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Abstract 
In this paper, we present a novel approach to model user request patterns in 
the World Wide Web. Instead of focusing on the user traffic for web pages, 
we capture the user interaction at the object level of the web pages. Our 
framework model consists of three sub-models: one for user file access, one 
for web pages, and one for storage servers. Web pages are assumed to consist 
of different types and sizes of objects, which are characterized using several 
categories: articles, media, and mosaics. The model is implemented with a 
discrete event simulation and then used to investigate the performance of our 
system over a variety of parameters in our model. Our performance measure 
of choice is mean response time and by varying the composition of web pages 
through our categories, we find that our framework model is able to capture a 
wide range of conditions that serve as a basis for generating a variety of user 
request patterns. In addition, we are able to establish a set of parameters that 
can be used as base cases. One of the goals of this research is for the frame-
work model to be general enough that the parameters can be varied such that 
it can serve as input for investigating other distributed applications that re-
quire the generation of user request access patterns. 
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1. Introduction 

Surfing the Internet has become commonplace in today’s society, from finding 
out the latest sports scores to keeping up on politics to locating recipes. Users are 
constantly using their devices (cell phones, tablets, laptops, desktops, etc.) to 
search for information. This search results in a steady stream of user requests for 
information that can be found on various web pages (see Figure 1 which presents 
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a simplified representation of the World Wide Web (WWW) that outlines a user 
making a request to a web server for a web page). 

All web pages are not created equal given the wide variety of objects that make 
up a web page: text, images, audio, video, code, etc. [1]. Given the size and com-
plexity of the WWW, it is challenging to properly capture the behavior of the 
user request access patterns. 

In this paper, we present a framework that models at the object-level, user 
(Hypertext Transfer Protocol (HTTP)) request patterns in the WWW which can 
then allow one to compare the relative performance of various distributed ap-
plications, and the impact these have on user experience. As a framework, our 
model can be adapted to a wide range of conditions that can be used by research-
ers as a tool with their own distributed application models such as web-caching 
[2] [3] [4]. 

The reality of the WWW is that it is complex: it involves the transmission of 
large and varied amount of information via the Internet, through a variety of de-
vices spanning many regions, countries, and even into space. Our model at-
tempts to capture much of this and allows for the relative comparison of the 
performance of various distributed system configurations. 

There has not been much past work done on modelling user request access 
patterns on the web. The main focus in this area has been on analyzing web traf-
fic patterns [5] [6] [7]. Much of the prior work tended to use the web page as the 
basic unit while we are modelling at the object level [8] [9]. The authors in [10] 
used 5 years of WWW traffic with over 70.000 users per day corresponding to 
1.903 TBytes of traffic. Ihm et al. employed their own analysis technique which 
essentially views the web traffic as a stream of HTTP objects. It is this analysis 
that we use as a basis for some of our model assumptions. 

Our User Request Object-Level Framework Model is actually composed of 
three sub-models: one which represents the set of users that make requests for 
web pages as well as how they select web pages, another which consists of a set of 
web servers that respond to user requests, and finally, one which represents the 
web pages in the system. This paper is organized as follows: Section 2 gives an 
overview of the general environment we are examining, Section 3 presents the 
details of our models, Section 4 is where we show some results of the model, and 
finally, in Section 5 we present some concluding remarks. 

2. General Environment 

At the highest level, as shown in Figure 1, we consider the WWW to consist of 
the following components: users, web servers, the Internet, and the information 
being requested. The term user will refer an agent that is requesting informa-
tion—human or machine [11]. The Internet is the communications media that 
interconnects the users and web servers, typically through a series of intermedia-
ries. Finally, web servers are the devices that store the information in the form of 
web pages and transmit results to the user to satisfy a request. 
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Figure 1. Simplified World Wide Web showing an example request/response chain. 
 

Although the main goal of the WWW is to connect users to information, 
nearly half of the traffic on the WWW is due to automated processes [6]. These 
machine actors are used for various activities, much of which include informa-
tion indexing for search engines and analytic algorithms [12]. We do not con-
sider this traffic in our model as we are more concerned with relative perfor-
mance than absolute performance. 

The information available within a WWW varies widely in its amount, size, 
composition, and format. Some common examples of information types are text, 
audio, video, and images. Also, these types of information exist in several tech-
nological formats, such as plain text or binary information, and may come from 
a multitude of information sources. Information is accessed by determining its 
location on the WWW using a Uniform Resource Identifier (URI) (for example 
https://www.trentu.ca/). URI are logical addresses for discrete documents, re-
ferred to as web pages [10]. 

