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Abstract. Web prefetching techniques have pointed to be especially important to reduce web latencies and, 
consequently, an important set of works can be found in the open literature. But, in general, it is not possible to do a 
fair comparison among the proposed prefetching techniques due to three main reasons: i) the underlying baseline 
system where prefetching is applied differs widely among the studies; ii) the workload used in the presented 
experiments is not the same; iii) different performance key metrics are used to evaluate their benefits.  

To deal with the first two problems we propose a new and free available environment to efficiently implement and 
study prefetching techniques. Our framework is a hybrid implementation that combines both real and simulated parts 
in order to provide both flexibility and accuracy. It reproduces in detail the behavior of web users, proxy severs and 
original servers. The simulator includes an independent module to provide performance results, such as precision 
(prefetching accuracy), recall, perceived latency, and byte transference. 

Related with the third mentioned problem our main concern is to identify which the main meaningful indexes are 
when studying the performance of different prefetching techniques. For this purpose, we propose a taxonomy based in 
three categories, which permits us to identify analogies and differences among the indexes commonly used. The 
choice of the appropriate key metric is of paramount importance for a correct and representative study.  

Keywords— Performance Evaluation; Web Prefetching Techniques; Simulation; Spatial Locality; Web 
performance 

I. INTRODUCTION 

Many research efforts have been concentrated on the web architecture and organization using and exporting 
techniques already learned and widely used in computer architecture to improve the performance. 

Those techniques take advantage of the locality properties inherent to the web objects accesses. In the Web, the 
locality has three different characteristics: temporal, spatial and geographical, which permits to implement efficiently 
caching, prefetching and replication techniques in order to increase performance. As a result, many efforts 
(commercial and research) applying those techniques in the Web architecture have been carried out to increase 
performance. 

Some studies concentrate on the proposals of new prefetching techniques. Performance comparison studies among 
them can not be fairly done because the proposed approaches are applied and tested in different baseline systems 
using also different workloads and conditions. In addition, the studies present different performance key metrics to 
evaluate their benefits.  

In order to do fair performance comparison studies we need to tackle the mentioned drawbacks. In a first step, we 
address our work to analyze a large subset of key metrics and propose a taxonomy based in three main categories, 
which permits us to identify analogies and differences among the metrics commonly used. Second, we propose a 
general experimental framework which permits the implementation of prefetching techniques in a flexible and easy 
way, under the same platform and real workloads; therefore, the same experimental conditions can be considered.  

The remainder of this paper is organized as follows. Section 2 presents the proposed taxonomy for prefetching 
performance metrics. Section 3 describes the block diagram and components of the proposed tool as well as the 



performance metrics it provides. An example is given in section 4 and finally section 5 includes some concluding 
remarks. 

 

II. WEB PERFORMANCE INDEXES TAXONOMY 

This section surveys the web performance indexes appeared in the open literature focusing on prefetch aspects. To 
the better understanding of the meaning of those indexes, we classify them into three main categories (see Figure 1), 
attending to the system feature they evaluate: 

• Category 1: prediction related indexes. 
• Category 2: resource usage indexes. 
• Category 3: end-to-end perceived latencies indexes. 

The first category is the main one when comparing prediction algorithms performance and includes those indexes 
which quantify both the efficiency and the efficacy of the algorithm (e.g., precision). The second category quantifies 
the additional cost that prefetching incurs (e.g., traffic increase or processor time). This cost may become really high; 
thus, it must be taken into account when comparing prefetching techniques, thus those indexes can be seen as 
complementary measures. Finally, the third category summarizes the performance achieved by the system from the 
user point of view. Notice that prefetching techniques must take care of the cost increase because they can negatively 
impact on the overall system performance (traffic increase, user perceived latencies). Therefore, the three categories 
are closely related since, in order to achieve a good overall performance (category 3), prefetching systems must trade 
off the aggressiveness of the algorithm (category 1) and the cost increase due to prefetching (category 2). 

