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Abstract—

The efficient distribution of stored information has become
a major concern in the Internet. Since the web workload
char acteristics shows that more than 60% of network trafficis
caused by image documents, how to efficiently distribute
image documents from servers to end clients is an important
issue. Proxy cache is an efficient solution to reduce network
traffic. And it has been shown that an image caching method
(Graceful Caching) based on hierarchical coding format
showed better performance than conventional caching
schemesin recent years. However, as the capacity of the cache
is limited, how to efficiently allocate the cache memory to
achieve a minimum expected delay timeis still a problem to be
resolved.

This paper presents an integrated caching algorithm to deal
with the above problem in the Internet. By analyzing the web
request distribution of Graceful Caching, both replacement
and pre-fetching algorithms are proposed. We also show that
our proposal can be carried out based on information readily
available in the proxy server and it flexibly adapts its
parameters to the hit rates and access pattern of users
requesting documents in the Graceful Caching. We finally
verify the performance of thisalgorithm by simulations.

Index— Graceful Caching, Network Traffic, Web Caching,
Web Performance, Caching Algorithm

I. INTRODUCTION

As the scade and use of the Internet increase, Web
content providers find that it is difficult to serve all users
with low response time, especialy in the face of high
loads. In recent years, how to set up content distribution
networks to efficiently distribute stored information has
become amgjor concern in the Internet [1] [2].

Since the web workload characteristics shows that
amost 67% of network traffic is caused by image
documents [7], how to efficiently distribute image
documents from servers to end users is a very critical
issue. Proxy caches are commonly introduced between
servers and clients to reduce data traffic and improve

response time in the Internet, because data is cached
temporarily in the proxy cache and utilized many times.

Il. GRACEFUL CACHING

However, current system employs a “hard” caching
strategy: an image is stored in a cache or not even if its
datais quite big.

To overcome this problem, a caching scheme called
Graceful Caching [5][6], in which a progressive image
format is used and a low resolution version of the
original image can be kept in the cache, is proposed. By
doing this, variable amounts of cache memory can be
assigned to each image according to clients demand.
This hierarchical image caching system has been shown
to achieve substantial performance improvement [6].

The advantage of this approach is that, in many cases,
users will not need to download full resolution images
from the server if an acceptable quality of image is
retrieved. Furthermore, at the same time, more kinds of
images can be kept in the cache for user’s re-utilization
by using hierarchical image format.

I1l. CACHING ALGORITHM

As the cache capacity is limited, how to efficiently
alocate cache memory plays an important role in cache
performance. This so —called caching agorithm has
attracted many researches. However, most of the current
available agorithms are for the conventional (hard)
caching schemes. How to determine which images and
which layers in the images should be cached and
replaced are not mentioned [9][10][12]. Besides, most of
the common algorithms simply concern themselves with
just how to replace the object from the cache. They show
little consideration for how to fetch the object from the
server to the cache [3][8][13]. In this paper, we therefore



try to present an integrated caching algorithm in which
both replacement and pre-fetching for this Graceful
Caching (soft cache) system will be considered.

IV. THEORETICAL ANALYSIS

We firstly carry out a theoretical analysis of the web
access of Graceful Caching.

Web request probability in the Graceful Caching

We define the probability space on a set of N images
with L layers, by introducing parameters Q={A, B, P} as
follows:

A={ a, ; thej th layer of imagei},

i={1,...,N},j={1,...,L},

B:{ bi,j :{ a; g 5o
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Here, BisaBorel field, the family of partial subsets of
A which is dtrictly regulated by Progressive JPEG
encoding format [14]. For example, the user can't
regquest for the (j+1)-th layer of one image unless he has
got the j-th layer before. P is the probability measure that
maps B into a[0,1] value, P (b= b, | )= P(i,]).

After analysis, in this paper we obtain a web request
probability for the j-th layer of image i by the following
equation:
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Here, Q,a are parameters of Zipf distribution, and r;
is the ranking of the imagei. d j (Greedy Degree) means
a probability that a user will request the (j+1)-th layer
after getting the j-th layer. k means the number of layers
in the cache; when a user begins to request an image,
there are k layers of that image stored in the cache at that
time.
After analysis, we also obtain the Greedy Degree by
the following equation:
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We also prove that, if the original image is divided
into 4 layers (L=4) as a simple scenario, a following
matrix can be defined

k={0,....L} j={0,....L-1} (2)
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where d4’j=1, doyj:l, and dk’ o=1.