The composition of a web page can be highly varied, ranging from a mono-
lithic document of plain text, to a complex collection of elements of various 
forms. Each web page must contain at least one element, but normally consists 
of many elements called web page objects. A web page therefore, can be viewed 
as a group of web page objects. Web page objects have several properties, but for 
our model we are primarily concerned with their size as this has a direct effect 
on the retrieval of the web page. There are dozens of types of web page objects, 
but some of the common ones that make up a web page are: Hyper-Text Markup 
Language (HTML), Javascript, Extensible Markup Language (XML), Cascading 
Style Sheets (CSS), image, audio, video, octet [1] [6]. 

An important consideration regarding web pages is that their content can 
change with time (referred to as dynamic content) [13]. Although the specific 
content on a web page may change, it still represents a single resource [14]. For 
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example, a news main page such as https://www.cbc.ca/news consists of a collec-
tion of news articles available on the site at some point in time. The collection, 
however, changes with time as current news articles are added and old ones are 
removed. Regardless of the news articles available, https://www.cbc.ca/news is 
still viewed as a single web page. 

Another component within the WWW is the web server, which has an im-
portant impact on the experience of the user. Web servers, which range from a 
single computer to a collection of networked computers, hold the web pages that 
users request [15]. The speed at which they can respond to the request contri-
butes in large part to the response time. Fundamentally, a web server consists of 
the following components: an interface to the Internet, processors for requests, 
storage, and software [16]. There are several ways that these components can be 
organized within web servers: as a single computer or a collection of multiple 
machines. For our investigation, we will not need to distinguish between the 
two. 

The WWW would not be as ingrained in society was it not for the underlying 
networking technology that now spans most of the world (i.e., the Internet). The 
Internet is a collection of protocols for communicating across arbitrary pack-
et-switched networks, and is made up of three main components hosts, routers, 
and networks [16]. For our study, we will abstract the network delay into the 
service time for a user request. 

3. Model 

In this section, we present our framework model that represents the process of 
users interacting with the WWW to obtain web pages from the respective web 
servers. A novel feature of our model is that web pages are represented at the 
object-level. The main performance metric in which we are interested is mean 
response time (MRT): the time from when a user requests a web page until the 
web page (and all its objects) has been delivered. This performance measure can 
influence a user’s experience substantially [17]. 

3.1. High-Level Model 

The high-level model for user-web interaction is shown in Figure 2 and represents 
the total process of a user requesting a web page from a server, and the server’s 
subsequent response. To capture the behavior of the users, servers, and Web 
pages, the model in Figure 2 is comprised of three sub-models: User-Request 
Model, Server Model, and Web Page Model. The User-Request Model manages 
the state of the users and their requests. Requests are received and processed by 
web servers within the Server Model. The Web Page Model captures the web 
pages in terms of their object composition and location. 

The interaction of the three sub-models forms the Request-Response Process. 
This process begins with the user selecting a web page using the Web Page Selec-
tion Model described in Section 3.2. The web page request is transmitted to  
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Figure 2. User-web iteration model. 
 

the web server that eventually supplies the requested web page to the user. If the 
web server is currently busy servicing another user request, then the request is 
placed into a wait queue. Otherwise, the request is serviced immediately. The 
time to service a request is based on many factors, including the composition of 
the web page, the number and size of the web page objects, as well as their media 
type. Once the user receives the response to their request, they cease interacting 
with the system until their next request (think time). 

The think time controls the rate at which users request web pages. A lower 
think time leads to a greater load on the web servers. When not in the system 
waiting for a request to be served, a user is in a think state, which represents a 
user processing a previously retrieved web page. We assume that the think time 
for users is independent and exponentially distributed, with a mean z. A user 
will not request another web page until they have completed their think state. 

The performance measure of interest in this research is response time: the 
time from the user initiating the request until receiving the response; with the 
MRT of all requests that occur in the system being our main performance meas-
ure. Response time represents the sum of the transmission latency, the time in 
queue that the request awaits processing, and the request processing time—which 
we refer to as request service time (Ri). 