Different definitions for the same index can be found in the literature (e.g., precision) and this fact increases the 
heterogeneity of the research efforts. Here, we only include the definition we consider more precise and appropriate 
for evaluation purposes. In the cases where several names match the same definition, we select the most appropriate 
index name our point of view. The goal of this section is not only to help the understanding of the indexes but also to 
discuss their usefulness, distinguishing those used for comparison purposes in any prefetching systems from those 
applicable to a particular prefetching technique (i.e. specific). Specific indexes are only found in the Category 1 
(Prediction), as shown in Figure 1. 

 
Prefetch Metrics

Prediction Resource
Usage

Latency

Generic Specific
Network

Level
Computing

Level  
Fig. 1. Prefetching metrics taxonomy 

3.1   Prediction Related Indexes 

This group includes those indexes aimed at quantifying the performance that the prediction algorithm provides. 
Prediction performance can be measured at different moments, for instance when the algorithm makes the prediction 
and when prefetching is applied in the real system. Thus, each index in this category has a dual index; e.g., we can 
refer to precision of the algorithm and precision of prefetch.  

3.1.1 Generic Indexes 

Precision (Pc). Precision measures the ratio of good predictions to the number of predictions [1],[3],[5],[26]. 
Precision, defined in this way, just evaluates the algorithm without considering physical system restrictions; e.g., 
cache, network or time restrictions; therefore, it can be seen as a theoretical index. For a more formal description see 
[10]. 



Other research studies refer to this index as Accuracy [7],[8],[11],[18],[20], [23], [30] while some others use a 
probabilistic notation; e.g., some Markov chains based models like [25] Pr(hit|match).  

Some research works measure the impact on performance of the precision [11],[18]. In these cases, the number of 
prefetched objects and prefetch hits are used instead of the number of predictions and good predictions respectively.  

Recall (Rc). Recall measures the percentage of requested objects that were previously prefetched [1],[5],[26]. The 
recall quantifies the weight of the predicted or prefetched objects over the amount of objects requested by the user. 
Notice that this index only deals with the number of good predictions made but not with the total amount of 
predictions. Some research works refer to this metric as usefulness [20],[23] or hit ratio [19]. Predictability has been 
employed in [27] to refer to the upper limit of the recall. 

Precision alone or together with recall has been the most widely used index to evaluate the goodness of prediction 
algorithms. Each response request time consists of four main time components; i.e., connection establishment, request 
submitting, request processing, and response transference. Both precision and recall are closely related on the three 
first components. Therefore, authors feel that a complete comparison study about prediction algorithms should also 
include byte related indexes to quantify the last component. In this sense, analogously to the web proxy caching 
indexes (e.g., the byte hit ratio) [4], we propose the use of byte precision and byte recall as indexes to estimate the 
impact of prefetching on the time that the user wastes when waiting for the bytes of the requested objects. 

Byte Precision (PcB). Byte precision measures the percentage of prefetched bytes that are subsequently requested. 
It can be easy calculated by replacing the number of predicted objects by their size in bytes in the corresponding 
equation. 

Byte Recall (RcB). Byte recall measures the percentage of demanded bytes that were previously prefetched. As 
mentioned above, this index quantifies how many accurate predictions are made, measured in transferred bytes. This 
index becomes more helpful than the previously mentioned recall, when the transfer time is an important component 
of the overall user perceived latency.  

3.1.2 Specific Indexes 

Request savings. Request savings measures the number of times that a user request hits in the browser cache or the 
requested object is being prefetched, in percentage of the total number of user requests [12]. Furthermore, the request 
savings can be broken down into three groups depending on if they were previously prefetched; have been partially 
prefetched or cached as normal objects. 

Notice that when prefetching is user-initiated the number of requests increases; therefore, this index makes sense 
when prefetching is proxy or server initiated. 

