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ABSTRACT
Caching is a fundamental web technique for reducing Page
Load Time (PLT) by reusing previously fetched resources.
We highlight the drawbacks of the current caching approach,
especially in the context of high-speed networks where la-
tency, rather than bandwidth, is the primary bottleneck for
web performance. We discuss how the current design of web
caching suffers from inefficiencies, particularly due to the
latency involved in re-validation requests, which diminishes
the potential benefits of caching. To address this inefficiency,
we present a novel solution in which web servers proac-
tively provide clients with the latest validation tokens for
resources during the initial step of page loading, allowing
browsers to use unchanged cached content without unnec-
essary round trips. This method significantly reduces PLT,
with preliminary evaluations showing a 30% improvement.

CCS CONCEPTS
• Networks → Network protocols; Application layer
protocols.
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1 INTRODUCTION
The Web, alongside its underlying protocol HTTP, emerged
as the killer application in the early days of the Internet
and has continued to dominate the online world. The wide-
spread use of the Web and the dependence of businesses
and users on it have made its performance critically im-
portant. Page Load Time (PLT) is one of the key perfor-
mance metrics of the Web. Numerous reports have high-
lighted the impact of reducing PLT on increasing business
revenue [8, 9, 11, 41]. According to the reports, even small
improvements, like a 100-millisecond decrease in PLT, can
lead to a significant increase in revenue. For this reason, nu-
merous research efforts are focused on reducing web page
load times [5, 10, 13, 14, 16, 18, 21, 23, 25, 33, 39, 46, 49].

Caching represents one of the most effective strategies for
improving PLT by enabling client browsers to reuse previ-
ously fetched resources. When a browser accesses a webpage,
it stores reusable resources, which can then be utilized in
future requests to the same page or other pages within the
same website. This eliminates the time spent downloading
these resources, thereby significantly reducing PLT.
Despite its benefits, the current web caching mechanism

exhibits significant limitations that inhibit its full potential.
Design flaws in the existing caching system leadweb develop-
ers to use it conservatively [19, 20, 30]. This means that many
resources are either not made cacheable or have their cache
duration set to a short period. This conservative approach,
at best, leads to the underutilization of caching benefits
and, at worst, results in frequent unnecessary data transmis-
sions [18, 24, 29]. Hence, there is a significant gap between
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the ideal and actual performance of web caching, highlight-
ing the suboptimality of current caching approach [19, 29].
Apart from the conservative use of caching, another is-

sue is that the HTTP cache re-validation mechanism, which
is used to avoid retransmitting unchanged content, is not
optimal. In this mechanism, the client sends a request for
a resource along with the validation token (ETag) of the re-
source stored in its cache. The server checks the token and,
if the resource has not changed, it sends a short response
informing the client that the resource remains unchanged,
thus eliminating the need to download the file. However, this
solution is rooted in the limitations of the early Internet era,
when bandwidth was low, and download speed was the bot-
tleneck. Nowadays, with high download speeds, the primary
bottleneck has shifted to latency. Re-validation requests still
necessitate a round-trip time (RTT), which can be significant
and sometimes even longer than the transmission time of
downloading a resource.
This issue becomes highly significant considering that,

with today’s high-throughput access links, end-to-end la-
tency plays a crucial role in page load time. The research of
Sundaresan et al. revealed that at a downstream throughput
of 16 Mbits/s, the latency of access link becomes the main
bottleneck for web page load time [42]. They have shown
that even a 10-millisecond increase in last-mile latency can
lead to an increase of several hundred milliseconds in page
load time. This issue is even more pronounced with mobile
web access. Cellular networks, while offering high download
speeds, also have considerably high latency; even 5G links
often exhibit latency similar to that of 4G [27]. Recent re-
search on mobile web performance has demonstrated that
latency, rather than bandwidth, is the determining factor for
PLT [21–23, 30]. Therefore, minimizing the number of RTTs
required to load a web page is essential. One way to achieve
this is to eliminate the unnecessary RTTs involved in the
cache re-validation mechanism, and it requires a rethinking
of web caching.