3.2. User-Request Model 

The User-Request Model represents the process of a user selecting and request-
ing a web page. This sub-model consists of two main components: the User Set 
and the Web Page Selection Model. The purpose of the User Set is to model the 
users in the system and how they interact with the WWW. We use a finite pop-
ulation model which incorporates the user think time in the request-response 
process as discussed in Section 3.1 [18]. 

The Web Page Selection Model represents the mechanism by which users se-
lect web pages. The pages stored in a web cache and their request probabilities 
vary over time. Pages such as a news article, viral videos, course assignments, 
memes, etc. become popular for periods of time and then eventually become ac-
cessed less frequently. To represent this behavior, we use a variant of the dy-
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namic page reference model described in [19]. 
The dynamic page reference model for a system with M web pages is shown in 

Figure 3. This model assumes that a web page can be in one of two states: nor-
mal and popular. Web pages in the popular state have a higher request probabil-
ity than that of the pages in the normal state with v representing the ratio of page 
requesting rates for the popular to normal state. 

The model also assumes that there are two types of pages: conventional and 
potentially popular. Conventional pages remain in the normal state while poten-
tially popular pages alternate between the normal and popular state based on a 
continuous-time Markov chain. The rate at which a page transitions from a 
normal to popular state is λ1 and from popular to normal is λ2 (the time spent in 
either state is assumed to be exponentially distributed). Finally, we let M0 < M 
denote the number of potentially popular pages that are present in the system. 
With this type of model, the model is able to generate page requests with high 
coefficients of variation, a attribute that has historically shown to be desirable in 
such systems [20]. 

3.3. Server Model 

The web servers in our model consist of one or more devices which store the 
web pages and service the requests. The role of each web server is to process re-
quests and transmit the response back to the user (in the form of the web page 
and all of its individual objects). 

Figure 4 presents the detail of our Server Model within the User-Web Inte-
raction Model. We assume that web servers can only process one request at a 
time. If a request is received at a server that is busy, then the incoming request is 
placed in the server’s wait queue (we assume first-come-first-served (FCFS), 
however, this discipline may be modified to suit the desired investigation). Once 
a server completes a request, it then looks to the wait queue for the next request. 
If the wait queue is empty, then the server sits idle waiting for the next request. 

The request service time (Ri), the main parameter of the Server Model, is the 
time to process and retrieve web page i and transmit it to the user. It follows that 
the web page size (Wi) would have a direct impact on the request service time 
(Ri) as the larger a web page becomes, the longer it takes to service and transmit. 

From Equation (1), we can observe that web page size is the sum of the object 
sizes, where web page i consists of a unique set of Qi objects, and each object has 
a size Θij. Thus, the request service time, which is assumed to be exponentially 
distributed, would have a mean of µ−1Wi where µ−1 is simply the base service 
time (Equation (2)). The number of objects (Qi) and their object type is an im-
portant aspect of our model, and one that can be varied as needed to emulate a 
plethora of different environments. 

1 .iQ
i ijjW

=
= Θ∑                          (1) 

1
i iR Wµ−=                           (2) 
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Figure 3. Web page selection model. 
 

 

Figure 4. Web page request model, showing FCFS web server queues. 

3.4. Web Page Model 

The web page model represents the totality of information that is requested and 
delivered to the user. It is modelled as a collection of web page objects that are 
transmitted from the web server to the user upon request. Each web page object 
is assumed to be transmitted independent of one another, but a web page request 
is not fulfilled until all objects that compose the web page are received. Each web 
page is unique, and consists of the Web Page Object Set, which is determined 
according to a Web Page Categories. 

3.4.1. Web Page Object Set 
A web page consists of a collection of one or more web page objects, which we 
refer to as the Web Page Object Set. The composition of the object set is as-
sumed to be determined by both the number and type of objects. The distribu-
tion of the objects and their object types is influenced by the web page category, 
which is a parameter of the web page and will be discussed shortly. 

Each object consists of two main attributes: object type and size. The Web 
Page Object parameters are based on the work of Ihm ([6] and summarized in 
Table 1. While this set is not exhaustive, these six web page object categories 
account for the majority of information being transferred via the WWW [6].  
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Table 1. Example web page object parameters. 

Object Type Size Examples 

text small HTML, XML, text 

script small, medium JavaScript 

css small CSS 

image small, medium .png, .gif, jpg 

audio small, medium .ogg, .mp3, .wmv 

video medium, large .flv, .mov 

 
From Equation (2), we can observe that object sizes directly affect the web page 
size, and thus influence the request service time (R). 

