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Abstract

Segment-based proxy caching schemes have
been effectively used to deliver streaming media
objects. However, this approach does not always
guarantee the continuous delivery because the to-
be-viewed segments may not be cached in the
proxy in time. The potential consequence is the
playback jitter at the client side due to the proxy
delay in fetching these uncached segments, thus
we call the problem as prozxy jitter. Aiming at im-
proving the media delivery quality for segment-
based caching schemes, in this paper, we pro-
pose two simple and effective prefetching meth-
ods, namely, look-ahead window based prefetching
and active prefetching to address the problem of
proxy jitter. We focus on presenting streaming
flow analyses on proxy and network resource uti-
lizations and consumptions, performance poten-
tials and limits of the two prefetching methods for
different segment-based schemes under different
network bandwidth conditions. Our study also
provides some new insights into relationships be-
tween proxy caching performance and the quality
of streaming. For example, we show that the ob-
jective of improving the byte hit ratio in a con-
ventional proxy and the unique objective of mini-
mizing the proxy jitter to deliver streaming media
objects can have conflicting interests. Conduct-
ing trace-driven simulations, we show the effec-
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tiveness of our prefetching methods, and further
confirm our analyses.

1 Background and Motivation

Proxy caching technique has been widely and
effectively used to cache the text-based objects in
Internet so that subsequent requests to the same
object can be repeatedly and directly served from
the proxy that is close to the requesting client.
Typical proxy systems include CERN httpd [1],
Harvest [2], and Squid [3]. However, with the pro-
liferation of the multimedia objects in Internet,
the existing proxy infrastructure is challenged due
to their typical large sizes and continuous stream-
ing requirement. A segment-based approach de-
veloped for proxy caching is to cache media ob-
jects in segments instead of their entirety to re-
duce the user perceived startup latency and to
reduce the network traffic to media servers and
the disk bandwidth requirement on the media
server. An example of such an approach is the
prefix caching [4] that segments the media object
with a prefix segment and a suffix segment and al-
ways caches the prefix segments. These segment-
based caching schemes can be classified into two
types in terms of segment sizes. The first one is
to use uniformly sized segments. For example,
authors in [5] consider the caching of fixed sized
segments of layer-encoded video objects. More re-
cently, the adaptive-lazy segmentation strategies
have been proposed in [6], in which each object
has itself segmented as late as possible by using an
uniform segment length. We generally call them



as the uniform segmentation strategy'. The sec-
ond type is to use exponentially sized segments,
where media objects are segmented in a way that
the size of a segment increases exponentially from
that of its preceding one [7]. We generally name
them as the exponential segmentation strategy.

However, these segment-based proxy caching
schemes do not always guarantee a continuous
delivery because the to-be-viewed segments may
not be loaded in the proxy in time when they
are accessed. We call this problem proxy jitter.
(On the client side, this problem is called “play-
back jitter”). A straightforward solution to elim-
inate the playback jitter is to store the full object
by a viewing client. This special solution is also
called “downloading” that requires a very large
buffer size and introduces a prolonged startup
delay. Unfortunately, this is not a cost-effective
method. Many clients have limited buffer space
and they rely on media proxies and/or servers to
ensure the quality of service. Once a playback
starts in a client, pausing in the middle caused
by the proxy jitter is not only annoying but can
also potentially drive the client away from access-
ing the content. The essential issue for a proxy
using a segment-based caching scheme is to fetch
and relay the demanded segments to the client in
time.

The key to solve the proxy jitter problem is
to develop prefetching schemes to preload the
uncached segments in time. Some early work
have studied the prefetching of multimedia ob-
jects [8, 9, 5, 10]. For layered-encoded ob-
jects [5, 10], the prefetching of uncached layered
video is done by always maintaining a prefetch-
ing window of the cached stream, and identifying
and prefetching all the missing data within the
prefetching window a fixed time period before its
playback time. In [8], the prefetching is used to
preload a certain amount of data so as to take
advantage the caching power. In [9], a proactive
prefetching method is proposed to utilize any par-
tially fetched data due to the connection abortion
to improve the network bandwidth utilization. In

The term “uniform” in this strategy only applies to
each object. However, different objects may have different
segment lengths.

