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Abstract

The response time, the bandwidth usage, and the server
load are three representative performance metrics used for
the proxy cache consistency mechanisms. However, the pri-
mary metric affecting the overall performance can be dif-
ferent depending on the situations.

At the network bottleneck such as the inter-continental
backbone, the network bandwidth is limited. Also, the re-
sponse time is a basic performance metric used for the
proxy cache, and unsatisfactory response time can be a rea-
son that the clients hesitate to use the proxy cache, which
may increase the network traffic potentially. Hence, we
should give higher priorities to the response time and the
bandwidth usage at the bottleneck, compared to other met-
rics.

In this paper, we suggest a proxy server structure on
the network bottleneck, which improves the response time
even with a little network traffic reduction at the bottleneck.
Its cache consistency mechanism is based on the periodic
polling, performed at the polling server located beyond the
bottleneck. Our approach may increase the network band-
width beyond the bottleneck and the loads of the origin web
servers. However, the faster response time and the reduced
network traffic at the bottleneck can compensate for them.

1. Introduction

The rapid growth of the WWW also leads the increas-
ing needs for the network bandwidth. The proxy server
cache was suggested for reducing the network traffic, which
caches the popular internet objects. Besides that, the
caching in the proxy server can be used to achieve the faster
response and to reduce the load of the web server. However,
the value of the caching is reduced if the objects in the cache
are different with the original ones because of the updates
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at the origin servers.

To solve this problem, some proxy cache consistency
mechanisms have been suggested[13][7][2][4][1]. They
can be classified into three types: time-to-live field, client
polling, and invalidation protocol[S]. Time-to-live(ttl) field
is an estimate of a cached object’s life time. Each cached
object is assigned a ttl value, and when the ttl elapses
the next request causes the object to be requested from
the origin server. It can be implemented easily using
HTTP “Expires” header. Client polling is a mechanism
where clients(or the proxy caches) check the validities of
the cached objects, and it can be implemented using “If-
Modified-Since” field of the HTTP header. If the strong
consistency is required, invalidation mechanism is used.
With the invalidation mechanism, each web server keeps
the information about the client caching, and notifies all the
clients if the objects are modified. However, the invalida-
tion mechanism has some drawbacks. Firstly, servers have
to keep track of where their objects are cached. Secondly,
it should consider the temporarily unreachable servers. Fi-
nally, it requires the modifications of the servers. In these
previous works, the response time, the bandwidth usage,
and the server load were three representative performance
metrics used for the proxy cache consistency mechanisms,
and they were equally weighted.

In this paper, we consider the case of the network bottle-
neck such as the inter-continental backbone, where overall
network bandwidth is limited. For the better response at the
bottleneck, the expansion of the bandwidth can be consid-
ered. However, it is much more expensive compared with
that of the normal link. Also, one of the ways for reduc-
ing the network traffic is to encourage the clients to use the
proxy server cache, and the faster response may lead the
clients to use the cache. Hence, we put higher values for the
response time and the bandwidth usage at the network bot-
tleneck compared to other metrics. Moreover, [9] insisted
that the response latencies are hardly related with the web



server loads. It means that the server load may be less valu-
able than other metrics. Consequently, we assume that the
response time and the bandwidth usage at the bottleneck are
more important than others.

With this assumption, we suggest a proxy server struc-
ture and its cache consistency mechanism which can reduce
the response time even with a little reduction of the net-
work traffic at the bottleneck. We use the polling server
to check the validities of the cached objects. The polling
server periodically verifies from the origin servers whether
each cached object has been updated since the last valida-
tion. If some objects has been updated, the polling server
sends the invalidation message to the proxy server. Finally
the proxy server removes the objects from the cache(or just
marks them as stale). The proxy server guesses that all the
cached object is fresh. Hence it can immediately respond
to the clients as long as the requested object is in the cache,
skipping the process to verify from the origin server. Also,
the network usage at the bottleneck is slightly reduced be-
cause the verification messages from the proxy server are

" eliminated. The polling server generates many verification
messages which increase the network traffic, hence it should
be located on the other side of the bottleneck, not to increase
the traffic at the bottleneck.