3.4.2. Web Page Categories 
The next feature of a web page is the web page category which characterizes the 
composition of web pages as defined by our model. The web page category pro-
vides a means to define the composition of web page objects within the model by 
specifying how objects are distributed based on their object type, and size within 
the object set of each web page. As seen from Equation (2), the category of a web 
page would directly affect the retrieval time due to the potentially inherent dif-
ferences in web page sizes. 

Using the analysis from [10], we specify three web page categories: article, 
media, mosaic for our web Page Model but recognize that other page categories 
and their compositions are certainly possible. The following summarizes our 
three web page categories: 

article Typically contains information about one specific topic. The composi-
tion consists of a large amount of script, text and images, but has very little audio 
or video information. Examples: news articles, Wikipedia article pages. 

media While this category is similar to articles, the main difference is that a 
media page provides more audio and/or video. Examples: image collages such as 
Google Images, Flickr, Pinterest; image pages, music and video streaming. 

mosaic Web pages that provide multiple links and summaries to other specif-
ic topics. Their size is primarily influenced by text and script, with some image 
information and a moderate amount of audio and/or video. Examples: search 
results such as web searches, Pinterest image search; website main pages, social 
media threads. 

The breakdown of web pages into web page categories are input parameters in 
our model (percentages). In addition, the web pages in each category are confi-
gured according to an input table that describes the way in which objects are to 
be distributed. Figure 5 shows a graphical example of this configuration for M 
web pages and their distribution using the web page categories. It also displays 
one example web page from each of the three web page categories to illustrate 
how the page category affects the object distribution. 
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Figure 5. Example web page composition based on category. 

 
From Figure 5, we can observe that the web page that is an article is domi-

nated by several text objects, each of a medium size, as well as several small im-
ages with only a few of each of the other objects. In contrast to an article web 
page, media web pages are dominated by a moderate number of large audio and 
video objects. The mosaic web page, however, has several medium sized image 
objects and a moderate number of other objects. 

4. Results 

Based on the model presented in Section 3, we developed a discrete-event simu-
lation to evaluate the model and investigate the impact of the various parame-
ters. In addition, we establish parameter values that are representative of various 
loading scenarios that could be used when applying our model to other distri-
buted applications. Details of the implementation, validation and verification of 
the simulation can be found in [4]. 

We will begin our investigation in this section by examining the effects of the 
model parameters for web page composition and determine their relationship to 
our main parameter of interest, MRT. Several key parameters contribute to the 
web page composition including web page category, object size, object type, as 
well as number of objects. With these parameters established, we then examine 
the impact of system load and coefficient of variation of web page request inte-
rarrival times on MRT. We will finish this section with a closer look at the ratio 
of web page categories in order to determine the effect on performance. 
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4.1. Composition of the Web Page Set 

The Web Page Set consists of several parameters that affect the performance of 
our system, in particular MRT. We refer to the collection of parameters that de-
termine the make-up of the Web Page Set as the Composition of the Web Page 
Set. Ultimately, our goal here is to establish the sizes of the web pages in our sys-
tem, which vary according to web page categories. 

In the Server and Web Page models introduced in Section 3, we described the 
parameters that compose the Web Page Set. Figure 6 provides a visual summary 
of the relationship between these parameters. The Web Page Set consists of M 
web pages, where each web page has a composition that follows one of our three 
web page categories: article, mosaic, media. The number of web pages of each 
category in our Web Page Set is broken down by the Ratio of Web Pages per 
Web Page Category. Each web page i has a Web Page Object Set, which consists 
of Qi objects of various types and sizes. The object types and sizes, as well as the 
quantity for a given web page, are determined by the web page category. The 
sum of the object sizes in the Object Set determines the size of each web page 
(Wi). 

The Ratio of Web Pages per Category describes how many web pages of each 
category there will be in the Web Page Set. Ratios are expressed as a percentage 
of M and are expected to be greater than 0%. We now introduce the term kcategory 
to be the proportion that a category represents in the Ratio of Web Pages per 
Category. Thus, there are kcategory M Web pages per category. 

