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Abstract

Segmeibased proxy cacding sdemes have
beene ectively usedto deliver streaming media
objects. Howeer, this approac doesnot always
guarartee the cortinuous delivery becausethe to-
be-viewed segmems may not be caded in the
proxy in time. The potential consequencas the
playbad jitter at the client side due to the proxy
delay in fetching these uncaded segmets, thus
we call the problem as proxy jitter . Aiming at im-
proving the media delivery quality for segmemt
based caciing sdhemes, in this paper, we pro-
posetwo simple and e ectiv e prefetching meth-
ods, namely, look-ahead window based prefetching
and active prefetchingto addressthe problem of
proxy jitter. We focus on preseriing streaming
o w analyseson proxy and network resourceuti-
lizations and consumptions, performance poten-
tials and limits of the two prefetching methods for
di erent segmem-based schemesunder dierent
network bandwidth conditions. Our study also
provides somenew insights into relationships be-
tweenproxy cading performanceand the quality
of streaming. For example, we show that the ob-
jective of improving the byte hit ratio in a con-
vertional proxy and the unique objective of mini-
mizing the proxy jitter to deliver streaming media
objects can have conicting interests. Conduct-
ing trace-driven simulations, we show the e ec-
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tivenessof our prefetching methods, and further
conrm our analyses.

1 Background and Motiv ation

Proxy cading technique has beenwidely and
e ectiv ely usedto cade the text-based objectsin
Internet sothat subsequeh requeststo the same
object can berepeatedly and directly sernedfrom
the proxy that is closeto the requesting client.
Typical proxy systemsinclude CERN http d [1],
Harvest[2], and Squid [3]. Howeer, with the pro-
liferation of the multimedia objects in Internet,
the existing proxy infrastructure is challengeddue
to their typical large sizesand cortin uous stream-
ing requiremert. A segmeitbased approad de-
veloped for proxy cading is to cathe media ob-
jects in segmeis instead of their entirety to re-
duce the user perceived startup latency and to
reduce the network trac to media serers and
the disk bandwidth requiremert on the media
sener. An example of such an approad is the
pre x cading [4] that segmems the media object
with apre x segmemn andasu x segmen and al-
ways cadesthe pre x segmeis. Thesesegmeit
basedcading stchemescan be classi ed into two
typesin terms of segmen sizes. The rst oneis
to use uniformly sized segmems. For example,
authors in [5] considerthe cading of xed sized
segmeits of layer-encaled video objects. More re-
cently, the adaptive-lazy segmemation strategies
have been proposedin [6], in which eat object
hasitself segmened aslate aspossibleby usingan
uniform segmen length. We generally call them



asthe uniform segmemation strategy®. The sec-
ond type is to use exponertially sized segmetts,
where media objects are segmetted in a way that
the sizeof a segmen increasesexponertially from
that of its precedingone [7]. We generally name
them asthe exponertial segmemation strategy.

Howewer, these segmeitrbased proxy cading
schemes do not always guararntee a cortinuous
delivery becausethe to-be-viewed segmeitls 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-
badk jitter"). A straightforward solution to elim-
inate the playbad jitter is to store the full object
by a viewing client. This special solution is also
called \downloading" that requires a very large
buer size and introduces a prolonged startup
delay. Unfortunately, this is not a cost-e ective
method. Many clients have limited bu er space
and they rely on media proxies and/or serwersto
ensure the quality of service. Once a playbadck
starts in a client, pausing in the middle caused
by the proxy jitter is not only annoying but can
alsopotentially drivethe client away from access-
ing the cortent. The essetial issuefor a proxy
using a segmeibased cading schemeis to fetch
and relay the demandedsegmets to the client in
time.

The key to solwe the proxy jitter problem is
to dewelop prefetching schemesto preload the
uncaced segmems in time. Some early work
have studied the prefetching of multimedia ob-
jects [8, 9, 5, 10]. For layered-encaled ob-
jects [5, 10Q], the prefetching of uncaded 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 xed time period beforeits
playbadk time. In [8], the prefetching is usedto
preload a certain amount of data so as to take
advantage the cading power. In [9], a proactive
prefetching method is proposedto utilize any par-
tially fetched data dueto the connectionabortion
to improve the network bandwidth utilization. In

1The term \uniform" in this strategy only applies to
ead object. However, di erent objects may have di eren t
segmern lengths.