From Equation (3), we can find that we only need to
caculate three parameters (P,, P2, P3) if images are
divided into four layersin total.

V. PROPOSED ALGORITHM

In this section, the proposed integrated caching
algorithm will be introduced. Our proposed algorithm
consists of two parts. One is a replacement algorithm
presented in 1. Another is a pre-fetching algorithm
presented in 2.

1 Replacement Algorithm

Assume that k layers of image i are in the cache, if we
remove its k-th layer (the largest size layer in the cache),
there will be only k-1 layers in the cache. According to
Equations 2 and 3, the vector of D will be D1 ={1,...,1,
pk.l,l,...,l}.

If a user requests image i next time, the probability
that he is not satisfied with the quality of k-1 layers,
which means amiss hit, can be got from Equation. 1.

Asthere are k-1 layers in the cache and a user wants to
get the k-th layer after getting k-1 layers, the probability
that miss hit happens will be as follows;
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SinceDy1={1,...,1, pxw,L,...,1}, we can get,

P(i k) = 2Pkt r'zk—l ®)
|

As a result, when the cache is full and we need to
make room for the new coming object, the question is
simplified to calculate the index as the Equation 5 for the
objects in the cache. The data whose index is the lowest
(the probability of miss hit is the lowest) will be first
removed from the cache.

2 Pre-fetching Algorithm

It has been proved that most of web requests to a
server are for avery small set of objects[10][15]. Recent
studies suggest that prefetching those objects can further
increase cache hit ratio as long as future client requests
are tactfully anticipated [16][17][19]. When one
prediction interval is over, we can consider the contents
in the cache could also be adjusted at the same time.
Here we will compare the access probability of the
objects in the cache and objects in the server. If an object



in the server, which has not been cached yet, has the
higher probability than some object in the cache, it will
be pre-fetched in the cache.

For images i with the predicted ranking r;, we assume
there are k layers in the cache now. Based on Equation 2,
we can derive:
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The cache system can then compare the access
probability of all parts of all images. A threshold of
access probability can be decided according to the cache
capacity. If the access probability of one object in the
cache is lower than this threshold, it will be removed
from the cache. On the other hand, if the access
probability of one object in the server is higher than this
threshold, it will be pre-fetched from the server.

VI. EVALUATION OF ALGORITHMS

A. Smulation Conditions

We assume that there are 5000 different images in the
server. Images are supposed to be accessed according to
Zipf-like frequency distributions [11][12]. The Zipf-like
parameter o is0.8.

The original images will be encoded into a hierarchical
image format with four layers. The data size of different
layers is proportional to 5:13:22:59 according to the
Progressive JPEG format [14], in which the fourth layer
has the largest size. Cache size is 5% of the total size of
al imagesin the server.

In Equation5, 7 and 8, Q,« are parameters of Zipf
distribution. As a result, as long as we get px and r;
(image ranking), the algorithm can be carried out.

As for py, from Equation 3 we can find that we only
need to calculate three parameters (P1, P2, Ps3) if images
are divided into four layers in total. And px can be
directly obtained from the local cache information (miss

hit ratio) when the cache sends all stored layers (1~k) to
the user.

In our simulation, the values of pj, (j=1,2,3), they are
firstly evaluated by using a group of real data as shown
in [4]. We then experimentally compare our proposed
algorithm with other three previous caching algorithms:
LRU, OPT-SOFT, TTLLRU.

We analyze the performance of the algorithm with
different access patterns. In this simulation, two extreme
access situations are evaluated. In one case, an access
pattern is static, where the image ranking (r;) is not
changed at all during the simulation. In the other case, an
access pattern (ry) is intensively changed temporarily in
order to investigate the robustness of every algorithm
under dynamic access pattern changes. We assume that
the simulation time is 30 days and the ranking of all
images is changed about 5% percent within every 8 days.

B. Smulation Results

Hit-ratio has been popularly used to evaluate the cache
performance by most researchers [7][9][10][13][19].
Hit-ratio is defined as the ratio of request times that the
data requested by the user can be directly found in the
cache to the total number of regquests from the user.

Fig.l shows the hit ratio when four different
replacement algorithms are used under the completely
static access pattern. Not only OPT-SOFT but aso
TTL-LRU and the proposed algorithm outperform the
commonly used agorithm, LRU, OPT-SOFT and
TTL-LRU provide a modest improvement while the
proposed algorithm achieves the best result.