We next introduce the concept of Web Page Category Base Scenario to be the 
starting point for establishing other model parameters in this section. We as-
sume the following ratio of web pages per category: karticle = 30%, kmosaic = 40%, 
and kmedia = 30%. The values for the Base Scenario were chosen to result in the 
middle of the range of possible mean web page size for all requests [4]. It is im-
portant to note that the choices of the parameters for Web Page Category Base 
Scenario could easily be modified as we are only interested in the relative (not 
absolute) performance of the system. Later in this section, we will investigate the 
effect that the Ratio of Web Pages per Category has on MRT. 

The Composition of the Web Page Object Set is important as it establishes the 
size of each web page. Each category and object type has a categorical object size, 
and a number of objects. We begin by establishing the categorical Object Sizes 
(Θ) for each object type. The Object Sizes are based on the percentage of bytes 
per page type described in [6], combined with an anecdotal representation of a 
web page in each category. The Composition of the Web Page Object Set at-
tempts to generalize the various Web Page Object Media Types of real-world 
objects.  

In our model, we have captured this range of sizes with three categories: small 
(Θsmall), medium (Θmedium), and large (Θlarge). We assume that these Object Sizes 
are fixed in our model with Θsmall = 1, and Θlarge = 100 (Θmedium will be discussed 
in the following paragraph). As we are only interested in the relative effect of  
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Figure 6. Visualization of the composition of the web page set. 
 

object sizes, we do not attempt to correlate them to bytes or octets. Thus, we as-
sume the small object size (Θsmall = 1) to be the base unit for all measures of data 
size in our model. 

The value for the Medium Object Size (Θmedium), was based on previous re-
search [21]. The authors provided a detailed analysis of document sizes which 
we scaled to our small and large Object Sizes (between 1 and 100) and sorted 
from smallest to largest. By choosing the median of the document sizes based on 
the results from [21] as our Medium Object Size, we approximate the shape of 
the graph. We can therefore set Θmedium = 15. 

Web page categories are a key feature of our model, as they allow us to cha-
racterize the effect that different compositions of web pages have on MRT. Thus, 
the size per web page in each category should be sufficiently different from those 
of other categories as to impact the MRT when the Ratio of Web Pages per Cat-
egory varies. While examining web traffic patterns in [6], the authors modelled 
web pages as being short, medium, or long in terms of total page load times. 
They observed that medium pages took 3 times longer than short pages, and 
long pages took 6 times longer than short pages. 

We apply their observations of short, medium, and long pages to our web 
page categories (article, media, mosaic) in how they affect MRT. This provides a 
basis for us to establish our differences in mean web page size between catego-
ries. However, to exaggerate this effect we, used higher multipliers (4 and 8) than 
those observed in [6]. 

Thus, using Warticle as the basis, we set the approximate web page size per cat-
egory to be: 

Wmosaic ≈ 4Warticle                       (3) 

Wmedia ≈ 8Warticle 
Again, the absolute value of Warticle is not important as again we are only con-

cerned with the relative size differences between the web page categories. 
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The final task in establishing the Composition of the Web Page Object Set is 
to determine the Number of Objects that a web page contains. For this, Equation 
(3) is used. The Number of Objects is an important consideration in areas such 
as object-level web caching [4]. 

To accomplish this, we introduce one additional assumption that the average 
Number of Objects per web page is approximately 100 [22]. With these criteria 
in mind, and influenced by [6], we arrive at Table 2 which shows the Number of 
Web Page Objects (Qi) and the web page size (Wi) for each web page based on 
their category. 

The number of objects across our three categories (80, 138, and 63) has an av-
erage of 94, which we feel is reasonable, as it is near our goal of 100. We will use 
the values from Table 2 for the object composition for all remaining experi-
ments. 

4.2. Coefficient of Variation of Web Page Request Interarrival  
Time 

The coefficient of variation of web page request interarrival time (CV) is a me-
tric we use for characterizing the variability of the web page request process 
(coefficient of variations greater than three are common [3]). The parameters we 
use to control the coefficient of variation are: the number of potentially popular 
web pages (M0), the popularity transition rates (γ1 and γ2), and the popularity 
factor (v). For the number of potentially popular web pages (M0), we assume M0 
= 0.1M (10% of files are potentially popular) [3]. 

To determine the popularity factor (v), we examined the effect that v has on 
the coefficient of variation; these results are shown in Figure 7. We can see from 
this graph that as v increases, so does CV, with little variation. Eventually, CV 
begins to level off with larger values of v, which is to be expected. 