To address the inefficiency of the current caching design,
we propose a novel approach that eliminates unnecessary
round trips caused by the cache re-validation mechanism.
The key idea of our solution is that, at the beginning of
the web page loading process, the server provides the client
with the validation tokens for the resources the client will
need. This method allows the browser to check resource
versions upon receiving the base HTML file, use cached con-
tent when versions match, and only fetch updated resources
when necessary. This approach eliminates the need to set
cache duration (max-age) for resources. Our preliminary
evaluations suggest that this approach can reduce PLT by an
average of 30 percent, offering a promising solution to the
latency issues posed by traditional caching mechanisms. It
is noteworthy that the proposed solution can be deployed

without any changes to the existing client browsers. To en-
courage further research, we have made our implementation
open-source1.

In the rest of this paper, we first discuss in more detail the
motivations for rethinking web caching. Then, we present
the proposed method along with its preliminary implemen-
tation and evaluation results. We also discuss the advan-
tages of the proposed method over other web acceleration
approaches, such as Remote Dependency Resolution (RDR)
and Server Push. Finally, we outline our plan to complete
this solution in future work.

2 BACKGROUND AND MOTIVATION
Before delving into the motivations behind this work, we
briefly review how web caching is deployed using HTTP
cache headers.

2.1 Overview of the current web caching
Each web page is composed of a base HTML file and numer-
ous other resources linked within this HTML file. A client
browser retrieves the web page and its resources from a
server using the HTTP protocol. Figure 1a shows an ex-
ample of HTTP interactions to retrieve a web page. The
browser first sends an HTTP GET request to the server to
fetch the base HTML file (index.htm in the figure). By pars-
ing the HTML file, the browser identifies links to other re-
sources (a.css and b.js) and sends requests for them as
well. Fetching and evaluating other resources (such as CSS
and JavaScript files) may lead to the need for additional re-
sources (c.js and d.jpg), in which case the browser fetches
them too. As illustrated in the figure, the time required to
fetch each resource consists of two components: round-trip
time (RTT) and the transmission time of downloading the
resource. The RTT is influenced by the distance between the
client and the server, while the download time depends on
the bandwidth of the Internet links between them and the
size of the resource.

Since many resources may be requested again during sub-
sequent visits to the same page or other pages on the same
website, the browser caches these resources based on cache
headers sent by the server with each response. The most im-
portant cache-related header fields are no-store, no-cache,
max-age, and ETAG, which must be set by the website’s de-
veloper. These headers inform the browser how long to keep
each resource in the cache and what actions to take when the
resource expires. When the browser needs a resource again,
it first checks its cache to see if a copy is already available. If
the resource is found in the cache and has not expired, the
browser quickly serves the cached content. If the resource

1https://github.com/toorin-lab/CacheCatalyst
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Figure 1: Web caching mechanism using HTTP cache headers
(a) The first visit to a web page. “a.css” and “b.js” are identified after parsing “index.html”. “c.js” and “d.jpg” are fetched
as a result of evaluating “b.js” and “c.js”, respectively. (b) Another visit to the same page or a similar page on the same

website two hours later. (c) Optimized scenario for a revisit, assuming “a.css”, and “b.js”, and “d.jpg” have not changed at
the time of the revisit.

has expired or if the browser was instructed not to cache it,
the browser requests a fresh copy from the server.

The simplest cache header is no-store. It means that the
browser must not cache the resource and must download
it every time it is needed. The max-age field specifies the
time-to-live (TTL) for a resource, indicating how long its con-
tent will remain unchanged. The browser can cache and reuse
a resource for the duration specified by its max-age field. Fig-
ure 1b shows a revisit to the mentioned page two hours after
the first visit. Since a.css was retrieved with a max-age of
one week in the first visit, the browser does not send a re-
quest for this file in the second visit and instead uses the
cached version. If a resource is expired (d.jpg), the browser
sends a conditional request known as the re-validation mech-
anism. The no-cache header (in b.js) results in the same
outcome. Despite its name, no-cachemeans that the browser
can cache the resource, but it must re-validate it before each
reuse. A re-validation request asks the server to send the
resource if its content differs from the cached version in the
browser. If the resource has not changed, the server sends a
short Not-Modified response, thereby eliminating the trans-
mission time of downloading the resource. This is the case
for b.js in Figure 1b. If the resource has changed, the server
sends the new version of the resource, which is the case for
d.jpg in Figure 1b. Checking for changes is done using a
validation token called ETAG. The server includes a valida-
tion token in each response that can be cached. The browser

includes the validation token in the If-None-Match field of
each re-validation request to inform the server which version
of the resource is cached in the browser.