Next, we also evaluate their performances when the
clients access pattern is intensively changed. From Fig.
2 we can see that the proposed algorithm is much better
than the others, although its performance drops slightly
compared with the result under the static access pattern.
However, OPT-SOFT drops most among the four
algorithms. The reason is that the access frequency in the
last period is used to decide images priorities. And it
can't reflect the current image popularity. Although LRU
showed poor results in Fig 1, its performance is very
stable under the dynamic access pattern. This is because
it always keeps the most recently used image in the
cache. Performance of TTL-LRU is close to LRU as
shown in Fig.2. The proposed agorithm works well
under the dynamic access pattern, too. This is because,
on one hand, prediction of popular images can prevent
the replacement algorithm from removing current
popular objects from the cache. On the other hand,



pre-fetching can aso help the cache to keep user's
favorite imagesin the cache.

From Fig.1 and Fig.2, we can find that our proposed
algorithm is the best and the most adaptive one since it
achieves the best results under both of the two extreme
access patterns.
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Fig 2: Hit Ratio under Dynamic Access Pattern

Fig.3 and Fig.4 compare relative response times with
respect to the commonly used algorithm, LRU.
According to the investigation on the range of users
access bandwidths [7], we assume that the bandwidth
between clients and a proxy to be 1Mbps and the
bandwidth between servers and a proxy to be 64Kbps.
Fig.3 shows that the proposed algorithm has the shortest
relative response time under completely a static access
pattern. It can reduce the response time up to 20 %,
which is amost 5 % more than the reduction that
OPT-SOFT has achieved.

Fig.4 shows that the proposed algorithm can also
reduce the response time around 20 % compared with
LRU, when the clients access pattern is intensively
changed. Compared with the result in Fig 3, our
proposed agorithm is the most stable one since its

performance under the different access patterns doesn’t
change very much. Note that the other algorithms
performances drop drasticaly when the popularity
ranking of images is changed. Theresultsin Fig.1~ Fig.4
also verifies that the algorithm that gets a high hit ratio
also obtains a shorter response time.
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Fig 3: Relative Response Time under Static Access
Pattern

Relative Response Time under Dynamic Access Pattern
12
g 11
E
(5}
172
<
o
o
n
o)
o
%)
=
=]
<
©
o
0 10 20 30
Simulation Time (Days)

Fig 4: Relative Response Time under Dynamic Access
Pattern

If web objects’ access pattern can be predicted, it will
be helpful to improve the cache performance. However,
as there are numerous images in the server, it is
unredlistic to predict al images access frequency.
Moreover, since references to images accessed only once
account for alarge fraction, it is not necessary to predict
these once-accessed images in every prediction interval.

Previous researches showed that the distribution of
web requests from a fixed group of users follows a
Zipf-like distribution. It has been proved that most web
requests to a server are for avery small set of objects, for
example top 10 %[10]. Because of this property, it is
enough to only predict that aforesaid set of images. That



isto say: it is not necessary to predict the access counts
for all images because web access web follows a Zipf
distribution.

In the simulation in Fig.1~ Fig.4, only top 20 %
popular images' access frequency was predicted. In Fig.
5 we will test the performance of our proposal when the
predicted percentage is changed from 0.0 to 1.0. Form
Figure 5 we can find the hit ratio is relative low when the
predicted percentage is lower than 10%. And the
performance becomes stable after predicting top 20%
popular images.
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Fig.5: Performance of the Proposal vs. Predicted
Percentage

The reason can be found from web access distribution.
According to Zipf distribution, most of the requests are
for a very small set of objects. Top 20% of the images
account for about 70% of all requests seen by the cache,
and top 50% of the images account for 85% of all
requests [12]. When more than top 20% images access
counts are predicted, the cache can know that most of all
reguests are to the cached images with high probability.
That is to say: the access pattern is amost predicted. As
a result, the performance becomes stable. The result in
Figure 5 proves the conclusion that only predicting part
of popular images' access count is enough for predicting
the access pattern of web access.

VII. CONCLUSION AND FURTHER WORK

In this paper, based on the analysis we proposed an
integrated caching algorithm in which both cache
replacement and image pre-fetching were carried out.
We quantitatively evaluated our proposal and compared
our proposal with other previous ones. The results
showed that the proposed algorithm outperforms all of
the previous ones. Both cache hit ratio and user response

time have been efficiently improved.

As an increasing number of streaming media objects
have been being distributed over the Internet, caching
and distributing streaming media in Content Delivery
Networks by using layered encoded method will be
considered as an extension of our work in the future.
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