[11], authors consider the playback restart in in-
teractive streaming video applications by using
an optimal smoothing technique to transmit data
for regular playback.

To our best knowledge, prefetching methods
have not been seriously studied in the context
of segment-based proxy caching [12]. Specifi-
cally, neither have the previous prefetching meth-
ods considered the following unique conflicting
interests in delivering streaming media objects.
On one hand, proxy jitter is caused by the de-
layed prefetching of uncached segments, which
clearly suggests that the proxy prefetch the un-
cached segments as early as possible. On the
other hand, the effort of aggressively prefetching
the uncached segments requires a significant in-
crease of the buffer space for temporarily storing
the prefetched data and the bandwidth to transfer
the data. Even worse, the client session may ter-
minate before such a large amount of prefetched
segments are accessed. This fact suggests that
the proxy prefetch the uncached segments as late
as possible. Thus, an effective media streaming
proxy should be able to decide when to prefetch
which uncached segment aiming at minimizing
the prozxy jitter subject to minimizing the related
overhead (wasted space and bandwidth).

In order to improve the media delivery quality
for segment-based caching schemes, in this pa-
per, we propose two simple and effective prefetch-
ing methods, namely, look-ahead window based
prefetching and active prefetching to address the
problem of proxy jitter. We focus on presenting
streaming flow analyses on proxy and network
resource utilizations and consumptions, perfor-
mance potentials and limits of the two prefetching
methods for different segment-based schemes un-
der different network bandwidth conditions. Our
study also provides some new insights into rela-
tionships between proxy caching performance and
the quality of streaming. For example, we show
that the objective of improving the byte hit ratio
in a conventional proxy and the unique objective
of minimizing the proxy jitter to deliver stream-
ing media objects can have conflicting interests.
Conducting trace-driven simulations, we show the
effectiveness of our prefetching methods, and fur-



ther confirm our analyses.

The rest of this paper is organized as fol-
lows. The look-ahead window based prefetch-
ing method and the active prefetching method
are presented in Section 2 along with the related
streaming flow analyses. We further discuss in-
sights of media proxy steaming in Section 3. We
evaluate the proposed methods in Section 4. We
make concluding remarks in Section 5.

2 Prefetching Methods for Segment-
based Proxy Caching

In this section, we present two prefetch-
ing methods, namely look-ahead window based
prefetching and active prefetching, along with
their streaming flow analyses. Both prefetching
methods consider achieving the two objectives
jointly: (1) to fully utilize the storage resource,
and (2) to minimize proxy jitter.

We have made the following assumptions in our
analyses.

e A media object has been segmented and is
accessed sequentially;

e The bandwidth of the proxy-client link is
large enough for the proxy to stream the con-
tent to a client smoothly; and

e Each segment of the object can be delivered
by a media server in a unicast channel.

Considering that the prefetching is conducted
segment by segment, we define the following re-
lated variables.

e B,: the average streaming rate of object
segments in bytes/second (can be extracted
from the object’s inherent encoding rate),
which can be viewed as the average network
bandwidth consumption of the proxy-client
link;

e B;: the average network bandwidth of the
proxy-server link;

e k: the total number of segments of an object;

e L;: the length of the i*" segment of an ob-
ject, and L1 = Lpgse is the size of the first
segment, also known as the base segment
size. For the uniform segmentation strategy,
L; = Ly; for the exponential segmentation
strategy, L; = 2°"'L;, where k > i > 1;
(Note: in [7], L; = 2°=2L; (i > 2) since the
segment is numbered from 0, while we num-
ber it from 1 for the consistency with the
uniform segmentation strategy.)

e W: the amount of the prefetched data in
bytes that are not used by the client due
to an early termination (a client may only
want to view a portion of the media object).
The prefetching requires resources of (1) the
buffer to temporarily store them; and (2) the
network bandwidth used to transfer them.
Both the buffer size and the network trans-
ferring cost are proportional to W. Denot-
ing the networking cost as f, (W), the buffer
cost as fp(W) and the wasted resource as as
fw(W), we have f,(W) = fo(W) + fo(W).
As long as W is known, the wasted resource
cost can be determined.