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

To our best knowledge, prefetching methods
have not been seriously studied in the cortext
of segmembased proxy cading [12]. Speci-
cally, neither have the previous prefetching meth-
ods considered the following unique con icting
interests in delivering streaming media objects.
On one hand, proxy jitter is causedby the de-
layed prefetching of uncaded segmets, which
clearly suggeststhat the proxy prefetch the un-
caced segmenms as early as possible. On the
other hand, the e ort of aggressiely prefetching
the uncaded segmets requires a signi cant in-
creaseof the bu er spacefor temporarily storing
the prefetched data and the bandwidth to transfer
the data. Even worse,the client sessionmay ter-
minate before suc a large amount of prefetched
segmeis are accessed. This fact suggeststhat
the proxy prefetch the uncathed segmetts as late
as possible. Thus, an e ective media streaming
proxy should be able to decidewhen to prefetch
which uncadted segmen aiming at minimizing
the proxy jitter subject to minimizing the related
overhead (wasted spaceand bandwidth).

In order to improve the media delivery quality
for segmem-based cadting sdhemes, in this pa-
per, we proposetwo simple and e ectiv e prefetch-
ing methods, namely, look-ahed window basel
prefetching and active prefetchingto addressthe
problem of proxy jitter. We focus on presening
streaming ow analyseson proxy and network
resource utilizations and consumptions, perfor-
mancepotentials and limits of the two prefetching
methods for di erent segmeibased schemesun-
der di erent network bandwidth conditions. Our
study also provides some new insights into rela-
tionships betweenproxy cading performanceand
the quality of streaming. For example, we shawv
that the objective of improving the byte hit ratio
in a corventional proxy and the unique objective
of minimizing the proxy jitter to deliver stream-
ing media objects can have conicting interests.
Conducting trace-driven simulations, we shaw the
e ectiv enessof our prefetching methods, and fur-



ther con rm 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 preserted in Section 2 along with the related
streaming ow analyses. We further discussin-
sights of media proxy steamingin Section 3. We
evaluate the proposedmethods in Section4. We
make concluding remarks in Section 5.

2 Prefetc hing Metho ds for Segment-
based Proxy Caching

In this section, we preser two prefetch-
ing methods, namely look-ahead window based
prefetching and active prefetching along with
their streaming ow 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 madethe following assumptionsin our
analyses.

A media object has beensegmered and is
accessedequetially;

The bandwidth of the proxy-client link is
large enoughfor the proxy to streamthe con-
tent to a client smoothly; and

Each segmem of the object can be delivered
by a media serer in a unicast channel.

Considering that the prefetching is conducted
segmen by segmem, we de ne the following re-
lated variables.

Bs: the average streaming rate of object
segmetrs in bytes/second (can be extracted
from the object's inherent encading rate),
which can be viewed as the averagenetwork
bandwidth consumption of the proxy-client
link;

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

k: the total number of segmes of an object;

Li: the length of the i"" segmen of an ob-
ject, and L1 = Lpase iS the size of the rst
segmenm, also known as the base segmen
size. For the uniform segmemation strategy;,
L; = Lq; for the exponertial segmemation
strategy, L; = 2' 1L,, wherek i > 1;
(Note: in [7], Li = 2 2L4 (i > 2) sincethe
segmen is numbered from 0, while we num-
ber it from 1 for the consistencywith the
uniform segmeration strategy.)

W: the amournt 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 requiresresourcesof (1) the
bu er to temporarily storethem; and (2) the
network bandwidth used to transfer them.
Both the bu er sizeand the network trans-
ferring cost are proportional to W. Denot-
ing the networking costasf (W), the bu er

costasf(W) and the wasted resourceas as
fw(W), we have f (W) = fr(W) + fu(W).
As long as W is known, the wasted resource
cost can be determined.