2.2 Why web caching needs rethinking?
The latency bottleneck. A previous study has found that
increasing throughput beyond 16 Mbits/s does not have any
considerable effect on reducing web page load time [42]. At
this throughput rate, latency becomes the bottleneck and
the determining factor in PLT. The study revealed that al-
though clients in East Asia have higher average throughput
than those in Europe, they do not experience corresponding
improvements in PLT due to latency bottlenecks negating
the benefits of higher throughput. Another study by Asrese
et al. [2] has also confirmed that webpages perform differ-
ently across regions and service providers without a direct
correlation with throughput.
Latency is influenced by the distance between the client

and the server. Bringing all servers closer to all users is not
feasible. Additionally, access links like mobile connections
inherently have high latency, and reducing this latency is a
challenging issue. Therefore, to reduce PLT, we must mini-
mize the negative impact of latency as much as possible. One
of the best solutions is to use caching. However, as will be
discussed in the following, the current caching mechanism is
designed to mitigate the negative impact of low throughput,
not high latency.
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Significant redundant transfers in web traffic. Basi-
cally, setting cache headers for resources should be done
by the website developer. The website developer must de-
cide, based on the type, usage, and content of each resource,
whether a resource should be cached and for how long (TTL).
However, since this task is difficult, developers often neglect
it. As a result, default headers are applied to resources by
the site’s content management system (CMS) based on the
type of each resource. Since CMSs are not aware of the us-
age of every resource, they often send many resources with
settings that prevent them from being cached by the client.
Consequently, many resources that could have been cached
are not cached in practice, and the same content is repeat-
edly sent to the user on each visit. Previous studies have
shown that, on average, only about 50 percent of the re-
sources that can be cached are actually cached [18–20]. The
significant redundant transmissions in web traffic confirm
this issue [1, 18, 24, 29]. These redundant transmissions not
only increase PLT but also result in higher power consump-
tion and data costs for mobile users. Hence, we need a more
straightforward caching solution that can be optimally de-
ployed without developer interaction.
Conservative TTLs. In the current caching approach,

web servers must set a TTL value for each resource that can
be cached. However, estimating how long a resource will
remain unchanged is challenging, and accurately predicting
when a resource will change is usually impossible. Setting
a TTL that is too long can cause the client to use a stale
version of the resource. Conversely, setting a TTL that is
too short causes the resource to expire prematurely, lead-
ing to unnecessary re-validation requests to the server even
though the content has not changed. These re-validation re-
quests impose additional RTTs on the page load time, which
make the current caching scheme ineffective for mobile web
browsing [47, 48]. Previous studies have shown that devel-
opers often set TTLs conservatively, meaning they are much
shorter than the actual duration. For instance, the research
by Ramanujam et al. has shown that 47% of resources expire
in the cache even though their content has not changed [30].
Another study found that 40% of resources have a TTL of
less than one day, but 86% of these do not change within
that period, meaning they expire in the cache without chang-
ing [19]. The most difficult scenario is when the TTL for a
resource cannot be estimated at all, in which case the devel-
oper uses a no-cache header. This means that although the
resource can be cached, it is always considered stale, and the
client must re-validate it each time it is used.

This caching policy was beneficial when the Internet band-
width of clients was low and downloading was a bottleneck,
as it improved PLT by eliminating the transmission time of
downloading unchanged resources. However, with current

high download speeds, this approach is insufficient, espe-
cially considering that the size of resources on web pages is
small. Web pages, while containing hundreds of resources,
have a total size of about 2.5MB [15]. In other words, re-
sources are around a few kilobytes in size, which means that
their download time is comparable to RTT. Therefore, simply
eliminating download time is not enough; the re-validation
RTT must also be eliminated. Hence, we need a solution that
not only works without the need for setting TTL but also
eliminates or minimizes re-validation requests.

Summary. The current caching policy is far from optimal.
An optimal caching solution should ensure that a client’s
request for a new version of a resource is only sent when the
content of the cached resource has changed on the server.
In other words, as long as the resource has not changed, the
client should be able to use it immediately without incurring
an RTT. Figure 1c illustrates the optimal scenario for the
mentioned example.

3 PROPOSED APPROACH
We propose a simple solution to eliminate the RTT spent
on the re-validation process. The solution is to provide the
client browser with the most recent validation tokens for
resources it requires to load the page as quickly as possible,
i.e., at the beginning of the page loading process.