2.1 Look-ahead Window
Prefetching Method

Based

The major action of the look-ahead window based
prefetching is to prefetch the succeeding segment
if it is not cached when the client starts to ac-
cess the current one. The window size is thus
fixed for the uniform segmentation strategy and is
exponentially increasing for the exponential seg-
mentation strategy.

Considering the streaming rate B, and the net-
work bandwidth B;, we propose the look-ahead
window based prefetching method under the fol-
lowing three different conditions.

1. By = Bs.

Ideally, in this case, the streaming flow can
be smooth from the server to proxy and
then to a client without an effort of prefetch-
ing, thus, no buffer is needed. However, in
practice, we do need a buffer denoted as



Buf ferpetwork to smooth the network jit-
ters caused by network traffic and conges-
tion. The size of Buf fer,etwork can be ex-
perimentally determined in practice. For ex-
ample, it can be large enough to buffer me-
dia segments of 5 seconds. In this case, the
preloading of the next uncached segment al-
ways starts 5 seconds before the streaming of
the current segment is complete.

. Bs < By.

In this case, no prefetching is needed, but
we need a buffer to hold overflowed stream-
ing data in the proxy from a media content
server, which is denoted as Buf ferover flow-
The preloading of the next uncached seg-
ment does not start until the streaming of
the current segment is complete. The size of
Buf feroperfiow is thus at least

Li Bs
Li— 2 xBy=Lix(1-=). (21
B~ (=g (2D

For different segmentation strategies, the
buffer size can be calculated as follows:

e For the uniform segmentation strategy,

the size of Buf fergperfiow is at least
Bs
(1—2)L1.

e For the exponential segmentation strat-
egy, the size of Buf fergverfiow is at
least (1 — %)Li, which increases expo-
nentially.

. Bs > Bq.

In this case, both segment prefetching and
buffering are needed. A buffer denoted as
Buf ferstarvation 1 used in the proxy to pre-
vent the streaming starvation of a client. As-
sume the prefetching of the next uncached
segment S;11 starts when the client starts
to access the position x in the current seg-
ment S;. Thus, = is the position that deter-
mines the starting time of prefetching, called
the prefetching starting point. To denote y
as y = L; — x and to guarantee the in-time
prefetching of the next uncached segment, we

have
Y+ Liy1  Liya
> 2.2
B, - B’ (2:2)
which means
y > Len(SHl) X (S — T)‘ (2.3)
T
Since y = L; — x, thus
pp - L x B = B)

By

We can calculate the prefetching starting
point as the percentage of the current seg-
ment by dividing x« by L;, which leads to
x Liy1 Bs
—<1- X (= —1
L — L; (Bt )

(2.5)

Equation (2.5) means to prefetch the next
uncached segment when the client has ac-
cessed the 1 — ”1 X (%ﬁ —1) portion of cur-
rent segment. Accordingly, the size of the
minimum buffer size for Buf fersiarvation 1S
Bis X By, which is Lj1q x (1 — %). Once
we know the minimum buffer size, we know
that in the worst case, the fully buffered
prefetched data may not be used by the
client, which means the maximum amount
of wasted prefetched data, W, that has the
same size as the buffer. Thus, we always
give the minimum buffer size by the following
analysis.