2.1 Look-ahead Windo w
Prefetc hing Metho d

Based

The major action of the look-aheadwindow based
prefetching is to prefetch the succeedingsegmen
if it is not caded when the client starts to ac-
cessthe current one. The window size is thus
xed for the uniform segmetation strategy and is
exponertially increasingfor the exponertial seg-
mertation strategy.

Consideringthe streaming rate B 5 and the net-
work bandwidth B, we proposethe look-ahead
window basedprefetching method under the fol-
lowing three di erent conditions.

1. Bs = Bg.

Ideally, in this case,the streaming ow can
be smooth from the serwer to proxy and
then to a client without an e ort of prefetch-
ing, thus, no bu er is needed. Howewer, in
practice, we do need a buer denoted as



Buf f erpetwork to smooth the network jit-

ters causedby network trac and conges-
tion. The size of Buf f erpetwork Can be ex-
perimentally determined in practice. For ex-
ample, it can be large enoughto buer me-
dia segmems of 5 seconds. In this case,the
preloading of the next uncached segmen al-
ways starts 5 secondsbeforethe streaming of
the current segmen is complete.

In this case, no prefetching is needed, but
we needa buer to hold over o wed stream-
ing data in the proxy from a media cortent
sener, which is denoted as B uf f ergverf 1ow-
The preloading of the next uncaded seg-
ment does not start until the streaming of
the current segmem is complete. The size of
B uf f ergyerf 10w IS thus at least
Li

— . BS.
L5 Bs=lLi @ g @Yy

For dierent segmetation strategies, the
bu er sizecan be calculated as follows:

For the uniform segmemation strategy;,
the size of Buf f ergyerfiow IS at least
1 gL

For the exponertial segmetation strat-

egy, the size of Buf f ergyerfiow IS at

least (1 2s)L;, which increasesexpo-
. t

nertially .

In this case,both segmemn prefetching and
bu ering are needed. A buer denoted as
B uf f ergiar vation 1S Usedin the proxy to pre-
vert the streaming starvation of a client. As-
sume the prefetching of the next uncaded
segmen Sj,; starts when the client starts
to accessthe position x in the current seg-
mernt S;. Thus, x is the position that deter-
minesthe starting time of prefetching, called
the prefetching starting point. To denotey
asy = Lij x and to guarartee the in-time
prefetching of the next uncaced segmenm, we

have
y+ I-i+1 I-i+l
: 2.2
B. B, (2.2)
which means
Len(Sj+1) (S T)
: 2.3
T (2.3)
Sincey = L; x, thus

Bt

We can calculate the prefetching starting
point as the percertage of the current seg-
mernt by dividing x by L;, which leadsto

X Li+1

— 1
Li Li

Bs ...
(5 O (2.5)

Equation (2.5) meansto prefetch the next
uncaded segmen when the client has ac-
cessedhe 1 4 (8= 1) portion of cur-
rent segmem Accordingly, the size of the
minimum bu er size for Buf f erstar vation 1S
& By whichisLisa (1 B). Once
we know the minimum bu er size, we know
that in the worst case, the fully bu ered
prefetched data may not be used by the
client, which meansthe maximum amount
of wasted prefetched data, W, that has the
same size as the buer. Thus, we always
give the minimum bu er sizeby the following
analysis.

For di erent segmemation strategies,the sit-
uations are as follows:

For the uniform segmemation strategy,
. BS
by_Equ_atlon (2.4), we have - 2 B
It implies that Bs could not be 2 times
larger than B;. The minimum size of
BUf f erstar vation |S Ll (1 S_;) The
prefetching of the next uncaded seg-
mernt starts whenthe client hasaccessed
to the 2 Bs portion of the current seg-
t
mert.

For the exponertial segmemation strat-
egy by Equation (2.4), we have LX_.



