numbers are identical to the
Fibonacci sequence (if the first term of the Fibonacci
sequence is removed). We therefore refer to this sheme
as Fibonacci Broadcasting. In this s£heme N (number
of channels) = n (humber of segments) always holds and
n = 6 in this example, but, other integer values for N=n
will work aswell.
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Figure 1. Temporal bandwidth map of “Fibonacci
Broadcasting”.

The server repeatedly broadcasts each of the n segments
on a separate channel with bandwidth b (i.e., normalized
bandwidth 1). Therefore, it takes the same amount of
time to download a segment asto display it. Note that at
most two segments are downloaded concurrently at any
time by a user, namely, the user bandwidth is limited to
2b (U=2in thefigure).



From now on, we will mostly use the normalized
duration (or length) of each segment S over the entire
video,

I—i = di /D. (31)
We thus have from (1.1):

n
L, =1. (3.2
1=1
In order to see how we could reduce the waiting time
w, note that during the display of the last segment S
there is no downloading activity. This implies that,
during this period, the total user bandwidth equal to 2bis
being wasted, while during the display period of segment
S, a half of the user bandwidth (equal to b) is being
wasted. In order to see this more clearly, at the bottom of
Fig. 1, we have packed all the segments into two
imaginary multiplexed channdls, each with a normalized
bandwidth of 1. If we also normalize the display
durations as in (3.1), the shaded region at the bottom of
Fig. 1 has area 1. Let A denote the area of the blank
(wasted) region in these imaginary channds. Then we
have U(1+W) = 1+ A, hence

W= (L+A)U - 1, (3.3)

where U is the normalized total user bandwidth. Eq.
(3.3) implies that reducing A will reduce waiting time W.
From our observation on wasted area, we have the
following relation (recall di= di_1+ di—2 , hencelLi= L1+
Li_z)Z
A=2%Lg+ Ls

=Llg+2*Ls+ g

=Llg+Ls+2*Ls+ L3

=lgt+ls+lLg+2*L3+ Lo

=lg+ls+Lg+Lz+2*Lo+ Ly

=lg+Lls+Lg+Lz+Ly+ 3Ly

Subgtituting Eq. (3.2) in this equation, we arrive at
A=1+2%L,.

Substituting thisand U=2 in Eq. (3.3), wefinally obtain
W= Ll.

Thisis not surprising, if onelooks at the download plane

of Fig. 1 carefully. Now that we have a very simple

formula for W, let us compute it for Fibonacci

Broadcasting with different values of N=n. For a given

value of N=nin column 1, column 2 of Table 1 shows L,

asamutipleof L;. Notethat D*L; = d; (3.2).

Table 1: Fibonacci Broadcasting.

Server Segment Size | Waiting Time
Bandwidth (asamultiple | (W=Ly)
Requirement of Ly)

(N=n)

2 Ly: 2L, 0.3333

3 Ly: 3L, 0.1667

4 Ly:5L, 0.09091
5 Ls: 8L, 0.05263
6 Lg:13L, 0.03125
7 L,:21L, 0.01887
8 Lg:34L, 0.01149
9 Ly:55L, 0.007042
10 Lio: 89, 0.004329
11 Ly, 1441, 0.002667
12 Ly,:233L, 0.001645

For each value of N=nin column 1in Table 1, column 3
shows the normalized waiting time. The entry at row 2
(N=n=3) and column 3, for example, was computed as
follows. Sincel; = 3*L;and L, = 2*L,, wehave 1= L3 +
L, + Ly = 6*Ly, hence L; =1/6 and W = L; = 0.1667.
Similarly, the entry at row 6, column 3 was computed as
follows: 1 = L6 + L5 +...+ L1: 13*L1 + 8*L1+...+ Ll =
3214, from which one obtains W = L, =1/32 = 0.03125
The olumn 3 of Table 1 shows that increasing N=n is
very beneficial for reducing the waiting time.

Unfortunately, increasing N=n by 1 entail s the addition
of one more channel of bandwidth b. In this paper, we
are interested in minimizing the waiting time w (or W)
for fixed server bandwidth and user bandwidth.
Therefore, if we double N=n, for example, we must cut
the bandwidth of each channel by half, so that the total
bandwidth requirement remains the same.