For different segmentation strategies, the sit-
uations are as follows:

e For the uniform segmentation strategy,
by Equation (2.4), we have - < 2— 7.
It implies that B could not be 2 tlmes
larger than B;. The minimum size of
Bufferstarvation is Ll X ( - g;z) The
prefetching of the next uncached seg-
ment starts when the client has accessed
to the 2 — %ﬁ portion of the current seg-
ment.

e For the exponential segmentation strat-
x

egy, by Equation (2.4), we have T <



3—-2x 3 It implies that B, could not
be 1.5 times larger than B;. The mini-
mum size of Buf ferstarvation 18 Lit1 X
(1— %), which increases exponentially.
The prefetching of the next uncached
segment starts when the client has ac-
cessed the 3 —2 x %i portion of the cur-
rent segment.

Above analysis shows that this look-ahead win-
dow based prefetching method does not work
when Bg > 1.5B; for the exponential segmenta-
tion strategy, and it does not work when when

Bg > 2By for the uniform segmentation strategy.
In addition, since Bs > B;, we have

By > By = 2 >1
B B
B
B s
= - >1-2x =
By Bt
Bs
= 2— L5 >3-2x =" (2.6)
t Bt

The left side of Equation (2.6) represents the
prefetching starting point for the uniform seg-
mentation strategy, while the right side denotes
that for the exponential segmentation strategy.
Thus, Equation (2.6) states that the prefetching
of the next uncached segment for the exponential
segmentation strategy is always earlier than that
for the uniform segmentation strategy, causing a
higher possibility of wasted resources.

Since the condition of By > B; is quite com-
mon in practice, the look-ahead window based
prefetching method has a limited prefetching ca-
pability in reducing the proxy jitter. Next, we will
address its limit by an active prefetching method.

2.2 Active Prefetching Method

If the prefetching is conducted more aggressively,
we are able to further reduce proxy jitter, and of
course, which will also consume more resources.
The basic idea of our second method, active
prefetching, is to preload uncached segments as
early as the time when the client starts to access a
media object. We define the following additional
notations for this prefetching method.

e n: the number of cached segments of a media
object;

e m: when the in-time prefetching of n +
1" segment is not possible (which will be
discussed soon), the proxy should start to
prefetch a later segment m once the client
starts to access an object, where m > n + 1.

We also re-define the prefetching starting point,
x, as the position in the first n cached seg-
ments (instead of a position in the n'" seg-
ment for the look-ahead window based prefetch-
ing method) that is accessed by a client. As soon
as this prefetching starting point is accessed, the
prefetching of n+ 1" segment must start in order

to avoid the proxy jitter.
Based on Equations (2.2) to (2.5), we obtain
the prefetching starting point = as

= Lypi1 % (Bs — By)
z < ZL — Z . (2.7)

Next, we will discuss the active prefetching al-
ternatives for different segmentation strategies.

2.2.1 Uniform Segmentation Strategy

As we know, when B > 2By, it is impossible
for the uniform segmentation strategy using look-
ahead window based prefetching to completely
avoid proxy jitter. However, the active prefetch-
ing may work this situation. Based on Equation
(2.7), we obtain

Bs _
x<nLi— Btn (2.8)

for the uniform segmentation strategy.
Equation (2.8) not only gives the prefetching

starting point when n + 1 > %, it also im-

plies that if n + 1 < %j, the in-time prefetch-
ing of n + 1** segment is not possible! So when
n+1< %j and the segments between n + 1% and

h g o
%t are demanded, the proxy jitter is inevitable.

Thus, when n + 1 < %ﬁ, to minimize the prozy
jitter, the proxy should start the prefetching of
a later segment, denoted as m, rather than the

n + 1% segment since it can not be prefetched in



time. The prefetching of the m!* segment should
be faster than the streaming of the first m seg-
ments, which leads to

Lm le
<< .
B, — B

(2.9)

We get m > %i, and the corresponding minimum
buffer size is thus
(m — 1)L2
———— xBy=(1——=)L;.
5% B= (- FL
For the uniform segmentation strategy, the ac-
tive prefetching works as follows when By > 2B;.