3 2 g=. It implies that Bs could not
be 1.5 times larger than B;. The mini-
mum size of B uf f erstar vation 1S Li+1

(1 g—‘s), which increasesexponertially .
The prefetching of the next uncaded
segmen starts when the client has ac-
cessedhe 3 2 2= portion of the cur-
rent segmen

Above analysisshaws that this look-aheadwin-
dow based prefetching method does not work
when B > 1.5B; for the exponertial segmema-
tion strategy, and it does not work when when

Bs > 2B, for the uniform segmeration strategy.
In addition, sinceBg > B¢, we have

Bs > Bt) E— >1
BS Bs

B

Bs S

) B >1 2 B,

B BS.
) 2 8 >3 2 =2:(26)

t Bt

The left side of Equation (2.6) represens the
prefetching starting point for the uniform seg-
merntation strategy, while the right side denotes
that for the exponertial segmemation strategy.
Thus, Equation (2.6) states that the prefetching
of the next uncaded segmen for the exponertial
segmeration strategy is always earlier than that
for the uniform segmetation strategy, causinga
higher possibility of wasted resources.

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

2.2 Activ e Prefetc hing Metho d

If the prefetching is conducted more aggressiely,
we are able to further reduce proxy jitter, and of

course, which will also consumemore resources.

The basic idea of our second method, active
prefetching, is to preload uncaced segmeis as
early asthe time whenthe client starts to accessa
media object. We de ne the following additional
notations for this prefetching method.

n: the number of cadhed segmeits of a media
object;

m: when the in-time prefetching of n +
1" segmen is not possible (which will be
discussedsoon), the proxy should start to
prefetch a later segmehn m once the client
starts to accessan object, wherem > n + 1.

We also re-de ne the prefetching starting point,
X, as the position in the rst n caded seg-
ments (instead of a position in the n" seg-
ment for the look-aheadwindow based prefetch-
ing method) that is accessedy a client. As soon
as this prefetching starting point is accessedthe
prefetching of n+ 1" segmem must start in order

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

-Xn I—n+1 (Bs Bt)_
X Li B, .

i=1

2.7)

Next, we will discussthe active prefetching al-
ternativesfor di erent segmetation strategies.

2.2.1 Uniform Segmentation Strategy

As we know, when By > 2By, it is impossible
for the uniform segmetation strategy usinglook-
ahead window based prefetching to completely
avoid proxy jitter. Howewer, the active prefetch-
ing may work this situation. Basedon Equation
(2.7), we obtain

©

2 1
n

X nbLj (2.8)
for the uniform segmemation strategy.

Equation (2.8) not only gives the prefetching
starting point when n + 1 E—f, it also im-
plies that if n + 1 < Zs, the in-time prefetch-
ing of n + 1" segmenm |s not possible! Sowhen
n+ 1< gs and the segmetts betweenn + 1™ and

Efm are demanded,the proxy jitter is inevitable.

Thus, whenn+ 1< BS , to minimize the proxy
jitter , the proxy should start the prefetching of
a later segmem, denoted as m, rather than the
n+ 1" segmen sinceit can not be prefetched in



time. The prefetching of the m™" segmen should
be faster than the streaming of the rst m seg-
mernts, which leadsto

— X 2.9
B, B. (2.9)
Wegetm E—f, and the corresponding minimum
bu er sizeis thus
(m 1)L Bt
—— Bi=(1 =)L 2.10
3 (=@ goly (210

For the uniform segmemation strategy, the ac-
tive prefetching works asfollows when Bg > 2B;.
(When Bs 2B, it works the sameas window-
basedprefetching method.)

n = 0: No segmen is cached. The proxy
starts to prefetch the g—fth segmen Before
the client accesse$o this segmem, the proxy
jitter is inevitable. The minimum bu er size
is (1 ghLi.

n>0andn+ 1< E—f: The proxy starts

to prefetch the g—fth segmen oncethe client
starts to accessthe object. If the segmeis
betweenn + 11" and g—f 1™ are demanded,
the proxy jitter is inevitable. The minimum
buer sizeis (1 g4)L1.

n>0andn+1 g The prefetching
of n+ 1" segmen starts when the client
accessedo the position of (n+ 1 g)L;
of the rst n caded segmems. The mini-
mum buer sizeis (32 1) g By e,
(1 S—L)Ll. The proxy jitter can be totally
avoided.