With this introduction, we @n now present our
model. Just like Fibonacd Broadcasting, on the server
side, each video is divided into n segments and each
segment § is broadcast on its dedicated logical channdl,
so that N (number of channels) = n. Unlike Fibonacd
Broadcasting, however, each channd now has the same
bandwidth b/g, where g (> 0) is a configurable
parameter. At time 0, the user begins to download video
segments from the first K (instead of 2) channels, where
K is an integer constant satisfying 1 < K < N. After a
fixed delay, w (=D*W), the user can begin to display S;.
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Figure 3. lllustration of Generalized Fibonacci
Broadcasting (GFB).

As down in Fig. 3, at this time, downloading from
the first channel stops, as the user moves on to download
from channd K+1, while continuing to download data
from channels 2, ..., K. In generd, fori =1, 2, ..., n—1,
the user ceases to receve segment S.; when the previous
data segment § has been completely displayed. By
definition, we have B; = 1/g for al i, and the server
bandwidth is sSmply

Bgrs = Nig (34)
and the user bandwidth islimited to K/g, or
Bars =Kig (35)

From Fig. 3, we @an derive the cntinuity conditions of
GFB asfoll ows:
L= (Mg)*W (3.6)

Lo= (Ug)* (W + Ly) = [1+ (Ug)]* Ly
Ls= (Ug)* (W+ Ly +Ly) = [1+ (1g)) %Ly

L= (Ug)* (W+ Ly +...+ Lgo) = [1+ (Ug)] L1 (3.7)

L= (U)*(Ly +...+ L) = ([1+ ()] -1)*L1 (3.8)
Lkso= (UQ)* (Lot Lat...+ Lis1)
Li+s= (UQ)*(La+ Lat...+Lis2)

Ln= (V@)* (Lnk + Ly +.. .+ Lna)

The abowe reaurrence relation resembles the
generalized Fibonacd sequence  Hence the name
Generalized Fibonacd Broadcasting. We use GFB(K/g)
to denote GFB with parameters K and g. The tota
number of channels, N=n, is another design parameter,
which is not explicitly spedfied, since we want to vary it
for afixed pair of K and g values. If we set K=2 and g=1,

for example, then each broadcast channd has bandwidth
equal to /g = 1, and the user downloads data from K=2
concurrent channels, limiting the user bandwidth to
U=K/g=2. Different choices for N lead to different
waiti ng time W. Independent of the user request time, the
waiti ng time for GFB is (from Eqg. (3.6)):

W= g*L, (3.9

0.45
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Normalized segment langth Li
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Segment number i

Figure 4. Normalized segment durations {L } for the
cases (K=2, g=1, N=6) and (K=4, g=2, N=12).

Fibonacd Broadcasting is clearly a speda case of
GFB, where g=1. In Fig. 4, {L;} for two different
combinations of parameter values are plotted. The dots
represent Ly, L,, ..., Ls, when K=2, g=1, and N=6,
computed from the abowe reaurrence relation (they are
also given in Table 1). Smilarly, the +'s at 0.5, 1, 1.5,
... b5, and 6 represent Ly, Ly, ..., L1, when K=4, g=2,
and N=12. Thus, in these two cases, the user bandwidth
is the same sinceK/g = 2. It is e from Fig. 4 that L,
for the latter case is much lessthan that of the former.
Therefore, increasing the number of channels from 6 to
12 has a beneficial effed of reducing the waiting time W,
sinceg doubled but L; was reduced to much lessthan half
(seeEq. (3.9)).

4. Comparisons

In Sedion 4.1, we mmpare several known schemes
with fixed user bandwidth and GFB(K/g) . We first fix
the user bandwidth to 3 or 2, and compare the server
bandwidths and/or waiting times (W) of different
schemes.

4.1. GFB vs. other broadcasting schemes with
user bandwidth limit



Fig. 5 compares FB-3 [16] and NPB-3 [16] (Sec 2.1)
with GFB(9/3), each of which limits the user bandwidth
to 3. It is ®e that FB-3 is the dear loser among the
three Actualy, the relationship between the waiting
time W and the server bandwidth B for FB-3 is the same
as that for GFB(3/1) shown in Fig. 9. However, FB-3
uses much more segments.