(When B < 2By, it works the same as window-
based prefetching method.)

By (2.10)

e n = 0: No segment is cached. The proxy
th

starts to prefetch the z segment. Before

the client accesses to this segment, the prozy

jitter is inevitable. The minimum buffer size
is ( - %)Ll

en >0and n+1 < 7 The proxy starts

to prefetch the thh segment once the client
starts to access the object. If the segments
between n + 1** and %j " are demanded,
the proxy jitter is inevitable. The minimum
buffer size is (1 — —)L1

en >0and n+1 > %i:
of n+ 1 segment starts when the client
accesses to the position of (n + 1 — —)L1
of the first n cached segments. The mini-

mum buffer size is (%ﬁ —1) x % X By, i.e.,
S

The prefetching

(1-— %)Ll. The proxy jitter can be totally
avoided.

2.2.2 Exponential Segmentation Strategy

For the exponential segmentation strategy, when
Bs > 1.5B;, the calculation of the prefetching
starting point based on Equation (2.7) leads to

et X (2= D).

(2.11)

The right side of Equation (2.11) must be
greater than 0, so Equation (2.11) not only de-
termines the prefetching starting point, it also

means that when n < 1092(2_;5_5), the in-time
By
prefetching of n + segment is not possible,

and when B; > 2B;, the in-time prefetching of
any uncached segment can never be possible!
When n < 1092(2 BS) to minimize the prozy

1th

jitter, the proxy should start the prefetching of
some later segment, denoted as m since the (n +
1)th segment can not be prefetched in time. Thus,
the transferring of the m!”" segment must be faster
than the streaming of the first m segments, which

leads to .
m oo 2inl

— < == 2.12
By = Bg ( )

Thus, we get m > 1+ logg( L-) and the corre-
B
sponding minimum buffer size is

2

Ly B
2% L By = Ly x
B, 2B, B, — B,

(2.13)

For the exponential segmentation strategy, the
active prefetching works as follows when By >
1.5B;. (When Bs < 1.5B;, it works the same as
window-based prefetching method.)

1. Bs > 1.5B; and By < 2B;.

en = 0: No segment is cached.
The proxy starts to prefetch the 1 +

1092(2_1& )" segment once the client
B

t
starts to access the object. The proxy
jitter is inevitable before the client ac-
cesses to this segment. The minimum

. Bt2
buffer size L x 72xBéth 52

on>0andn<logg(

5—): The proxy
Bt

starts to prefetch the 1+ loga( )th

2— gs
segment once the client starts to access
this Object The minimum buffer size is
L x Bt where i = 1—|—l0g2( 7). The

Proxy jztter is inevitable When the client
accesses segments between the n 4 1"

th
) segment.
"B

segment and 1 + logg(

en > 0 and n > logg(ﬁ): The
"By

1th

prefetching of the n+ segment



starts when the client accesses to the
1— 52— x (%ﬁ —1) portion of the first n
cached segment. The minimum buffer
size is Lpy1 X %, which will increase

exponentially.

2. B > 2B;.

No prefetching of the uncached segments can
be in time. Whenever a client accesses to an
uncached segment, the proxy jitter can not
be reduced.

3 Segment-based Proxy Caching
Strategies with Least Proxy Jitter

We have shown that even the active prefetch-
ing can not always guarantee the continuous me-
dia delivery. However, the analysis of the active
prefetching also indicates that for any strategy,
with enough segments being always cached in the
proxy, the prefetching of the uncached segments
can always be in time whenever necessary. The
number of the segments being always cached in
the proxy for this purpose, which we denote as
q, is dependent on the segmentation strategy, B
and B;.

In this section, we determine ¢ for different seg-
mentation strategies to guarantee the continuous
delivery without considering a cache space limit
when B, > B;. Then we further look into its
insights with a limited cache size.