 

 

Figure 7. The effect of popularity factor (v) on CV. K = 5, M = 10,000, M0 = 
1000, γ1 = γ2 = 200,000, ρ ≈ 87%, web page category base scenario. 
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Table 2. Number of web page objects and web page size for each web page category. 

Category Qi Wi 

Article 80 80 

Mosaic 138 320 

Media 63 640 

 
Continuing with our examination of the model parameters, we now move 

onto investigate the impact that coefficient of variation has on MRT (see Figure 
8). This graph shows that MRT seems to gradually increase as CV increases. The 
variation in MRT also increases with CV as can be seen in the slight increase in 
the confidence intervals. After CV = 4, there appears to be a leveling off which is 
seen both in the MRT as well as in the confidence intervals. In experiments 
going forward, we will set v = 90 to keep CV ≈ 3. 

4.3. System Load 

We define system load (ρ) to be the mean utilization over all servers in the sys-
tem. It is influenced by several parameters, most notably: number of users (N), 
mean web page size for all requests (W), number of servers (K), and coefficient 
of variation (CV). 

In Figure 9, we examine how the system load varies with the number of users 
and the number of servers (where K = {1, 5, 10}). We see that for all server sce-
narios, system load (ρ) increases with N. In addition, as the K increases, N must 
increase to achieve equivalent system load (ρ). In all three scenarios, there is a 
distinct leveling off when the number of users (N) increase to the point where 
the systems become saturated (ρ = 100%) [23]. 

We complete our investigation of system load in Figure 10, where we observe 
the effect of varying the number of users (N) has on MRT. Lower values of N 
seem to have a minimal effect on MRT, however, as N continues to increase, the 
effect on MRT transitions to a higher rate of change. This transition corresponds 
to approximately the same points where the change in slope levels off in Figure 
9. The rate of increase in MRT grows linearly until system load approaches 
100%. It is also evident from Figure 10 that increasing the number of servers (K) 
reduces the MRT as the number of users (N) increases. 

4.4. Varying Web Page Category 

As was mentioned in Section 4.1, our analysis of web page categories is a key 
feature of our model as it characterizes the effect that different compositions of 
web pages have on MRT. In this section, we present results of varying the Ratio 
of Web Pages per Web Page Category on MRT. 

Table 3 shows the thirty-six Web Page Category Ratio Test Scenarios that we 
developed, which are made up of permutations of Ratio of Web Pages per Web 
Page Category in increments of 10%, starting at 10%. 
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Figure 8. The effect of CV on MRT. K = 5, M = 10,000, M0 = 1000, γ1 = 
γ2 = 200,000, ρ ≈ 87%, web page category base scenario. 

 

 

Figure 9. Varying system load with number of users. M = 10,000, M0 = 
1000, CV ≈ 3, web page category base scenario.  

https://doi.org/10.4236/jsea.2024.172004


R. Hurley, R. Sturgeon 
 

 

DOI: 10.4236/jsea.2024.172004 83 Journal of Software Engineering and Applications 
 

Table 3. Web page category ratio test scenarios. 

Scenario karticle kmosaic kmedia 

1 10 10 80 

2 10 20 70 

3 10 30 60 

4 10 40 50 

5 10 50 40 

6 10 60 30 

7 10 70 20 

8 10 80 10 

9 20 10 70 

10 20 20 60 

11 20 30 50 

12 20 40 40 

13 20 50 30 

14 20 60 20 

15 20 70 10 

16 30 10 60 

17 30 20 50 

18 30 30 40 

19 30 40 30 

20 30 50 20 

21 30 60 10 

22 40 10 50 

23 40 20 40 

24 40 30 30 

25 40 40 20 

26 40 50 10 

27 50 10 40 

28 50 20 30 

29 50 30 20 

30 50 40 10 

31 60 10 30 

32 60 20 20 

33 60 30 10 

34 70 10 20 

35 70 20 10 

36 80 10 10 
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Figure 10. Effect of number of users on MRT. M = 10,000, M0 = 1000, K 
= 5, CV ≈ 3, web page category base scenario. 

 
Figure 11 presents a graph of the results of the various test scenarios on Mean 

Web Page Size for All Requests (W ). We can see a general trend where, with low 
ratios of Article Web Pages, W  tends to be high, being dominated by the larger 
Mosaic and Media Web Pages. Conversely, with higher ratios of Article Web 
Pages, Mosaic and media Web Pages tend to contribute less to W . This makes 
sense since the relative difference in web page size has Mosaic and Media Web 
Pages 4 and 8 times larger than Article Web Pages. 