It is observed in [20] that, while NPB-3 [15] uses 249
segments to achieve a waiting time of W = 0.004
(equivalent to w=28.9secfor a 120min video), GFB(6/2)
with user bandwidth U=6/2=3 (shown in Fig. 9) neels
only 15 segments (hence 15 channels, and the server
bandwidth of N/g =152 = 7.5) to achieve a shorter
waiting time W = 0.003 (equivalent to w=22.3sec for a
120min video). Although NPB-3 uses only 7 “channels,”
the overheads associated with managing the dhannels are
rather different between these two schemes. GFB simply
repeats the same segment on each channel over and over
again. Each “channd” of NPB-3, however, must
multiplex a large number of segments at different
frequencies. We daborate on this when we @mpare
FDPB-2 with GFB below. Note that the segments in
NPB-3 are of a fixed size, while GFB’s sgments are not.
Fixed-size segments are an advantage if segments are
multi plexed into a channel. However, since GFB doesn’t
use multi plexing, its use of non-uniform segment lengths
wouldn’t be a disadvantage. Similarly, we @an show that
GFB(10/(10/4)) outperforms bath FB-4, NPB-4.
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Figure 5. Waiting time W vs. server bandwidth B for
FB-3, NPB-3, and GFB(9/3), from top to bottom.
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Figure 6. Waiting time W vs. server bandwidth B for
FDPB-2 (m=100), GFB(6/3), and GFB(8/4), from top to
bottom.

Fig. 6 compares, FDPB-2 (with m = 100) [Par01],
GFB(6/3) and GFB(8/4), all of which limit the user
bandwidth to 2. (The waiti ng times achieved by FDPB-2
for the server bandwidth above 7 were not available to
us.) For example, for a server broadcasting bandwidth of
7, GFB(6/3) and FDPB-2 achieve a waiting time of
42.7sec and 493seq respedively, for a 120min video.
GFB(6/3) achieves this using N = 7*g = 21 segments
(i.e., 21 channels). Each “channd” of FDPB-2, however,
must multiplex a large number (a total of 14,595 for the
7 “channels’) of segments at different frequencies, using
458 “subchannels. This may increase the implementation
overhead considerably, espedally if the segment size is
small. Thus, we bdlieve that managing the 21 channels
of GFB(6/3) would require much lessoverhead. It is also
observed that, with server broadcasting bandwidths of 4
and 5 FDPB-2 achieves dorter waiting times than
GFB(6/3). A nicefeature of GFB(K/g) isthat there are so
many ways to choose the parameters K and g, while
keeing the user bandwidth U = K/g fixed. For example,
Fig. 6 also plots GFB(8/4), which has sorter waiting
times than bath FDPB-2 and GFB(6/3), but requires
more user channels. FDPB-2 also has a parameter m,
which can be increased to improve its performance
However, it will i ncrease the number of segments even
further.

4.2. Choosing parameter valuesK and g
In Fig. 7, we vary parameters K and g, whil e keging

user bandwidth U = K/g fixed at 2. Note that the waiting
time W beaomes sorter, asK isincreased.
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Figure 7. Waiting time W vs. server bandwidth B for
GFB(K/g) with K/g = 2: (GFB(2/1), GEB(4/2), GFB(8/4),
GFB(16/8), and GFB(32/16), from top to bottom.)

Fig. 8 is a similar graph with K/g = 4. From Figs. 7
and 8, we can see that if we keep the user bandwidth U
=K/g congtant, increasing g and K proportionally leads
to reduced server bandwidth requirement for GFB(K/g).
Note that K is an integer, but g can be an arbitrary
positive number. In general, thereis not much gain when
g (=K/U ) is increased beyond 4 (for U=4; larger for
U=2). For the bottom two overlapping curves, g =10
holds.