3.1 Minimum Number of Segments
Cached for Proxy Jitter Free

We use the notations as before, the prefetching
of the ¢ + 1*" segment to the k' segment must
be faster than the streaming of the whole object,
which means

STV L MiEYLi— i L
By - By ’

(3.14)

where Zzi‘{ L; is the amount of data should be
cached. Thus,

i=q B, i=k
Li>(1- E)ZLZ-.
S =1

1=1

(3.15)

Applying Equation (3.15) to different segmen-
tation strategies, ¢ can be determined as follows.
e Uniform segmentation strategy

Since the Lpgse is the base segment length,
the number of cached segment must be

B (<1 — )Y L
B Lbase

1. (3.16)

e Exponential segmentation strategy

Since L; = 2 x L;_1, the number of cached
segments must be

1-8)yi=tL

Lbase

¢ = [loga Y41 (3.17)
3.2 Trade-off Between Low Proxy Jit-
ter and High Byte Hit Ratio

In a practical segment-based streaming environ-
ment with a limited cache size, it is common that
for some objects, they have a large number of seg-
ments cached (e.g. very popular objects), which
is very likely to be larger than their ¢ values,
while for some objects (e.g. not popular objects),
they may have a lower number of segments cached
in the system, which is possibly to be less than
their g values. If we evict some rear segments
of these popular objects whose cached number of
segments is larger than their ¢ values, the byte
hit ratio of the system decreases. However, the
released space can be used to cache the objects
whose cached number segments is less than their
q values, which reduces the proxy jitter. This sce-
nario implies that there is a trade-off between the
high byte hit ratio and the low proxy jitter with
a limited cache size.

With the trade-off consideration, we further
change the existing uniform and exponential seg-
mentation strategies as follows with two addi-
tional notations:

e K,in: the minimum number of segments
that if cached, no startup latency will be per-
ceived by the clients as in [7];

® Kjjtter: the minimum number of segments
that if cached, no proxy jitter or startup la-
tency will be caused. It is the maximum of
Konin and q.



In the modified segmentation strategies, instead
of caching the first K,,;, segments for reduc-
ing the startup latency when the object is ini-
tially accessed, the larger value of K, and the
minimum number of segments for guaranteed in-
time prefetching, ¢, is calculated, as Kjjser, and
the first Kjjier segments of the object is cached.
However, when the cache space is demanded,
these Kjjster segments other than the first K,
need to compete for the cache space according to
their caching utility value. Thus, the decrease of
the byte hit ratio can be used to trade for the
reduction of the proxy jitter to some extent.

4 Performance Evaluation

To evaluate the performance of these prefetch-
ing methods under different segmentation strate-
gies, an event-driven simulator has been built.
We simulate the exponential segmentation strat-
egy as in [7]. The uniform segmentation strategy
differs from the exponential segmentation strat-
egy in that all objects are segmented in a uniform
length of 1KB according to [6].

To evaluate the effectiveness of the prefetching
methods, the major metric we use is proxy jitter
bytes. It is the amount of data that are not served
to the client in time by the proxy, thus causing
the potential playback jitter at the client side,
normalized by the total bytes the clients demand.
It denotes the quality of the streaming service to
the client. The in-time prefetched byte is used to
represent how many bytes could be prefetched in
time, normalized by the total bytes the clients de-
mand. The byte hit ratio is defined as the amount
of data delivered to the client from the proxy and
normalized by the total bytes the clients demand.
It is used to show the impact on caching per-
formance when different prefetching methods are
used.

Based on the previous analysis, we know that
once the bandwidth of proxy-server link (or con-
nection rate will be used in the following con-
text) is less than half of the streaming rate, it
may be impossible for the exponential segmenta-
tion strategy to prefetch any uncached segments
in time. Thus, in this evaluation, the streaming
rate of each object is set in the range of half to

two times of the bandwidth of proxy-serve link.
(Note that other than the results presented in
the following context, we have also evaluated the
performance with larger ranges of streaming rate
and proxy-server bandwidth. The results show
the similar trends with larger gaps between the
uniform and exponential segmentation strategies,
which we omit due to the page limit.)