Section 2 describes the suggested structure of the proxy
server and its cache consistency mechanism. Section 3
presents the simulation results using some proxy cache logs
and analyzes the results. Section 4 explains some ongoing
works. Section 5 summarizes the results.

2. Server Structure and its Consistency Mech-
anism

[13] suggested the lightweight caching server, which is
consisted of proxy server, cache manager and rcached dae-
mon. The cache manager uses different consistency mech-
anisms for the objects depending whether they are regis-
tered in rcached or not. For the registered objects, rcached
located on each remote server, sends the invalidation mes-
sages when the objects are updated. For the unregistered
ones, the cache manager periodically sends the messages
with “If-Modified-Since” header(IMS) to the origin server
and checks their validities. Hence, the lightweight cache
can guess whether its cached objects are fresh, without con-
tacting the origin server at the request time.

The mechanism proposed in our paper is similar to one
of the mechanisms of the lightweight proxy server. The
polling server in our server structure periodically checks the
validities of the cached objects like the cache manager of the
light weight caching server. However, we consider the lim-
ited bandwidth of the network bottleneck. Though the IMS
messages are relatively small, the pollings for the bulk of
the objects can seriously increase the network traffic at the
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bottleneck. So, we put the polling server at the other side of
the bottleneck(Figure 1).

When the polling server verifies the updates for some
cached objects, it sends the invalidation messages to the
proxy server. After receiving the invalidation messages
from the polling server, the proxy server removes the ob-
jects from the cache(or just marks them as stale). All the
cached objects can be considered as fresh. Hence, the proxy
server can respond immediately for the clients’ requests,
which can provide the faster response to the clients. More-
over, it eliminates the network traffic caused by the IMS
messages, which are unnecessary in this structure.

The polling server should maintain the polling list which
includes the following information for the objects being
polled.

¢ URL
e Modification time

o Last validation time

The information is kept on the polling server by extract-
ing from the messages passing through. Such a server struc-
ture can incur some latencies because of the connection time
between the proxy server and the polling server. However,
such an supplementary server is already used in some pre-
vious works. The Japan Cache project[11] located an ad-
ditional proxy server in North America and could get some
benefits from it, regarding the issues of the access behavior
differences, the cache space, the usage of the international
link, and the interconnection in Japan. Also, the supplemen-
tary server is used in [10], which compresses the objects to
reduce the network traffic. Under such environments, our
consistency mechanism incurs no additional latencies. If
there is not such an supplementary server, we should use
some proper protocols between the proxy server and the
polling server, such as the persistent TCP connection used
in HTTP 1.1[6]. Such protocols can be used to minimize
the latencies incurred by the polling server. However, we
assume on later simulations that there is no latency caused
by the polling server.

The polling server can increase the network traffic be-
yond the bottleneck, and also the web server load because
of the periodically generated polling messages. We will dis-
cuss about the benefits and even the sortcomings in the next
section.

3. Performance Evaluation

In this section, we compare the performance of the sug-
gested server with the client polling explained in Section 1,
assuming that all the cached objects have fixed TTLs. For
this comparison, we used four metrics: the response time,
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Figure 1. The proxy server structure.

the bandwidth usage at the bottleneck, the bandwidth usage
beyond the bottleneck, and the server load.

We used the logs of Seoul National University proxy
cache, which were logged during 2 days(19-20th) in
November, 1997. In our simulations, the proxy cache
was warmed up with the logs of 2 previous days(17-18th,
November). The disk is less valuable compared to that of
the bandwidth at the bottleneck. We assumed the infinite
size cache and didn’t consider the cache replacement pol-
icy. 10 Gigabytes storage was sufficient to cache all the
objects accessed during the 4 days.