2.2.2 Exp onential Segmentation Strategy

For the exponertial segmemation strategy, when

Bs > 1:5B;, the calculation of the prefetching
starting point basedon Equation (2.7) leadsto
b n on

x o b

B
(B—S 1)): (2.11)
t
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

meansthat when n < Iogz(%), the in-time

Bs
Bt
prefetching of n + 1" segmen is not possible,
and when Bs 2By, the in-time prefetching of
any uncaded segmem can never be possible!
1

When n < Iogz(z—B_S), to minimize the proxy

jitter , the proxy shojltd start the prefetching of
somelater segmem, denotedas m sincethe (n +
1) segmem cannot be prefetchedin time. Thus,
the transferring of the m™ segmem must befaster
than the streaming of the rst m segmeis, which

leadsto P._
Bt BS ' ’
Thus,wegetm 1+ Iog2(2 1B_s) and the corre-
Bt

sponding minimum bu er sizeis

L B2
m 1 Bt=|-1 t

2 — v
Bs 2B.B; B¢

(2.13)

For the exponertial segmemation strategy, the
active prefetching works as follows when Bg >
1.5B;. (When Bs 1.5By, it works the sameas
window-basedprefetching method.)

1. Bs> 1:5B; and B < 2B;.

n = 0: No segmen is caded.

The proxy starts to prefetch the 1+

loge(; %)™ segmen once the client
B

t
starts to accessthe object. The proxy
jitter is inevitable before the client ac-
cessedo this segmen The minimum

. 2
buer sizelL; ZBE‘W.
S S

n>0andn log(=%<): The proxy
By

2
th

starts to prefetch the 1+ log(5%)
Be

segmenm oncethe client starts to access
this object. The minimum bu er sizeis
Li g%, wherei = 1+ logp(53%5). The

2 Bs

Bt
proxy jitter is inevitable whenthe client
accessesegmers betweenthe n + 1

segmen and 1+ Iogz(zLBs)th segmen
By

n > 0andn > Iogz(zLBs): The
B

prefetching of the n+ 1" segmen



starts when the client accessedo the
1 25 (B0 portion of the rst n
caced segmen The minimum bu er

sizeis Lp+1 g—;, which will increase
exponertially .

No prefetching of the uncached segmeits can
bein time. Whenewer a client accesse$o an
uncaced segmem, the proxy jitter can not
be reduced.

3 Segment-based Pro xy Caching
Strategies with Least Proxy Jitter

We have shawvn that even the active prefetch-
ing can not always guarartee the cortin uous me-
dia delivery. Howewer, the analysis of the active
prefetching also indicates that for any strategy,
with enoughsegmeits being always caded in the
proxy, the prefetching of the uncaced segmeits
can always be in time whenewer necessary The
number of the segmems being always caded in
the proxy for this purpose,which we denote as
g, is dependernt on the segmemation strategy, Bs
and B;.

In this section,we determine g for di erent seg-
merntation strategiesto guarartee the cortinuous
delivery without consideringa cade spacelimit
when Bs > B;. Then we further look into its
insights with a limited cade size.

3.1 Minim um Num ber of Segments
Cached for Proxy Jitter Free

We use the notations as before, the prefetching
of the g+ 1" segmen to the k™ segmem must
be faster than the streaming of the whole object,
which means

3 _ P
=KL IZkL L
i=1 -1 i=1 =1 i=1 =1
3.14
Bs Bt ' ( )
P ._
where 7L is the amourt of data should be
caded. Thus,
xd B, XK
L @ 24 L (3.15)

i=1

Applying Equation (3.15) to di erent segmen-
tation strategies, q can be determined as follows.
Uniform segmemation strategy

Since the Lpase is the base segmen length,
the number of cadhed segmem must be

P._
@ By =L

=d
. L base

(3.16)

Exponertial segmemation strategy

SinceL; = 2 L; 1, the number of caded
segmeis must be

P._
1 B L

e+ 1. (3.17)
Lbase

q= dog(

3.2 Trade-o Between Low Proxy Jit-
ter and High Byte Hit Ratio

In a practical segmembased streaming environ-
ment with alimited cade size,it is commonthat
for someobjects, they have a large number of seg-
ments caded (e.g. very popular objects), which
is very likely to be larger than their g values,
while for someobjects (e.g. not popular objects),
they may have alower number of segmeis caced
in the system, which is possibly to be lessthan
their g values. If we evict some rear segmeis
of thesepopular objects whosecahed number of
segmets is larger than their g values, the byte
hit ratio of the system decreases.Howeer, the
releasedspacecan be usedto cade the objects
whosecaded number segmets is lessthan their
g values,which reducesthe proxy jitter. This sce-
nario implies that there is atrade-o betweenthe
high byte hit ratio and the low proxy jitter with
a limited cade size.