Miss rate ratio. Bestavros defines the miss rate ratio [2] as the ratio between the byte miss rate when the prefetch 
is employed to the byte miss rate when the prefetch is not employed, where the byte miss rate for a given client is the 
ratio of bytes not found in the client’s cache to the total number of bytes accessed by that client.  

As one can see, this index quantifies in which percentage the miss rate in the client cache drops due to the 
prefetching system. This is a specific index since it is only applicable to those systems storing the prefetched objects 
in the client’s cache. 

Probability of making a prediction. Pitkow et al [25] quantify the probability that the last accesses match the 
pattern prediction; in such case the prefetch system computes the prediction outcomes. This index can be applied, for 
example, to those systems based in Markov models, but can not be applied to a large subset of prefetching systems; 
e.g., the top-10 approaches [19], so that it is classified as specific. 

 

3.2 Resource usage 

The benefits of prefetching are achieved at the expense of using additional resources. This overhead, as mentioned 
above, must be quantified because they can negatively impact on performance. 



Although some prediction algorithms may require huge memory or processor time (e.g., high order Markov 
models), it is not the current general trend, where the main prefetching bottleneck is the network traffic. Therefore, we 
break down indexes in this category into two subgroups: network level and computing level. 

3.2.1 Network level 

Traffic increase (∆TrB). Traffic increase quantifies the increase in traffic (in bytes) due to unsuccessfully 
prefetched documents [19]. It is also called wasted bandwidth [12], extra bytes [26], network traffic [23], and 
bandwidth ratio [2]. 

When using prefetch, network traffic usually increases due to two side-effects of the prefetch: bad predictions and 
overhead. Bad predictions waste network bandwidth because these objects are never requested by the user. On the 
other hand, the network traffic increases due to the prefetch related information interchange, called Network overhead 
by [11]). 

 Object traffic increase (∆Trob). Object traffic increase quantifies in which percentage increases the number of 
documents that clients get when using prefetching. Nanopoulos et al [20] refer to this index as network traffic and 
Rabinovich [26] as extra requests. This index estimates the ratio of prefetched objects never used with respect to the 
total user’s requests. It is analogous to the traffic increase, but it measures the overhead in number of objects.  

3.2.2 Computing level 

Server load ratio. Server load ratio is defined as the ratio between the number of requests for service when 
speculation is employed to the number of requests for service when speculation is not employed [2]. 

Space and Time overhead. In addition to the server load, some research works discuss how the overhead impact 
on performance. For instance, Duchamp [11] discusses the memory and processor time the prefetch would need. 

 

3.3 Latency related indexes 

Indexes belonging to this category include those aimed at quantifying the end-to-end perceived latencies; e.g., user 
or proxy related latencies. The main drawback of these indexes is that they include several time components, some of 
them difficult to quantify. Many times researchers do not detail what components their measures include, although 
they use a typical index name; e.g., latency. This situation is not the best for the research community, due to the fact 
that different proposals can not be fairly compared among them.  

Through the different research works, latencies are measured both per page and per object. The Latency per page 
(Lp) is calculated by comparing the time between browser’s initiation of an HTML page GET and browser’s reception 
of the last byte of the last embedded image for that page [11]. Analogously, the Latency per object (Lob) can be 
defined as the elapsed time since the browser requests an object until it receives the last byte of that object. In order to 
illustrate the benefits of prefetching, researchers calculate the ratio of the latency prefetching achieves (either per page 
[11],[12],[18] or per object [17]) to the latency with no prefetching. Unfortunately, most proposals that use latency 
when measuring performance do not specify which latency they are referring to. This fact can be misleading because 
both indexes do not perform in the same way. Furthermore, the Latency per object measured when an object is 
downloaded by the web browser has two main components: i) the queue time, since the browser has a limited number 
of connections, and ii) request time, including the time of connection establishment (if needed) and the object 
transference. The first component is often ignored whereas other research studies [2],[16] do not specify whether the 
latency measured includes queue time. The first component should not be ignored because prefetch hits do not 
compete for a free connection so the queue time of the remaining objects decreases and, consequently, their latency. 