4.1 Workload Summary

To evaluate the performance, we conduct simula-
tions based on two synthetic workloads. The first,
named WEB;, simulates accesses to media object
in the Web environment in which the length of
the video varies from short ones to longer ones.
Since clients’ accesses to videos may be incom-
plete, that is, a session started may terminate
before the full media object is delivered, we use
the second workload, named PART, to simulate
this behavior. In this workload, 80% of the ses-
sion terminates before 20% of the object is de-
livered. Both workloads assume a Zipf-like dis-
tribution (p; = fi/ N, fi, fi = 1/i%) for the
popularity of the media objects, where « is set
to 0.47 for both workloads. They also assume
request inter arrival to follow the Poisson distri-
bution (p(z,\) = e * x (A\)*/(z!),z = 0,1,2...)
with a A of 4.

Both WEB and PART have a total number of
15188 requests in a day for 400 different media
objects. The total size of all media objects is 51
GB. The viewing length of objects ranges from 2
to 120 minutes.

4.2 Exponential Segmentation Strat-
egy

In all the following figures, notation Window rep-
resents the look-ahead window based prefetching
method, and notation Active represents the ac-
tive prefetching method. The Tradeoff represents
the prefetching method with the consideration of
the trade-off between the byte hit ratio and the
proxy jitter.

Figure 1 shows the performance results by
using workload WEB for the exponential seg-
mentation strategy. Figure 1(a) shows that
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Figure 1: WEB: (a) Proxy Jitter Bytes, (b) Bytes Prefetched In Time & (c) Byte Hit Ratio

(@) (b)
100 ; ; ; 100 - ; ; ;

—%— EXxponential-Window < —%— EXxponential-Window
= sol —&- Exponential-Active || % sol —&- Exponential-Active ||
S —6— Exponential-Tradeoff Q —6— Exponential-Tradeoff
8 3
2 60} E 60
g @
= 401 © 404
> a
2
o 20¢ = 20

1 £
X X N . 09 0 B 22 >
20 40 60 80 100 20 40 60 80 10
Cache Size (Percentage of the Total Object Size) Cache Size (Percentage of the Total Object Size)
©) (d)
100 - - - 100 - - -
—— Exponential-Window
ol —&- EXxponential-Active | ol
= —©— Exponential-Tradeoff =
S S
3 60} 2 60f
) o
S 40| I 40¢
%] (]
S =,
= 20l | @ 0 —%— Exponential-Window
—=— Exponential-Active
E —©— Exponential-Tradeoff
H v \f/ } 0 s s s s
20 40 60 80 100 20 40 60 80 100
Cache Size (Percentage of the Total Object Size) Cache Size (Percentage of the Total Object Size)

Figure 2: PART: (a) Proxy Jitter Bytes, (b) Bytes Prefetched In Time, (c¢) Bytes Wasted & (d) Byte
Hit Ratio



@)
100

(b)

: : 100 : : 100
—— Uniform-Window —— Uniform-Window
—=— Uniform-Active - —=— Uniform-Active
80 —o— Uniform-Tradeoff S gol —o— Uniform-Tradeoff
g 8 S
<, 60r ° 60r 8
@ 2 5
— O 14
g & &
5 40 © 40 T
2 a g
° e @
a £
o £ 20 2 —+— Uniform-Window
—e— Uniform-Active
—o— Uniform-Tradeoff
G L L L L G L L L L G L L T T
20 40 60 80 100 20 40 60 80 100 20 40 60 80

Cache Size (Percentage of the Total Object Size)

Cache Size (Percentage of the Total Object Size)

100
Cache Size (Percentage of the Total Object Size)

Figure 3: WEB: (a) Proxy Jitter Bytes, (b) Bytes Prefetched In Time & (c) Byte Hit Ratio

Ezxponential-Tradeoff has the least proxy jitter
bytes served to the clients and much less than that
of Fxponential-Window and Ezxponential-Active.
As shown in Figure 1(c), although the byte hit
ratio achieved by Ezxponential-Tradeoff decreases
when the cache size is less than 60% of the total
object size, the overall streaming service quality
provided to the client is improved.

