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Patching with a Variable Segment VOD Scheduling™*

Chan-Gun LEE', Yong-Jin JI', Nonmembers, Ho-Hyun PARK'*Y, Member, Jae-Hwa PARK",

SUMMARY  The patching technique has been used for reducing ini-
tial waiting time in VOD services. Traditionally the technique has been
applied to fixed segment NVOD scheduling. However, variable segment
NVOD scheduling is known to have a better server bandwidth and less ini-
tial waiting time. In this paper, we propose a new scheduling algorithm for
a true VOD service by incorporating the patching technique into variable
segment NVOD scheduling. Our algorithm provides jitter-free playback
while minimizing the use of the patching bandwidth. We present the proof
of the correctness of our algorithm.
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1. Introduction

RVOD (Real VOD) and NVOD (Near VOD) are the two ma-
jor types of VOD (Video On Demand) currently served. Al-
most every broadcast company supports RVOD on its web-
site. This is because RVOD provides the most convenience
with the users; it enables them to choose and watch their
favorite videos with a single click at their convenient times.

In the presence of a large number of users, there can
be congestion in servers and network, transmission delays,
and dropping because every user occupies each transmis-
sion channel from the server to his/her terminal. To address
this scalability problem of RVOD, NVOD can be applied.
NVOD is currently served in many hotels, cable broadcast,
and satellite broadcast. NVOD uses broadcasting or multi-
casting which dramatically reduces the cost of the servers
by periodically transmitting the videos on multiple channels
and a group of users connects to one of the channels.

There are two ways how to partition the whole video
into server channels; one is to partition the video into fixed
size segments and the other creates variable size segments.
Staggered Broadcasting (SB) [1] is a typical method of the
fixed segment NVOD algorithm. But this method inherently
suffers from initial waiting time. In order to provide short
waiting time, a considerable amount of network bandwidth
is needed. The patching technique [2] is proposed to nullify
the waiting time. The patching channels immediately serve
the users’ requests arriving at random times by unicast, thus
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enable the true VOD service meaning no initial waiting time.

On the other hand, several approaches based on vari-
able segment NVOD algorithms, e.g. Pyramid Broadcast-
ing [3], Skyscraper Broadcasting, Harmonic Broadcasting,
and Fibonacci Broadcasting [4], [5] were proposed. There
have been many observations showing that variable segment
NVODs are better than fixed segment NVODs since the for-
mer requires less initial waiting time and has better channel
efficiency [3]-[5].

In spite of the advantages of variable segment NVODs,
little work was performed on applying patching to variable
segment NVODs. While a recent work [6] attempted to ap-
ply the patching on a variable segment NVOD, it cannot pro-
vide the true VOD service. It was not for removing initial
waiting time completely but for compensating regular chan-
nel shortages in the case of intensive user requests.

In this paper, we propose a new scheduling algorithm
for a true VOD service by incorporating the patching tech-
nique into a variable segment NVOD scheduling. At first
glance, applying the patching to a variable segment algo-
rithm seems trivial. However, it turns out that a naive ap-
proach incurs jitters or significant patching bandwidth. The
main challenge is that we need to partition the video into
variable segments with appropriate sizes so that the algo-
rithm still provides jitter-free playback of the video while
consuming minimal bandwidth of the patching channel.

2. Problem Definition and Worst Case Analysis

In variable segment NVODs, a video is partitioned into mul-
tiple segments and the segments are delivered via the regu-
lar channels of the VOD server. We shall use S and |S| to
denote the entire video stream and its size in second. § is
partitioned into the segments So, S, ..., and S,_;. n is the
number of segments of the video. A VOD server period-
ically delivers these segments via the regular channels Cy,
Cl, ey and Cn—1~

Among many variable segment NVODs, we will con-
sider only the Generalized Fibonacci Broadcasting (GFB)
[5] that is known to be a state-of-the-art periodic broadcast-
ing algorithm. In GFB, a client can download maximum m
channels concurrently. The segment partitioning scheme of
GFB is as follows:

26Sol ¢ ifl<k<m-—1

IS4l = { S Sl ifk=m M)
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We assume that a client can download and buffer the first m
segments without waiting for finding the boundaries of the
segments as soon as the user requests the video. However,
the play of a segment can start only after the client finds the
boundary of the segment. In the original GFB [5], this is not
true; in such a case, it starts downloading a segment as soon
as it finds the boundary of the segment.

Optionally, the system can use patching channel C), in
order to eliminate the initial waiting time and enable jitter-
free play. Without using the patching channel, variable seg-
ment NVOD algorithms may cause initial waiting-time to
a user unless the request time perfectly matches with the
boundary of the segment S .

As shown in Fig. 1, assume that a user requests a VOD
service at time ¢ and the nearest past boundary of S, which
is not larger than ¢, locates at time fy. The initial waiting time
for traditional NVOD services without patching is |So| — (# —
1o).