On the other hand, several names have been used instead of latency; for instance, access time [22], service time [2] 
and responsiveness [15],[28]. 

3.4 Summary: synonymous and experimental index category used 

Through the proposed taxonomy, we discussed the large variety of index names (synonymous) used to refer to the 
same metric. This heterogeneity can be observed through web performance studies appeared in the literature, adding 
extra difficulty to obtain a general view of the subject. In [10] we present a scheme of the current situation. We found 



that the same index name has been used when measuring different variables (e.g., network traffic appears both for 
traffic increase and for object traffic increase). The widest heterogeneity appears in the first category due to the large 
diversity of prediction algorithms appeared in the literature and its importance in the prefetching systems, which are 
the main focus of this work.  

A complete research work should include indexes belonging to the three categories. However, we only found this 
fact in 15% of the explored works in the open literature. 

Around 75% of the studied research works have considered at least one of the indexes belonging to the prediction 
category. Moreover, 40% of the studies only measure prediction metrics to evaluate the performance of the system. 
About 60% of the papers do not measure resource usage metrics. Finally, only 55% of the research works do not 
quantify the end perceived latencies. 

 
III. PROPOSED EXPERIMENTAL ENVIRONMENT 

  In order to evaluate performance of different prefetching algorithms under similar conditions we propose a 
flexible simulation environment. It permits the implementation of prefetching algorithms on any part of the Web 
architecture (user browser, proxy or server), either individually or working together. Each part being able to perform 
prefetch has its own entity in the proposed environment: the surrogate proxy, the proxy server and the web client. Our 
environment (Fig. 2) is composed by three main parts: the server the client, and the proxy. We have developed a 
hybrid implementation combining both real and simulated parts in order to provide the environment flexibility and 
accuracy. More details about this architecture can be found in [9]. 

 
 

 

 

 
Fig. 2. Architecture of the simulation environment 

 

 

 

 

 
                                                                                               Fig. 3. Block diagram of the surrogate proxy 

A. Surrogate 

A surrogate proxy is an optional element located close to the origin server that generally acts as a cache of the 
most popular server responses ([21] or accelerator mode in [24]). Usually surrogates are not used to perform 
prefetching predictions. Although it is equivalent to performing predictions from the server or the surrogate, the last 
one allows much easier and flexible software implementations. Therefore, we perform our implementation on the 
surrogate. 

The surrogate hints clients about what objects should be prefetched, by means of an optional header offered by the 
HTTP/1.1 standard [13]. This implementation is based on the one described in [22]. The list of hints that the surrogate 
proxy piggybacks is generated for each response. 

Figure 3 shows the block diagram of the proposed surrogate proxy. Each block represents a functional unit. Some 
of them are implemented as functions and others as threads, keeping separately all their functionality. 

 

Set of 
clients Proxy

Set of 
clients Proxy

.

.

.

.

.

.
Surrogate Web Server

 

Client

ListenerRequest

Connection 
to server Request

Connection 
to server 

. 

. 

. 
Request

Stats 

Prediction 
generator 

Update_stat 
_info 

O
bj

ec
t O

bj
ec

t 
H

in
t l

is
t 

Response Server
Request 

Response

Surrogate 



 

The Connection_to_server block, which is the main one, handles the connections. The connection involves a 
request that is transferred to the web server, which processes it and starts the transference. The module first parses the 
response until the full header is received and then, asks for a prediction to the Prediction_ generator block. The 
prediction consists of a list of hints, which content depends on the implemented algorithm. This list will be 
piggybacked on the response following the header, so the client can prefetch the object if the client application 
considers it appropriate. 