With the trade-o consideration, we further
changethe existing uniform and exponertial seg-
mertation strategies as follows with two addi-
tional notations:

Kmin: the minimum number of segmems
that if cadhed, no startup latency will be per-
ceived by the clients asin [7];

Kjiter : the minimum number of segmets
that if caded, no proxy jitter or startup la-
tency will be caused. It is the maximum of
Kmin and q.



In the modi ed segmemation strategies, instead
of cading the rst Kuin segmems for reduc-
ing the startup latency when the object is ini-
tially accessedthe larger value of K in and the
minimum number of segmems for guaranteed in-
time prefetching, g, is calculated, as K xer , and
the rst Kjiter Segmets of the object is caced.
Howewer, when the cade spaceis demanded,
these Kjiter segmems other than the rst Kpyin
needto compete for the cathe spaceaccordingto
their cading utilit y value. Thus, the decreaseof
the byte hit ratio can be usedto trade for the
reduction of the proxy jitter to someextert.

4 Performance Evaluation

To evaluate the performanceof these prefetch-
ing methods under di erent segmetation strate-
gies, an evernt-driven simulator has been built.
We simulate the exponertial segmemation strat-
egyasin [7]. The uniform segmemation strategy
di ers from the exponertial segmeration strat-
egyin that all objects are segmeted in a uniform
length of 1KB accordingto [6].

To evaluate the e ectiv enessof the prefetching
methods, the major metric we useis proxy jitter
bytes It is the amourt of data that are not serned
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 denotesthe quality of the streaming serviceto
the client. The in-time prefetchal byte is usedto
represen how many bytes could be prefetched in
time, normalized by the total bytes the clients de-
mand. The byte hit ratio is de ned asthe amount
of data deliveredto the client from the proxy and
normalized by the total bytes the clients demand.
It is usedto show the impact on cacing per-
formancewhen di erent prefetching methods are
used.

Basedon the previous analysis, we know that
oncethe bandwidth of proxy-server link (or con-
nection rate will be used in the following con-
text) is lessthan half of the streaming rate, it
may be impossiblefor the exponertial segmena-
tion strategy to prefetch any uncaded segmeits
in time. Thus, in this evaluation, the streaming
rate of ead object is set in the range of half to

two times of the bandwidth of proxy-serve link.
(Note that other than the results presened in
the following context, we have also evaluated the
performancewith larger rangesof streaming rate
and proxy-sernver bandwidth. The results show
the similar trends with larger gaps between the
uniform and exponertial segmemation strategies,
which we omit dueto the pagelimit.)

4.1 Workload Summary

To evaluate the performance,we conduct simula-
tions basedon two syrnthetic workloads. The rst,
named WEB, simulates accesse$o media object
in the Web ernvironment in which the length of
the video varies from short onesto longer ones.
Since clients' accessedo videos may be incom-
plete, that is, a sessionstarted may terminate
before the full media object is delivered, we use
the secondworkload, named PART, to simulate
this behavior. In this workload, 80% of the ses-
sion terminates before 20% of the object is de-
livered. Both worklgads assumea Zipf-lik e dis-
tribution (p; = fi= N, fi;f; = 1=i ) for the
popularity of the media objects, where is set
to 0:47 for both workloads. They also assume
requestinter arrival to follow the Poissondistri-
bution (p(x; ) = ( )*=(x"H;x = 0;1;2:3)
with a of 4.

Both WEB and PART have a total number of
15188requestsin a day for 400 di erent media
objects. The total size of all media objects is 51
GB. The viewing length of objects rangesfrom 2
to 120 minutes.