The Mean Web Page Size for our Base Scenario is shown also noted in Figure 11 
and has a value of 344.7. This puts it roughly in the middle of the minimum and 
maximum Mean Web Page Sizes (158 and 554). This confirms our goal to have the 
Mean Web Page Size for our Base Scenario be near the middle range of W . 

Next, we examine how the Mean Web Page Size affects MRT and system load. 
These results are shown in Figure 12. We can observe that MRT increases 
non-linearly as W  increases, and at higher values of W , ρ flattens out around 
90%. This is in line with the results we saw in Section 4.3. The system load for 
our Base Scenario is 85,3%. This is not a coincidence, as we have chosen para-
meters so that Base Scenario results in ρ ≈ 85%. 

Of particular interest for these experiments is that we can now establish three 
Web Page Category Ratio Test Scenarios that could be used as representative 
cases when incorporating our User Request Object-Level framework model into 
the study of other distributed web applications. Along with our Base Scenario 
(established in Section 4.1), we have added Low and High scenarios. These three 
Test Scenarios are summarized in Table 4. 

We now examine the effect that these Test Scenarios have on MRT (results 
shown in Figure 13). We can observe that MRT increases as the mean web page 
size (W ) increases. This is reasonable since W  is proportional to request service 
time. The relationship between W  and MRT is however, non-linear, but we can 
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observe that the difference between the values of the MRT and W  are pro-
nounced. One of our goals in Section 4.1 was that each web page category be dif-
ferent enough to significantly impact MRT which we have certainly established. 

 
Table 4. Summary of web page category ratio test scenarios. 

Scenario karticle kmosaic kmedia Measured W  
Low 70 10 20 213.5 

Base 30 40 30 344.7 

High 10 30 60 487.1 
 

 

Figure 11. Effect of varying the ratio of web pages per web page category on 
the mean web page size for all requests. 

 

 

Figure 12. The effect that mean web page size has on MRT and system 
load. M = 10,000, M0 = 1000, CV ≈ 3, K = 5, N = 480, z = 35,000. 
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Figure 13. The effect of our final web page category ratio test scenario 
on MRT. K = 5, N =, z = 35,000, CV ≈ 3, ρLow ≈ 57%, ρBase ≈ 85%, ρHigh 
≈ 93%. 

4.5. Conclusions 

In this paper, we presented a User Request Object Level Framework Model 
which is composed of three sub-models: User-Request Model, Server Model, and 
Web Page Model. Of particular interest is the Web Page Model, which catego-
rizes the composition of web pages at the object level and represents the presen-
tation of the web page from the user’s perspective. We used our framework 
model to establish and evaluate system parameters and demonstrated that there 
is a relationship between MRT and the composition of the Web Page Set. Based 
on those results, we were able to develop three Web Page Category Ratio Test 
Scenarios (Base, Low, and High) that can be used to investigate distributed ap-
plications. 

One of the main goals of our research was to develop a framework model that 
can be incorporated into other research. The obvious choice from this work 
would be to apply the framework (more specifically, the three Web Page Cate-
gory Ratio Test Scenarios) to a web-caching environment which is set up with web 
pages composed of objects and a user community generating requests. Another 
possible application is the Internet of Things (IoT). The IoT is a concept of in-
terconnecting small devices and other systems for exchanging data. Although 
the types of IoT devices span a large range of computing capabilities and data 
requirements, the overall environment can be envisioned to consist of a user 
population interacting with devices that contain objects that are requested. An 
IoT environment would differ from the one examined in this paper as it would 
have a higher ratio of web pages with respect to our developed categories, and a 
page would be made up of a small number of smaller number of objects that had 
low catchability. 

As for the framework itself, it could be extended to include other object types. 
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Our model used six web page object media types that generalize the many that 
are available in the WWW. An example of this is the text object type, which is 
intended to be representative of HTML and XML objects. These objects, when 
compared to one another, have been shown to have different request rates and 
represent different request size proportions. These can easily be thought of as 
separate types. In addition, the object type, octet, was left out of our model, and 
it represents a moderate amount of data transferred on the WWW, especially for 
larger web pages. Octet objects are often related to video watching and large 
files. It would be interesting to see the effect of modelling these, and other object 
types. 
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