When the whole object is received, the listener calls the Update_stat_Info block to notify that event as well as its 
headers (object size, content type, prefetch or user request, etc). This information is used to update the contents of the 
statistical database, which is used to generate predictions.  

The Prediction_generator block represents the task of generating predictions each time an object is requested. This 
block generates the prediction list of the objects with the highest probability to be accessed, by taking as inputs the 
statistical database contents.  

We developed an interface to design and accommodate new prefetching proposals.  

B. Client 

The client part of the system reproduces the behavior of a set of users browsing the WWW with a prefetching 
enabled web browser. The requests the users generate are obtained from real traces collected by a Squid proxy. This 
module can be replaced either by other log format or even by any synthetic workload generator. 

In order to simulate the behavior of the client, our tool respect time intervals between two successive requests. 

According to the real behavior of a prefetching enabled browser like Mozilla, and as several research studies 
suggest [6],[16], the prefetching of objects should be performed only when the user is not downloading objects. 
Furthermore, those proposals suggest stopping the prefetch connection when a user request rises during the prefetch 
transference. The client simulator permits to stop the prefetch transference.  

The client part has also the ability to introduce latency for each downloaded object offering the time a client waits 
to get an object.  

To model the network, an external delay generator can be included in the simulator, like the ns2 proposed in [29]. 
Analogously, it is possible to model different network conditions on the server; e.g., congestion and packet loss. 

When receiving hints attached to the prefectched objects, they must be included into the prefetching list.  

Figure 4 shows the block diagram of the client simulator. As observed, the client part communicates only with the 
Squid traces, the log file (for analyzing later the results achieved by prefetching), and the server. The latter, depending 
on the modeled system, could be replaced by one or more proxies. 

There are two data stores inside the client. One contains the list of objects that the server hints the client to 
prefetch. These hints have been piggybacked with the requested object by the user, and accumulated for each burst of 
user requests. When there is a new user request after an idle period, the remaining hints in the list are removed. The 
other data store keeps all the fetched objects, and, if they were prefetched, whether the user has accessed them later or 
not.  

A block (Read_Traces ) reads the users request from a Squid log. The Prefetch_Manager block reads requests 
from the Read_Traces queue and asks for the object if it has not been prefetched yet (by checking the 
Fetched_Objects data store). In order to request files to the server, the Prefetch_Manager has many User_Request 
threads created and waiting for a new request. When the object is received, if its URL is in the Prefetch_List, it is 
removed. Then, that URL is inserted into Fetched_Objects data store in order to avoid prefetching the object later. 

Different behaviors related with prefetching are configurable in our tool. 
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Fig. 4. Block diagram of the client part 

 

The User Requests block receives requests from the Prefetch Manager and redirects them to the Requests block, 
reusing the socket when using the HTTP 1.1 version. When an object is received, this block inserts the prefetching 
hints piggybacked with the object into the Prefetch_List data store, and the URL of the object into the 
Fetched_Objects data store in order to avoid the prefetching of the object later. If it already exists, the reference of 
that object is removed from the Prefetch_List. 

The Request block is a common interface (used both by user and prefetch requests) to communicate with the web 
server (or the proxy). This block handles at low level the communication sockets with the possibility of reusing 
connections if the client is configured (http11 parameter) to use HTTP/1.1 persistent connections [13]. 

When the simulator is running, it writes a log file that gathers information about each request to the web server as 
well as the client request hits to the prefetched object cache. By analyzing the log file it can be obtained the most 
relevant performance metrics (recall, precision, bandwidth overhead, etc). To this end, we implemented the results 
generator program, which obtains a large amount of metrics, including those we mentioned before as the most 
meaningful.  

Note that the process of metrics generation is done at post-simulation time from the Log generated file. This 
permits to calculate any additional performance metric from this file without running the simulation again. For 
instance, metrics grouped by client or by file type. 