4.2 EXxp onential Strat-

egy

In all the following gures, notation Window rep-
reserns the look-aheadwindow basedprefetching
method, and notation Active represerns the ac-
tive prefetching method. The Tradeo represerts
the prefetching method with the consideration of
the trade-o betweenthe byte hit ratio and the
proxy jitter.

Figure 1 shows the performance results by
using workload WEB for the exponertial seg-
mertation strategy. Figure 1(a) shows that

Segmentation
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Figure 1: WEB: (a) Proxy Jitter Bytes, (b) Bytes Prefetched In Time & (c) Byte Hit Ratio
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Exponential-Tradeo has the least proxy jitter
bytes seredto the clients and much lessthan that
of Exponential-Window and Exponential-Active.
As shown in Figure 1(c), although the byte hit
ratio achieved by Exponential-Tradeo decreases
when the cade sizeis lessthan 60% of the total
object size, the overall streaming service quality
provided to the client is improved.

Figure 1(b) shows that Exponential-Tradeo
achieves the largest amournt of data prefetched
in time on averageand decreasesvhen the cate
sizeincreases.This is becausemore data hasbeen
cadced in the proxy with more available cathe
space.

Figure 1(c) shaws that the byte hit ratios for
Exponential-Window and Exponential-Active are
the same. This is expected as our previous anal-
ysisindicates that if the connectionrate is larger
than half of the streaming rate, only the amourt
of prefetched data for thosetwo prefetching meth-
ods are di erent.

Figure 2 shaws the results by using the work-
load PART for the exponertial segmemation
strategy. Figure 2(a) shows that Exponential-
Tradeo still acdhieves the least percertage of
proxy jitter bytes served to the clients. Fig-
ure 2(b) showvs that on average Exponential-
Tradeo achieves the largest amount of data
prefetched in time.

For the partial viewing casesa new metric, the
wastal byte, is usedto evaluate how much of the

in-time prefetched data that is not actually used
since the client terminates earlier. Figure 2(c)
shaws that all three prefetching methods produce
some wasted bytes due to a large percertage of
prematurely terminated sessions. Exponential-
Trade resultsin more wasted bytes than others
sinceit gets more in-time prefetched data.

4.3 Uniform Segmentation Strategy

As aforemerioned, in the experimens, the
streaming rate of ead object is set in the range
of half to two times of the connectionrate, thus
the performanceimprovemert of the uniform seg-
mertation strategy doesnot look assigni cant as
the exponertial segmetation strategy. Also, for
the uniform segmetation strategy, if the connec-
tion rate is larger than half of the streaming rate,
the active prefetching and the look-aheadwindow
basedprefetching methods perform exactly same.
Figure 3 shows the performance results by
using workload WEB. Figure 3(a) shaws that
Uniform-T radeo hasthe least proxy jitter bytes
on average. Although Figure 3(c) shaws it
achieves a lower byte hit ratio, the quality of
the streaming serviceit provides to the client is
the best. Figure 3(c) shaws that the byte hit ra-
tios achieved by Uniform-Window and Uniform-
Active are the same. This is consister to our pre-
vious analysis. On Figure 3(a) and Figure 3(b),
they also achieve the same performance results.
Figure 3(b) shawsthat Uniform-T radeo getsthe
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largest amount of in-time prefetched data.

Figure 4 shows the results by using the par-
tial viewing workload PART. Similar trends
have been obsened as in Figure 3, but with a
smaller performance gap among di erent meth-
ods. Figure 4(a) shows that Uniform-T radeo
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-T radeo  also getsthe largest amount of
data prefetched in time, while Figure 4(c) shows

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

5 Conclusion

In this study, focusing on the segmembased
caching strategieswith a uniform segmen length
or an exponertially increasing segmen length,
we have examined the prefetching issuesin the
segmeitrbased cading strategies. We have pre-
serted and evaluated the look-ahead window



basedprefetching method, the active prefetching
method and the prefetching method with the con-
sideration of the trade-o betweenimproving the
byte hit ratio and minimizing the proxy jitter
analytically and experimertally. The prefetch-
ing method with the trade-o considerationis the
most e ectiv e in reducingthe proxy jitter and can
provide the best quality of streaming delivery to
the clients.

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