In our simulations, we classify the requests into three
classes, HIT, MISS, and VERIFY. HIT is a request for an
cached object which the proxy cache considers fresh. MISS
can be one of the two cases: the cold miss and the stale miss.
The cold miss occurs when the requested object is not in the
cache and the proxy server should retrieve the object from
the origin server. The stale miss occurs when the requested
object is cached but the cache cannot guarantee its fresh-
ness, and after contacting with the origin server, the proxy
server verifies that the origin server has updated the object.
In this case, the proxy server should retrieve the up-to-date
object from the origin server. VERIFY occurs when the re-
quested object is cached and cannot guarantee its freshness,
but after contacting with the origin server, the proxy server
verifies that the object is not updated. In this case, the proxy
server can return the cached object to the client. Note that in
our server structure, stale miss and VERIFY never occur if
all the objects are polled from the polling server. However,
if we use some selection algorithms for the polled objects,
it can still experience the stale miss or VERIFY.

In [7], the requests were classified into three classes,
In Cache, Get, and Validate which are similar to ours. In
the paper, the response times are set by the relative values
for that of GET whose value is 1. Consequently, the rel-
ative response times of In Cache, Get and Validate are 0,
1 and a value between 0 and 1 respectively, and they com-
pared some algorithms based on theses values. However,
[8] showed that the TCP connection time cannot be ignored.
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Table 1. Relative overheads of HIT, MISS, VER-
IFY '

Response time | Bandwidth usage
HIT 0.179 0
MISS 1 1
VERIFY 0.425 0.030

It means that the response time for the clients is not O even
though the fresh object is in the cache.

We used the value of the elapsed time in the proxy log to
compute the response time, which is the time between the
accept() and close() system calls for the TCP socket[12].
We got the overheads of the three request types based on our
proxy logs, and recomputed them relatively with the value
of MISS whose value is set by 1, similarly as in [7]. We
showed the overheads in Table 1 and will use these values
in the following experiments. !

The following results show the performance compar-
isons between the algorithm used in our server structure
and the client polling using fixed TTLs,? for various fixed
TTL values(or the polling periods). Before explaining the
results, we should mention the differences between the TTL
of the client polling and the polling period of our algorithm.
With the client polling, the proxy cache assumes an object
is fresh, if the following inequality is satisfied.

o Last Validation time > (Current Time - TTL)

Our polling server periodically polls whether cached ob-
jects are updated at the origin server, so we can guess the
last polling time is similar to the last validation time. Also,
the polling period of the polling server has similar feature
with the TTL value of the client polling, in that both mech-
anisms regard an object as stale if it has been updated since

'We excluded the objects from the simulations whose URL included
“kr/”.

2In this section, we denote the client polling using fixed TTLs, simply
by the client polling.



the TTL time before(or since the last polling time). Figure 2
shows their stale rates for some TTL values(or the polling
periods). The stale rate is the number of known stale cache
hits divided by the number of total requests. In this figure,
we can find that the stale rates are not significantly different
between client polling and the periodic polling for the same
values of the TTL and the polling period.

Figure 3~ 6 compare the performance of our mechanism
with that of the client polling. In these figures, the X-axes
indicate the TTL values(the polling periods). The Y-axes
indicate the relative values of the response times and the
network traffic, compared with the value 1 when all the re-
quests cause MISS and the proxy server has to retrieve all
the objects from the origin servers.

In these figures, polling all objects shows the perfor-
mance results of the suggested mechanism in this paper,
and the Client polling shows the results of the client polling
using fixed TTLs. The selective polling shows the results
when a very simple selection policy for the polled object is
adopted, which polls the objects from their second requests.

Figure 3 compares the response times. In this figure,
the response times are improved especially when the TTL
value(the polling period) is small. With the value of 12 hour,
the response time is improved about 9.2%(6.5% with the
selective polling) compared with that of the client polling.
This is because our algorithm removes verifying process at
the request time. Also, our polling server can reduce the
network traffic at the bottleneck with the same reason. Fig-
ure 4 compares the network traffics at the bottleneck. With
the value of 12 hour, our server can reduce the traffic at the
bottleneck about 1.9%(1.3% with the selective polling).

However, periodic polling can increase the network traf-
fic beyond the bottleneck because it should generate the
polling messages periodically. Figure S compares the net-
work traffic beyond the bottleneck. With the value of 12
hour, our server increases the network traffic beyond the
bottleneck about 18.8%(7.9% with the selective polling).
Figure 6 compares the total number of the requests to the
origin servers, which can be used to measure the server
loads. With the value of 12 hour, the polling server
increases the requests about 389%(166% with selective
polling).