C. Proxy server 

To do prefetch from the proxy server has many advantages. First, it allows users of non-prefetching browsers (the 
majority of them at this moment, like Internet Explorer) to benefit from server prefetch hints, analogously to the way 
we discussed above with respect to the surrogate. Second, it has information from more sources (the clients and the 
servers), so it is the one that can do more complex and precise predictions about how many and what objects should 
be prefetched. For example, we could decide to prefetch only those objects cached at the proxy server (as proposed in 
[12]) or restrict the amount of bandwidth overhead tolerated for prefetching purposes. As predictions are more 
accurate, it uses less bandwidth and also they suppose fewer overloads in the origin server. 

When the different parts of the system support prefetch, many different behaviors could be chosen. For example, 
the proxy server could receive hints from the server and after processing them, it could start a prefetch connection to 
cache the selected objects. Then, the proxy could redirect the received hints to the client. These hints could be also 
removed or even updated (omitting or adding new hints) by applying its own proxy prediction algorithm, since the 
proxy has a better knowledge of its users than the server has. In addition, the proxy can observe cross-server links. 

By having all three parts (surrogate, client, and proxy) we can: i) to check any proposal already appeared in the 
literature and ii) to create novels test environments which inter-relates the three parts of the global system. In addition, 



the proxy side can be split in more parts to check the performance of new organizations; e.g. prefetching between 
proxies. 

Simulations can be run by just setting up one set of clients and one server, which is the simplest system that can be 
modeled. The system can become more and more complex to represent more realistic scenarios. 

To run simulations, the three parts of the modeled system can be placed in a single computer or placed distributed 
among computers of the same or different LANs. The number of clients that a computer machine can simulate 
depends on the CPU requirements of the client prefetching algorithm. 

 

IV. IMPLEMENTATION EXAMPLE 

As an example of how a prefetch technique can be implemented in our environment, we use the proposed by 
Padmanabhan and Mogul [22]. This proposal takes into account a set of clients and the server. The server implements 
a prefetching algorithm which uses previous client-requests to generate the prediction list, which is piggybacked on 
the response. Then, the client receives the list, and uses it when it is idle to ask the server for the hinted objects. When 
a user generates a real request, the prefetch is stopped.  

The behavior pattern of the users was taken from logs collected by a Squid proxy of the Polytechnic University of 
Valencia. We selected those requests accessing to a Spanish popular web server, which was mirrored to avoid 
external interferences. The response time parameters were obtained experimentally by timing connections to the real 
server. The others parameters were taken according to the HTTP/1.1 standard [13] and Mozilla [14] implementation: 

• A maximum of two connections to the server per client. 
• The system only prefetchs when there are no user requests in course (including the stop of prefetch 

connections when the user makes a new request). 
• Hints list (per client) is cleared after an idle period. 
• The hints piggybacked with the prefetched objects are only processed when the container object is 

accessed. 

Accommodating the selected algorithm in the proposed environment is limited to the implementation of the next 
three functions: i) We create a thread in the prefetchInit to update statistical information of user requests (probability 
of next access for each file) every 10 seconds; ii) The updateStats function marks the object being accessed as a 
possible successor of previous objects accessed by the user; and iii) The getHints function obtains a list of those 
objects having a probability higher than 40% of being accessed within the next 4 accesses as suggested in [22]. 

Table 1 illustrates the results obtained by the environment for the selected prefetching algorithm. Figure 5 profiles 
a little set of requests from three points of view: the web server, the surrogate, and the client logs. This profile shows 
the dynamic behavior of the requests and can help us to debug the prefetching algorithms implemented. URLs are cut 
in the example due to their length. Some other characteristics that can be observed are: 

• The IP address of the six requests that the web server receives is the corresponding to the surrogate. 
So the server sees all the requests as if they come from the surrogate. Timestamps are omitted. 

• The surrogate distinguishes between user and prefetch requests through the X-moz header. 
• The first column of the client is the timestamp of the request and the second one the request type (U: 

user, P: prefetch, L: page). 

