
1. Introduction

The World Wide Web (WWW) can give a quick and easy
access to a large number of web servers where users
can find all kind of information, documents and multi-
media files. From the user’s point of view it does not
matter whether the requested files are on the firm’s
computer or on the other side of the world. The usage
of the web has been growing very fast. The number of
internet users increased from 474 million in 2001 to
590 million in 2002, and the forecast for 2006 is 948
million users. According to the facts, that in 1996 the
number of users was only 627.000, the growth is rapid
and we can justify and exponential grows in traffic, too.
The users want to get a high quality service and mod-
est response time. 

The answer from the remote web server to the client
often takes a long time. One of the problems is that the
same copy of the file can be claimed by other users at
the same time. Because of this situation, identical copies
of many files pass through the same network links, re-
sulting in an increased response time. A natural solu-
tion to avoid this situation is to store this information. In
general, caching can be implemented at browser soft-
ware; the originating Web sites; and the boundary bet-
ween the local area network and the Internet. Browser
cache are inefficient since they cache for only one user. 

The caching at the Web sites can improve perfor-
mance, although the requested files are still subject to
delivery through the Internet. It has been suggested
that the greatest improvement in response time for cor-
porations will come from installing a Proxy Cache Ser-
ver (PCS) at the boundary between the local area net-
work and the Internet. Requested documents can be
delivered directly from the web server or through a proxy
cache server. A PCS has the same functionality as a
web server when looked at from the client and the same
functionality as a client when looked at from a web
server. 

The primary function of a proxy cache server is to
store documents close to the users to avoid retrieving
the same document several times over the same con-
nection. In this paper, a modification of the performance
model of Bose and Cheng [1] is given to deal with a
more realistic case when external arrivals are also allowed
to the remote Web servers and the Web servers have
a limited buffer. For the easier understanding of the ba-
sic model and comparisons we follow the structure of
the cited work. 

In Section 2, we construct a queuing network model
to study the dynamics of installing a PCS. Overall re-
sponse-time formulas are developed for both the case
with and without a PCS. 

In Section 3, numerical experiments are conducted
to examine the response time behavior of the PCS with
respect to various parameters of the model. 

Concluding remarks can be found in Section 4.
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2. An analytical model of PCS traffic

In this section, we briefly describe the mathematical mo-
del with the suggested modifications. Using proxy cache
server, if any information or file is requested to be down-
loaded, first it is checked whether the document exists
on the proxy cache server. (We denote the probability of
this existence by p). If the document can be found on
the PCS then its copy is immediately transferred to the
user. In the opposite case the request will be sent to the
remote Web server. After the requested document arrived
to the PCS then the copy of it is delivered to the user.
The advantage of a PCS depends on several factors:
The probability of the “cache hit rate” of the PCS, the
speed of the PCS, the bandwidth of the firm’s and the re-
mote network and the speed of the remote web server [1]. 

Fig.1. illustrates the path of a request in the modi-
fied model starting from the user and finishing with the
return of the answer to the user. The notations used in
this model are collected in Table 1. 

We assume that the requests of the PCS users
arrive according to a Poisson process with rate λ and
the external arrivals at the remote web server form a
Poisson process with rate Λ. Let F be the average of
the requested file size. Now we define the variables in
the figure: λ1 = p*λ; (1)

λ2 = (1−p)*λ; (2)
λ3 = λ2 + Λ; (3)

The solid line in Fig 1. (λ1) represents the traffic,
when the requested file is available on the PCS and
can be delivered directly to the user. The λ2 traffic de-
picted by dotted line, represents those requests which
could not be served by the PCS, therefore these re-
quests must be delivered from the remote web server.

Naturally the web server serves not only the requests
of the studied PCS but it also serves requests of other
external users. Let λ3 denote the intensity of the over-
all requests arriving to the remote Web server. The  traf-
fic undergoes the process of initial handshaking to
establish a onetime TCP connection [7,1]. We denote
by Is this initial setup.

According to [1], “The remote Web server perfor-
mance is characterized by the capacity of its output
buffer Bs, the static server time Ys, and the dynamic
server rate Rs.” In our model, we assume that the Web
server has a buffer of capacity K. Let Pb be the proba-
bility that a request will be denied by the Web server. As
it is well-known from basic queueing theory, the block-
ing probability Pb for the M/M/1/K queueing system:

(4)

where
(5)

Now we can see that the requests arrive to the buffer
of the Web server according to a Poisson process with
rate λ4 = (1−Pb)*λ3 (6)

The performance of the firm’s PCS is characterized
by the parameters Bx c, Yx c and Rx c.

If the size of the requested file is greater than the
Web server’s output buffer, it will start a looping process
until the delivery of all requested file’s is completed. 

Let
(7)

be the probability that the desired file can be deliv-
ered at the first attempt. Let λ4’ be the rate of the re-
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Figure 1.



quests arriving at the Web service considering the loop-
ing process. According to the conditions of equilibrium
and the flow balance theory of queueing networks

λ4 = q λ4’ (8)

Then, we get the overall response time:

(9)

The response time Tx c consists of three terms. The
first term is the time to check whether the requested file
is on the PCS or not. This is derived from the waiting
time in an M/M/1 queueing system where the arrivals form
a Poisson process with rate λ, the service rate is 1/Ix c.