The results show that our server structure can get faster
response and the less traffic at the bottleneck, sacrificing
the server load and the bandwidth beyond the bottleneck.
To reduce the negative effects, we can use some intelligent
selection algorithms for the polled objects. In previous fig-
ures, the selective polling used a very simple selection al-
gorithm for the polled objects, which polls the objects from
their second requests. Even with such a simple algorithm,
we could still get the reasonable results, reducing signifi-
cantly the negative effects of our server. This is because
more than half of the objects are accessed only once during
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In section 2, we explained the lightweight caching server,
which can be compared to our server. The lightweight
caching server uses adaptive TTLs which are adjusted val-
ues according to the ages and the access rates of the ob-
jects, and they didn’t explain the selection algorithm for the
registered objects. In this paper, we assumed the TTLs(or
the polling periods) are fixed, hence we can’t compare
the servers directly. However, we can guess that the net-
work traffic will be seriously increased at the bottleneck if
lightweight caching server is used, because all the verifica-
tion messages should pass through the bottleneck. In Fig-
ure 4, we showed the traffic(denoted by LCS(fixed TTL))
when lightweight caching server is used, assuming the ob-
jects have the fixed TTLs and the server uses the same sim-
ple selection algorithm of ours. We guess that it will show
the similar results even with the adaptive TTLs and we are
studying about various cases including it. For other metrics,
LCS(fixed TTL) shows almost the same results to those of
our mechanism.

Before finishing this section, we should add some more
comments on the negative results for the server load and the
network traffic. The latency time in the web environment
is not directly related with the server load. [9] showed that
the byte-latency is nearly identical even between the servers
whose loads are 20 times different. It means that the latency
on the web hardly depends on the server load. Related with
the bandwidth usage, we should consider the bandwidth at
the bottleneck is much valuable than that beyond the bot-
tleneck. We think that even a small traffic reduction at the
bottleneck compensates the traffic increase beyond the bot-
tleneck.



4. Future works

In this section, we mention some of the ongoing works
related with the suggested server structure.

Adaptive TTL

In this paper, we used the same TTL values and polling
periods for all the objects. However, many consistency
mechanisms have shown better results by using different
TTL values according to the ages and the access rates of the
cached objects. If we use such an adaptive TTL for the ob-
jects, we may reduce the network bandwidth and the server
load less.

Policy for the polling

We have shown two polling policies: polling all the
cached objects, and poling the objects from their second re-
quests. However, if we use some intelligent policies, we
may reduce the network traffic beyond the bottleneck and
the web server load with still notably fast response times.
When the fixed TTL is used, the access rate can be the only
major factor for the selection. However, when the adap-
tive TTL is used, both the modification rate and the access
rate can be the major factors. Currently, we are studying
about the relation between the factors and the optimal cost-
effective selection algorithm considering the network bot-
tleneck.

Usage of the polling server

We assumed that the polling server has just one function
which periodically checks the validity of the cached objects.
However, we can add some more functions to the polling
server, such as the prefetching. Some prefetching mecha-
nisms can be used to reduce the response time and network
traffic during the peak time. They may prefetch the objects
using peak times difference between the time zones and be-
tween the continents. It is also possible to prefetch the stale
objects, which can help reduce the number of stale misses.

5. Summary and Conclusions

In this paper, we proposed a proxy server structure which
improves the response times at the network bottleneck such
as the inter-continental backbone. For this purpose, we put
the polling server beyond the bottleneck, which periodically
checks the validities of the cached objects and preserves the
consistency. We showed by simulations that we could get
faster response time and reduce the network traffic at the
bottleneck.

On the contrary, our server structure can increase the net-
work traffic beyond the bottleneck and the loads of the ori-
gin servers. However, the bandwidth beyond the bottleneck
is less valuable than that of the bottleneck. And it is known
that the server load hardly affects the response times.
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There are some more topics to study related with this
server structure. Currently we are studying about the selec-
tion algorithms for the polled objects considering the net- -
work bottleneck, and some more functions which can be
added to the polling server, like the prefetching.
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