As the surrogate submits hints with the object, the size of the response that the user receives (third column of the 
client log) differs from that submitted by the server (sixth column of the server). 

 

V. CONCLUSIONS 

In this work we have proposed an experimental framework to implement prefetching algorithms. Thus, as 
algorithms are implemented under the same environment, performance comparison studies can be fairly done. In 
addition, the environment offers some interfaces to ease the implementation and test of new algorithms. Therefore, 



algorithms can be accommodated in the general environment by modifying only few modules; independently of the 
entity implementing prefetch; i.e., the surrogate or the client. 

The tool can be found at http://remo.disca.upv.es. Both the surrogate and the client part have been tested and 
polished, and we are now polishing minor implementation details in the proxy. We hope that the proposed tool can 
help researchers in their jobs. 

We also have proposed a taxonomy, classifying the indexes related to prefetch in three main categories according 
to the part of the system they are addressed to evaluate: prediction, resource usage and latency. The goal of this 
taxonomy is not only to help the understanding of the indexes definition but also to analyze analogies and differences 
between them, in order to identify which the main useful metrics are when carrying out performance studies. 

For each metric or index we have provided a definition (the one we considered more precise) among the large 
variety appeared in the literature.  

Table 1. Example of performance results 

Prefetch value 0 2 

User requests 18,793 18,793 

Avg. Lat per object (ms) 11,140 10,311 

% reduced N/A 7.4% 

Avg. Lat per page (ms) 4,269 3,761 

% reduced N/A 11.9% 

Total transfer (KB) 30,715 51,659 

% increased N/A 68.1% 

Precision N/A 13.6% 

Byte-Precision N/A 22.6% 

Recall N/A 10.4% 

Byte-Recall N/A 17.2% 

Web Server 
158.42.58.137 – [timestamp] "GET …/titulos_chat.gif  HTTP/1.1"          200    3721   "-"  "-" 
158.42.58.137 - [timestamp] "GET …/logotipo.gif  HTTP/1.1"              200    1745   "-"  "-" 
158.42.58.137 - [timestamp] "GET …/chat/ HTTP/1.1"                      200   54481   "-"  "-" 
158.42.58.137 - [timestamp] "GET …/sobreh2.gif HTTP/1.1"                200     946   "-"  "-" 

Surrogate 
Header 7-0<--GET /chat/ HTTP/1.1 
Header 7-0-->HTTP/1.1 200 OK 
Header 7-8-->Link: <http://www.universia.es/.../sobreh2.gif>; rel=prefetch 
Header 7-9-->Link: <http:// www.universia.es/.../f_general.gif>; rel=prefetch 
Header 9-0<--GET /…/titulos_chat.gif HTTP/1.1 
Header 9-8-->Link: <http://www.universia.es/.../universidades/>; rel=prefetch 
Header 9-0-->HTTP/1.1 200 OK 
Header 9-0<--GET /…/logotipo.gif HTTP/1.1 
Header 9-0-->HTTP/1.1 200 OK 
Header 7-0<--GET /…/sobreh2.gif HTTP/1.1 
Header 7-1<--X-moz: prefetch 
Header 7-0-->HTTP/1.1 200 OK 

Client 
[timestamp]  U   3846   840    0   158.42.216.4  http://www.universia.es/…/titulos_chat.gif 
[timestamp]  U   1745  1620  840   158.42.216.4  http://www.universia.es/…/logotipo.gif 
[timestamp]  U  55275  3164    0   158.42.216.4  http://www.universia.es/…/chat/ 
[timestamp]  L  86418  5540    0   158.42.216.4  http://www.universia.es/…/chat/ 
[timestamp]  P    946   409    0   158.42.216.4  http://www.universia.es/…/sobreh2.gif 

Fig. 5. Request traffic as seen by the server, the surrogate and the client 
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