For each segment S;, D(S;) represents the time when
the boundary of the segment is downloaded via a regular
channel. Therefore, the beginning part of the segment S;
is playable at D(S;). In Fig. 1, D(So) is ty + |Sol, D(S1) is
to + |S1l, D(S2) is tg + |S2|, D(S3) is ty + |S3], and so forth.
The playtime of S;, denoted by P(S ), is defined as the time
when the segment should start playing in order to enable
the jitter-free playback of the video and no-initial waiting
time. For example, P(Sy) is ¢, P(S1) is t + |Sol, P(S7) is
t+|Sol + 1S, P(S3)ist+|So| +|S1| +|S2], and so forth, as
shown in Fig. 1.

2.1 Naive Approach with One Patching Channel

We argue that applying the patching technique to a variable
segment NVOD algorithm is not trivial. The main challenge
is that we need to partition the video into variable segments
with appropriate sizes while achieving the minimum use of
the patching channels and jitter-free play.

If we simply apply patching to a variable segment
NVOD just with one patching channel, jitters can arise. Fig-
ure 1 shows an example of the jitter when the naive patching
is applied to GFB where m = 3 and n = 4. The video seg-
ment sizes of GFB for m = 3 are |S¢|, 2Sol, 41Sol, 7|Sol,

ot m=3
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Fig.1 Naive combining one patching channel into regular channels.
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13|S¢l, and so forth.

When a user requests a video at time ¢, the slashed area
of S at Cy is the missing portion and can be compensated
thru C,,. The other portion of S (shown as dark shaded area)
will be downloaded thru Cy. At the same time, S; and S»
will be downloaded thru C; and C; channels. As soon as the
downloading of Sy completes, S5 starts to be downloaded
thru C3. For jitter-free playback, the beginning part (D(S 1)
and D(S,)) of §| and §; should be downloaded before the
playout time (P(S ;) and P(S,)) of the segments. However,
in Fig. 1, D(S 1) and D(S,) are later than P(S ) and P(S»),
respectively.

2.2 Naive Approach with m Patching Channels

Since the video segments in the first m channels are down-
loaded concurrently, we need to patch all missing portions
in the first m channels for jitter-free play. Figure 2 illustrates
such a scenario. In this scenario, we can play jitter-free be-
cause D(S;) < P(S;) for i < m, i.e., all the segments after
the patched segments. However, this approach needs a lot
of patching bandwidths (e.g., almost 3|S| in Fig. 2).

The following analysis proves that under naive
scheduling, the maximum patching bandwidth may increase
up to m|S|. Note that the patching channel is served by uni-
cast for each user. The heavy use of the patching channel
may hinder making the system scalable.

Lemma 1: In order to enable jitter-free play, P(S;) is com-
puted as follows:

PS)=t+1|S;|—-1Solif I<i<m-1

PES) =t +1Si+ISicml +1Sicoml + ... + IS | = ISolif i > m
where r = i mod m and m is the number of concurrent chan-
nels in a client.

Proof:

Case 1: Consider S; where 1 <i<m— 1.

P(S) = t+ 1Sl +1Sizal + ... + 1S 1] + 1Sl
=+ Q7 42724 421+ 208

=t+ (2 = D|Sl
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Fig.2  Naive combining m patching channels into regular channels.
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=t+15i = 1Sol

Case 2: Consider S; where i > m

P(S) = t+(Sicil +ISi2l + ..+ 1S imml)

+ (S i—gneny | + .o 1S iz + ..

+ (Sl + .o+ 181D + S0l

t+ IS+ IS imml + 1S icoml + ...

+ Q7 222 208

t+ IS+ ISioml + I1Sicoml + ...+ Q27 = 1)|S
IS+ IS imml + IS icaml + .. + IS, [ = 1S ol

O

Theorem 1: Suppose a configuration where all the periods
of m segments, So, Si, ..., S,—1 start at the same time f,
as shown in Fig.2. In addition, § = ¢ — ) = |Sy|, i.e., the
request is made almost at the end of the period of S(. With
respect to the patching channel usage, this configuration is
the worst case. The maximum use of the patching channel
for enabling jitter-free play is md = m|S .

Proof:

Case 1: Consider §; where 0 < i < m—1. In this case, D(S ;)
=19 +1Sl, i.e., the boundaries of the segments are reached at
to+|S ;. By Lemma 1, P(S;) = t+[S|—|So| = to+5+ISi|-ISol.
Hence, for i < m, D(S;) > P(S;) holds since 0 < § < |Sg|.
This means that jitters can arise. Therefore, we need patch-
ing for all i < m segments and the maximum usage of the
patching channels is mdé = m|S g|.

Case 2: Consider S; where i > m. Let us derive the down-
load completion time for each segment. Let r = i mod
m. Note that S;, S;—, Si—om, ..., and §, are served by the
same client channel. Hence, the download of §; completes
at to+|S ;| +1S imnl 1S i—2m| +. . . +|S ,|. In this case, the bound-
aries of all segments aligned with the boundaries of S; i.e.,
the boundaries of all segments start at multiples of |S o|. This
means that the boundary of S; is always reachable by the
download completion time minus |S ¢| even in the worst case.
Hence, D(S;) < to+ISil+1S imml +1S i—oml +- . . +IS | =S ol- By
Lemma 1, P(S;) = t+ S|+ 1S imm| + 1S iaml + .. . + IS = 1S ol
Since 1y < t, D(S;) < P(S;) holds, which means that the
patching is not needed for this case.