Figure 1(b) shows that Ezponential-Tradeoff
achieves the largest amount of data prefetched
in time on average and decreases when the cache
size increases. This is because more data has been
cached in the proxy with more available cache
space.

Figure 1(c) shows that the byte hit ratios for
Ezxponential- Window and FExzponential-Active are
the same. This is expected as our previous anal-
ysis indicates that if the connection rate is larger
than half of the streaming rate, only the amount
of prefetched data for those two prefetching meth-
ods are different.

Figure 2 shows the results by using the work-
load PART for the exponential segmentation
strategy. Figure 2(a) shows that Ezponential-
Tradeoff still achieves the least percentage of
proxy jitter bytes served to the clients. Fig-
ure 2(b) shows that on average FEzponential-
Tradeoff achieves the largest amount of data
prefetched in time.

For the partial viewing cases, a new metric, the
wasted byte, is used to evaluate how much of the

in-time prefetched data that is not actually used
since the client terminates earlier. Figure 2(c)
shows that all three prefetching methods produce
some wasted bytes due to a large percentage of
prematurely terminated sessions. FEzponential-
Tradeoff results in more wasted bytes than others
since it gets more in-time prefetched data.

4.3 Uniform Segmentation Strategy

As aforementioned, in the experiments, the
streaming rate of each object is set in the range
of half to two times of the connection rate, thus
the performance improvement of the uniform seg-
mentation strategy does not look as significant as
the exponential segmentation strategy. Also, for
the uniform segmentation strategy, if the connec-
tion rate is larger than half of the streaming rate,
the active prefetching and the look-ahead window
based prefetching methods perform exactly same.

Figure 3 shows the performance results by
using workload WEB. Figure 3(a) shows that
Uniform-Tradeoff has the least proxy jitter bytes
on average. Although Figure 3(c) shows it
achieves a lower byte hit ratio, the quality of
the streaming service it provides to the client is
the best. Figure 3(c) shows that the byte hit ra-
tios achieved by Uniform-Window and Uniform-
Active are the same. This is consistent to our pre-
vious analysis. On Figure 3(a) and Figure 3(b),
they also achieve the same performance results.
Figure 3(b) shows that Uniform-Tradeoff gets the
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Hit Ratio

largest amount of in-time prefetched data.

Figure 4 shows the results by using the par-
tial viewing workload PART. Similar trends
have been observed as in Figure 3, but with a
smaller performance gap among different meth-
ods. Figure 4(a) shows that Uniform-Tradeoff
still achieves the least amount of proxy jitter
bytes, giving the best quality of streaming de-
livery to the clients. Figure 4(a) shows that
Uniform-Tradeoff also gets the largest amount of
data prefetched in time, while Figure 4(c) shows

that Uniform-Tradeoff has more wasted data due
to more in-time prefetched data.

5 Conclusion

In this study, focusing on the segment-based
caching strategies with a uniform segment length
or an exponentially increasing segment length,
we have examined the prefetching issues in the
segment-based caching strategies. We have pre-
sented and evaluated the look-ahead window



based prefetching method, the active prefetching
method and the prefetching method with the con-
sideration of the trade-off between improving the
byte hit ratio and minimizing the proxy jitter
analytically and experimentally. The prefetch-
ing method with the trade-off consideration is the
most effective in reducing the proxy jitter and can
provide the best quality of streaming delivery to
the clients.

We are implementing the prefetching in our me-
dia surrogate testbed and performing real tests.

Acknowledgments: We appreciate the con-
structive comments from the anonymous referees.
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