To see the relative effect of changing K with U=K/g
fixed vs. changing U, Fig. 9 plots two curves, GFB(3/1)
and GFB(6/2), together with GFB(2/1) and GFB(4/2).
An interesting phenomenon is the relative performance
of GFB(4/2) vs. GFB(3/1). Even though GFB(4/2) limits
the user bandwidth to 2, while GFB(3/1) limits it to 3,
GFB(4/2) performs better than GFB(3/1). This implies
that increasing the number of user channels K from 3 to
4 more than compensates for the reduction of user
bandwidth from 3 to 2. However, if we compute the
values of g=K/U for these two cases, we get g = 1 for
GFB(3/1) and g = 2 for GFB(4/2). Based on this and
other evidences, we believe that g is more important than
K in determining the performance of GFB(K/g) when U
varies.
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Figure 8. Waiting time W vs. server bandwidth B for
GFB(K/g) with K/g = 4: (GFB(5/(5/4)), GFB(6/(3/2)),
GFB(7/(7/4)), GEB(8/2), GFB(9/(9/4)), GFB(20/5), and
GFB(21/(21/4)), from top to bottom.)
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Figure 9. Comparison of GFB(2/1), GFB(3/1), GFB(4/2),
and GFB(6/2).
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Finally, Fig. 10, shows the performance of GFB(K/g),
when K is varied while keging g constant (g=2 in this
case). From this figure, we @n see how quickly the
performance improves as K is increased. In the etreme
case where the user downloads from all available
broadcast channels concurrently (K=N), GFB coincides
with Greedy Equal Bandwidth Broadcasting [4] (seeSec
2.2).

4.3. Asymptotic lower bounds

One would naturaly be interested in the limit of
performance of GFB(K/g) as K and g approached
infinity, while kegoing U = K/g fixed, e.g., the lower
bound for all the arvesin Figs. 7 and 8.
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Figure 11. Asymptotic lower bounds.

Acoording to [3] and [Par01], the absolute lower
bound on waiting time Wfor al schemesis given by

W= 1/(e? -1) (4.1)

This curve is plotted in Fig. 11 (seethe battom curve
with square data points). With some tedious math, we
can compute the limiting case for GFB from the
rearrencerelation given in Sec 3. Wefind that

W - Y[ ef1-2e®Y-1) +(B-U)]

foo U B < 2U,

(4.2)
and
W o[ e-1-2eB®Y-1)+@Ee®-1)+U]
for B> 2U.
(4.3)

Using these formulae, we have plotted the @ases U=2
and U=3in Fig. 11 It is e that, for the ase U=3 (the
midde airve), in particular, the limiti ng case of GFB is
rather close to the absolute lower bound.

5. Summary and conclusion

We have proposed a new broadcasting scheme, called
Generalized Fibonacci Broadcasting (GFB). It has
three onfigurable parameters, N, g and K, where g>0
and K is an integer such that 1 < K < N. In GFB(K/g),
the server uses N channels, broadcasting each video
segment on a dedicated channdl with bandwidth b/g,
where b (Mbitgseg is the display rate. The user
downloads data from at most K out of the N channels.
Therefore, the user bandwidth is limited to K*b/g, and
the server bandwidth is N*b/g. This gives a service
provider great flexibility in choosing the appropriate
parameter values, according to the technology (and the
funds) available in the given environment, such as the
bandwidths avail able to the users as well as the server.
We demonstrated that increasing K and g proportionally,
whil e keguing user bandwidth K*b/g fixed, has the dfed
of reducing the server bandwidth required to achieve a
given waiting time (or reducing the waiting time for a
given server bandwidth). Choosing a value g < 1 is
possble, but the performance degrades

Ancther great advantage of GFB is that it will be
straightforward to implement it. For example, GFB(6/3)
with N=21 broadcasting channels (hence 21 segments)
can achieve a shorter waiting time (about 0.6% of the
total video length) than FDPB-2 (with parameter
m~=100), which is one of the most efficient broadcasting
schemes with user bandwidth limit that are arrently
known. In actual implementation, it may be desirable to
choose an integer as g. Then an existing channel with
bandwidth b could be time-divison multiplexed into g
logical sub-channelsrelatively eadly.

Last but not least, GFB gives fine-grained choices for
the server and user bandwidths, provided by different
combinations of K and g.

It is clear that GFB can be ambined easily with the
idea of “aggressve preloading” [17] (prefix caching) to
reducethe waiti ng time and/or the server bandwidth.
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