By combining the cases, we derive that the maximum patch-
ing bandwidth may increase up to md =~ m|S |- O

3. Our Approach

In this section, we design a new scheduling algorithm by
applying the patching to a variable segment NVOD algo-
rithm. The design goals of the algorithm are the followings:
(1) It should require no initial waiting time and jitter-free
playback for the users requesting the VOD service at ran-
dom times. (2) The use of the patching bandwidth should be
minimized.

Clearly, the lower bound of the maximum usage of
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Fig.3  Temporal-bandwidth map of our approach.

patch channel is |So|. We propose that we can reduce the
patch channel usage to |Sy| by modifying the GFB seg-
mentation slightly. The core idea is to half the size of the
segments S1,S>,...,S -1 where m is the number of client
channels. For the remaining segments, we retain the same
policy as the previous algorithm. More precisely, the fol-
lowing assignment scheme is used.

ISol : ifk=0ork=1
NSl ¢ if2<k<m-1 )
2y 1S k=il ifk>m

Figure 3 shows a temporal-bandwidth map of our scheme.

In the following, we present proofs that our algorithm
provides jitter-free playback for entire stream S and the user
experiences no initial waiting time.

NS

Lemma 2: In order to enable jitter-free play in our algo-
rithm, P(S;) is computed as follows:
PS)=t+|S;]ifl<i<m-1

PS)H)=t+|S]+1Sicml +I1Sicoml +...+ IS ifi>m

where 7 is the request time, r = i mod m, and m is the num-
ber of concurrent channels in a client.

Proof:

Case 1: Consider S; where 1 <i<m— 1.

P(Sl) l+|Si_1|+|S,‘_2|+...+|Sl|+|So|
=+ Q72+ 27 2+ 29801 + 1S 0]
t+ Q27 = DISol + 1Sl

1+|S]

Case 2: Consider S; where i > m.

P(S))

t+ (Sl +1Sial + ..+ 1S imml)

+ (S i—gneny | + .o 1S iz + ..

+ (Sl + .o+ 181D + S0l

t+ IS+ IS imml + 1S icoml + ...

+ 22427 2 120180 + 1S
t+ 1S+ ISioml + 1S icoml + - - .



LETTER

+Q27 = 1)ISol + IS0l
= t+ 1S+ 1S ioml 1S ic2ml + ..+ 1S

Theorem 2: The playback of §; to S, is jitter-free.
Proof:

Case 1: Consider S; where 1 <i<m— 1.

P(S;) = t+|5;| by Lemma 2. The completion time of down-
loading §; is t+]S ;| for i < m—1 since they start downloading
at ¢ via independent concurrent channels. D(S;) < the com-
pletion time of downloading S; =1+ |S;| < P(S;) =t + 1Sl
Case 2: Consider S; where i > m.

P(S;) = t+|Si|+1S imml +1S ic2ml + - - - +1S r4m| +1S | by Lemma
2. Let r = i mod m. The download of S; is completed by
t+ S +I1Sicml +1S ioml + . . . +|S /. Hence, D(S;) < the com-
pletion time of downloading S; =t + |S;| + 1S =l + |S i—2m| +
...+ |8, = P(S;). Therefore, D(S;) < P(S)).

In both cases, D(S;) < P(S;) holds. Therefore, the playback
of § to S, is jitter-free. O

Theorem 3: The proposed algorithm provides jitter-free
playback and no initial waiting time. It requires only one
patching channel and the maximum usage of the patch chan-
nel is [Sg|.

Proof:

The playback of S is jitter-free with no-waiting time due to
the patching technique. The use amount of the first regular
channel S and the patch channel is |So| — ¢ and § respec-
tively. The playback of §1,S,,...,S5,-1 is also jitter-free as
shown in Theorem 2. Note that the proof in Theorem 2 was
done by showing that the boundaries of the segments S; are
downloaded until P(S;) by using only regular channels; i.e.,
we did not use the patching channel at all to enable the jitter-
free play for S to S,-;. Therefore, the algorithm requires
only one patching channel and the maximum patching chan-
nel usage is |So| where 6 = |S¢|. O

Our method consumes the patching channel bandwidths
much less than the traditional patching with fixed segment
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NVODs because originally variable segment NVODs have
much less initial waiting time and the patching channel dis-
appears after the first segment patching whereas the patch-
ing channel in fixed segment NVODs lasts until the end of
the video. In our method, however, the total number of seg-
ments may increase by 1 at most by comparing Eqs. (1) and

(2).
4. Conclusion

In this paper, we studied how to apply patching to vari-
able segment NVOD scheduling. We proved that a naive
solution may incur jitter or significant amount of patching
bandwidth. We derived the maximum patching bandwidth
in the worst case. We modified a variable segment NVOD
algorithm by adjusting the sizes of variable segments so that
the algorithm provides jitter-free playback of the video but
consumes minimal bandwidth of the patching channel. We
proved that the proposed algorithm enables jitter-free play-
back and its patching channel usage is minimal.
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