The second term is the response time in the case if
the requested document exists on the PCS, the prob-
ability of which is p. The first item in this term is the wait-
ing time on the PCS, where 

the numerator is the “service demand”. 

The second item in the second term corresponds to
the required time for content to travel through the client
network bandwidth. The third term is the response time
when the requested file does not exist on the PCS.
The probability  of that event is (1-p). This term consists
of three terms too. The first item is the expected one-
time  initialization time of the TCP connection between
the PCS and the remote web server. The second item
is the waiting time of the queueing system on the re-
mote Web server, where λ4’ = λ4 /q and F / NS is the
expected time of transferring the requested documents
on the network of the bandwidth. The third term is the
waiting time of the PCS when the copy of the request-
ed document is transfered to the user.

When there is no PCS, the overall response time T,
is given by the same arguments:

(10)

3. Numerical results

For the numerical explorations the corresponding para-
meters of Cheng and Bose [1] are used. The value of
the other parameters for numerical calculations are: 

Is  = Ixc = 0.004 sec,  Bs = Bxc = 2000 bytes, 
Ys = Yxc = 0.000016 sec,  Rs = Rxc = 1250 Mbyte/s,
Ns = 1544 Kbit/s  and  Nc = 128 Kbit/s.

In figures the dotted line plot the case with a PCS and
the normal line depicts the case without a PCS.

3.1. Effect of arrival rate
In Fig. 2. the response time is depicted as a func-

tion of the arrival rate. In this figure the external arrival
rate is 100 requests/s and the cache hit rate is 0.1. We
see that in this case the response time will be greater
when we install a PCS. In Fig. 3. we use the same pa-
rameters, but the cache hit rate is 0.25. In this case the
response time is the same with and without a PCS. In
Fig. 4. we use a higher external arrival rate (Λ = 150)
with a smaller cache hit rate (p = 0.1). When λ is small-
er than 70 requests/s the response time is larger with a
PCS than without a PCS. 

When we use a higher cache hit rate with a higher ex-
ternal arrival rate (Fig. 5., p = 0.25, Λ = 150) the efficien-
cy of PCS is clear. In this case the response time with a
PCS will be smaller than the response time without a
PCS for any value of the arrival rate. So, we can see
that the performance of a PCS depends on a high
scale of the firms behaviour, but when the intensity of
the requests from the firm is greater than 70, and the 
external arrival rate is 150 requests/s then it is enough
a small cache hit rate to access a smaller response time.

3.2. Effect of external arrival rate
Now we investigate the effect of the external arrival

rate. In Fig. 6. the arrival rate from the PCS is 20 re-
quests/s, the requested file size is 5000 byte and the
cache hit rate is 0.1. We can see that with these para-
meters installing a PCS we get a higher response time.
In Fig. 7. we modified only the cache hit rate probabili-
ty to 0.25. In this situation when we have more than
140 external requests/s then the response time with
PCS is smaller than without a PCS. When the cache hit
rate probability is smaller (p = 0.1) and λ = 70 requests/s
(Fig. 8.) then the response time with a PCS is smaller
than without, when we use a greater external arrival rate
(Λ > 150). When we use a higher cache hit rate pro-
bability (Fig. 9., p = 0.4) then the response time with a
PCS is smaller, independently of the external arrivals. 

Observing Fig. 6-9., we can find that in general the
response time with and without a PCS increases when
the external arrival rate increases. When the arrival rate
of the studied firm is modest (20 req./s) then the bene-
fit of the PCS is visible when the external arrival rates are
bigger or when the cache hit rate probability is higher.

4. Conclusions

We modified the queueing network model of Bose and
Cheng [1] to a more realistic case when external arri-
vals are allowed to the remote web server and the web
server has limited buffer. To examine this model we con-
ducted numerical experiments adapted to realistic para-
meters. We noticed that, when the arrival rate of re-
quests increases, then the response times increase as
well regardless of the existence of a PCS. But in con-
trast with [1] when external arrivals are allowed to the
remote web server, the PCS was beneficial with a low
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traffic and a low cache hit rate. When we used a high
arrival rate with a high cache hit rate probability, then
the response time gap was more significant between the
cases with and without a PCS.

To compare the two models we examined the effect
of the external arrival rate. With low external arrival rate

installing a PCS resulted
higher response times. In-
creasing the external arri-
val rate, the difference bet-
ween response time with
and without a PCS was
smaller and smaller until this
difference vanished and the
existence of a PCS result-
ed lower response times.

Examining numerical re-
sults it was clear that allow-
ing external arrivals and li-
mited buffer a more realis-
tic model was obtained.
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Figure 2.
p=0.1, F=5000 bytes, Λ=100, K=100

Figure 3.
p=0.25, F=5000 bytes, Λ=100, K=100

Figure 4.
p=0.1, F=5000 bytes, Λ=150, K=100

Figure 5.
p=0.25, F=5000 bytes, Λ=150, K=100

Figure 6.
λ=20, p=0.1, F=5000 bytes, K=100

Figure 7.
λ=20, p=0.1, F=5000 bytes, K=100

Figure 8.
λ=70, p=0.1, F=5000 bytes, K=100

Figure 9.
λ=20, p=0.4, F=5000 bytes, K=100