When the server receives a request from the client browser
for the base HTML file (index.htm), it should send, along
with the HTML file, the validation tokens (ETags) for the
resources that the browser will need to load the page. The
validation tokens can be placed in the HTTP response header.
Upon receiving and parsing the base HTML file, the client
browser identifies the links to other resources. Before send-
ing requests to fetch these resources from the server, it can
compare the validation tokens of the cached resources with
the newly received tokens. If they differ, it means the re-
source has changed on the server and needs to be fetched
again. If they match, the browser can use the cached content.
Therefore, if the resource has not changed, the browser can
use the cached resource without incurring an RTT. Addition-
ally, there is no need to specify the TTL value or set max-age,
making caching much easier to use.
There are two challenges in implementing this solution.

The first is that the web server must determine which re-
sources will be needed to load the desired page. Most re-
sources are deterministic and can be identified by parsing
HTML and CSS files [4]. Therefore, each time the web server
wants to send an HTML or CSS file to the client, it first in-
spects the file, identifies the links to other resources within it,
and then sends the validation tokens for all those resources
along with the requested file. However, some resources must
be identified through the execution of JavaScript code, which
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Figure 2: Service Workers
1○: the path that requests and responses normally take

2○: the path taken if a Service Worker exists for a domain

is not deterministic. Many of the links to resources that need
to be fetched during the execution of JavaScript are not ex-
plicitly defined within the code and require execution to be
generated. Additionally, many of the generated links depend
on the user and their interactions. A method for identify-
ing all resources that might be fetched by JavaScript code is
symbolic execution [17].

A different solution entails the server capturing a list of re-
source URLs that the client requests during a user’s first visit
to a webpage. This list functions as a guide to the specific
resources required for rendering the page for that particular
user. When the user returns to the same page in later ses-
sions, which can be recognized through session management
techniques, the server includes validation tokens for the pre-
viously listed resources along with the primary HTML file
in its response. The advantage of this method is that it also
covers dynamic and user-specific resources. For now, we
focus on the resources identified outside of JavaScript, which
typically cover most of the resources on a page. We leave the
consideration of resources within JavaScript code for future
work.

The second challenge is to implement this caching model
on the client side. Before sending a request for a resource,
the browser must compare the validation token sent by the
server for the resource with the validation token stored in
its cache, and only send the request if they are different.
Obviously, this method should be inherently integrated into
the browser. However, we propose a solution to implement
this method with existing browsers using the ServiceWorker
API [43].

A Service Worker, as shown in Figure 2, is a proxy that
resides in browsers and intercepts requests and responses
between a website (on the client side) and its origin server.
Service Workers are domain-specific, meaning that a Service
Worker is registered by the origin server of a website and
only intercepts requests to the corresponding domain. A
Service Worker, which is written in JavaScript, can control

and modify requests, and also respond to requests on its own.
Each Service Worker can have its own cache and use it to
respond to requests when the origin server is not accessible
(for example, in offline mode). All major desktop and mobile
browsers support Service Workers.

In the proposed solution, the web server registers a Service
Worker on the browser for each website during the first
visit of any client. This Service Worker stores all resources
received from the server in its cache, provided they do not
have a no-store header. Additionally, at the beginning of
each visit (request for the base HTML file), the web server
provides the Service Worker with the validation tokens of all
resources so the Service Worker knows the latest validation
token for each resource. Therefore, during each user visit to
the website, the Service Worker can immediately serve the
resources from its cache if they have not changed.

In our preliminary implementation, we used Caddy [6, 7],
a popular open-source web server. We modified Caddy so
that, when serving a web page, it first traverses its entire
DOM, extracts all resource links, and creates a map of links
to ETags. This map only includes resources that are on the
main server. Considering resources hosted on third-party
servers (cross-origin resources) is planned for future work.
The map is placed in a header field named X-Etag-Config in
the HTTP response for the base HTML file. The web server
also inserts the registration code of the Service Worker in
the HTML file. During each subsequent visit to the website
and after receiving the base HTML file, the Service Worker
intercepts client requests for other resources and compares
the ETag in each request with the ETag specified in the map
received from the server. If the ETags match, the Service
Worker immediately serves the response from its cache; oth-
erwise, it forwards the request to the server, delivers the
response to the browser, and stores it with the new ETag in
its cache.

4 PRELIMINARY EVALUATION
To evaluate the proposed solution, we selected the 100 most
visited websites [36]. We cloned and hosted their homepages
on the modified Caddy web server and used Selenium [35]
with ChromeDriver to load the pages and measure PLT2. The
measurement of page load time was performed using the
OnLoad event. Additionally, we simulated different latencies
and throughputs using the browser’s throttling feature
First, we measured the PLT for each page without de-

ploying the proposed solution. For this purpose, we loaded
each page in a cold cache state. Then, with time delays of

2 The evaluation of additional performance metrics, such as First Contentful
Paint (FCP), Speed Index (SI), and Time To Interactive (TTI), which more
comprehensively reflect user experience, has been deferred to subsequent
research.
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Figure 3: Reduction in PLT by the proposed approach under different network conditions (throughput and latency)

one minute, one hour, six hours, one day, and one week, we
reloaded the page and measured the PLT for each one. To
simulate the time delays, we advanced the system clock by
the desired amount. Next, we repeated the previous steps
with the proposed method enabled and compared the result-
ing PLT with the PLT obtained from the previous experi-
ment. Figure 3 shows the average improvement (reduction)
in PLT with the proposed solution compared to the current
caching approach under various network conditions in terms
of throughput and latency.
As can be seen in the figure, while the proposed method

does not significantly reduce PLT at low throughput (8Mbps),
a substantial reduction in PLT is observed at high throughput
(60Mbps). This is because, under these conditions, the bottle-
neck in web page loading is latency rather than throughput,
and by eliminating unnecessary RTTs, the PLT is signifi-
cantly reduced. Additionally, at a constant throughput, the
improvement in PLT is more pronounced for higher laten-
cies. Therefore, this method provides greater benefits for
users in regions that are farther from web servers. It is note-
worthy that a throughput of 60 Mbps and a latency of 40
ms represent the median condition for global 5G Internet
access [40].

5 RELATEDWORK
To clarify how the proposed method is situated within the
literature, we review PLT improvement methods that aim to
mitigate the negative impact of network latency and compare
them with our approach.

Cache-related methods. Since many web publishers do
not configure the cache-control headers correctly and care-
fully, Raza et al. [31] have proposed Extreme Cache, a cache
proxy between clients and servers that sets the cache head-
ers by estimating the change rate of objects. However, as
mentioned, estimating the change time of a resource is not
straightforward, and this paper does not provide any report
on the estimation accuracy. Moreover, the change time of
many resources is not predictable at all (no-cache header).

Wang et al. [45] demonstrated that although many resources
change frequently, the changes are often limited, with large
portions remaining constant. Based on this, they proposed
the Micro-caching method, which allows for caching only
the parts of a resource (such as JavaScript or CSS statements)
that do not change, instead of the entire resource. This way,
only the changed parts are sent to the client. While this
method reduces the download size, it does not eliminate
RTT. Fawkes [21], a server-side module, captures all content
that remains unchanged across versions of a page’s top-level
HTML and uses it to create a static template. This template
is cached on the client side to maximize the cached content
for the page. During each client page load, the server gen-
erates dynamic patches that express the updates (i.e., DOM
transformations) required to convert the template page state
into the latest version of the page. Rewap [18] acts in a sim-
ilar manner. This method does not eliminate the RTT of
unpredictable dynamic resources. Geol et al. [10] proposed a
browser-based solution that extends the cache of browsers
to reuse identical computations (e.g., JavaScript execution)
from prior page loads. This method is orthogonal to our
work, and an optimal caching approach can further augment
the benefits of using an execution cache.

Remote dependency resolution. An effective approach
to resolving the problem of last-mile latency is to deploy a
remote dependency resolution (RDR) proxy [25, 38, 39]. An
RDR proxy is implemented using a headless browser on a
cloud server with low-latency network paths to origin web
servers. It moves the resolution of resource dependencies
closer to web servers and performs resource fetches on be-
half of the client. After fetching all resources of the requested
web page, it sends the entire web page in bulk to the client.
While this method is very effective in reducing PLT, it poses
security and privacy issues since it acts as a man-in-the-
middle for TLS connections. This method not only violates
end-to-end TLS security but also requires clients to provide
proxies with the clear form of their private HTTP cookies.
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WatchTower [26] is a workaround for this problem that re-
quires each HTTPS origin to run its own RDR proxy. RDR
only has a positive impact on the initial load of the website.
Resources that need to be fetched dynamically through user
interaction still experience high latency. In contrast, with our
proposed method, if a resource is in the cache and is valid, it
is used immediately and without latency. It is also notewor-
thy that some proxies perform other optimizations, such as
minification and compression, to accelerate the download
time of resources and also reduce mobile data usage [1, 37].

Server push. Server Push is a feature of HTTP/2 [3] that
allows a web server to send resources to a client browser
before the client requests them. The web server can antici-
pate future client requests and push the resources that the
client will likely need, thereby avoiding unnecessary RTTs.
However, anticipating a user’s actions on a web page is not
straightforward. Therefore, various policies are employed
for pushing resources. The simplest policy is for the server to
push all resources. Numerous studies have shown that this
policy can waste user bandwidth by sending resources that
are either not needed or already cached by the client [44, 50].
Additionally, it can increase the page load time due to the
increased computational load on the client side [51, 52]. It
has also been shown that network performance characteris-
tics play a major role in the effectiveness of Server Push [32].
Klotski [5], Shandian [46], and WebGaze [16] identify high-
priority resources of pages in terms of user utility and pri-
oritize pushing them. Another problem with Server Push
is that the content of many web pages is often served by
multiple domains, and the main web server cannot securely
push resources from other domains. Hence, some authors
have proposed providing the client with hints in the form
of URLs for resources that the client should fetch before its
own dependency resolution [12, 23, 33]. Using our caching
approach, many of these prefetches will not be necessary,
and less bandwidth will be used.
The RTT issue in other protocols. The shift in com-

munication bottlenecks from bandwidth to latency in many
internet applications has led to changes in numerous internet
protocols to minimize additional RTTs wherever possible. An
example of this is the mechanism known as Stapling [28] in
the Online Certificate Status Protocol (OCSP) [34]. Browsers
utilize OCSP to verify the revocation status of TLS certifi-
cates they receive. In the standard OCSP protocol, each time
a browser obtains a certificate, it queries an OCSP server to
check if the certificate was revoked. This process incurs a
round-trip delay before the web page can be downloaded.
With OCSP stapling, the web server attaches a recently
signed statement from the certificate authority to the certifi-
cate itself, indicating that the certificate remains valid. When
a browser receives a certificate with this stapled information,
it no longer needs to query an OCSP server to determine the

certificate’s status. This approach eliminates the round-trip
delay, thereby improving page load times.

6 CONCLUSION AND FUTUREWORK
In this paper, we discussed why the current web caching
design is not optimal under the conditions of the modern
Internet, where throughput is not a bottleneck. We then pro-
posed a solution that eliminates unnecessary RTTs imposed
by the cache revalidation mechanism, thereby improving
PLT. Additionally, our solution makes using the cache much
easier by removing the need to set TTL for resources.
There are three primary issues to address in order to fi-

nalize the proposed solution. First, to expand the coverage
of the proposed solution, a method to extract links to re-
sources fetched by executing JavaScript code is necessary.
This method should be designed in such a way that it does
not impose a significant computational overhead on the web
server. As stated in Section 3, an effective approach might
involve the server recording the set of resources that each
user fetches during their first visit to each page. This method
also covers dynamic and user-specific resources. However, it
potentially incurs a significant memory footprint, necessitat-
ing an optimization strategy. The second important issue is
how to cover cross-origin resources, i.e., the ones that reside
on third-party servers. The main server does not have direct
access to them and, as a result, cannot give their ETags to the
client. One potential solution is for the main server to fetch
those resources itself and obtain their ETags. The third issue
pertains to sites that already have their own Service Work-
ers. In such cases, the web server must add the cache-related
Service Worker to each site in a way that does not interfere
with the activities of the site’s existing Service Worker.

The comparison of this approachwith alternativemethods,
particularly Server Push, has also been deferred to future
research due to the necessity of a multifaceted analysis of
results. For example, as mentioned in the previous section,
Server Push can impose additional processing load on the
client browser, potentially affecting various performance
metrics differently. Hence, this issue requires a more in-depth
evaluation using not only Page Load Time (PLT) but also
other performance metrics such as First Contentful Paint
(FCP), Speed Index (SI), and Time To Interactive (TTI). This
comprehensive analysis will be carried out in future work.
The effect of this approach on the performance of web servers
should also be analyzed.
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