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Abstract | i

Abstract

The rendering method used to render a web page is an important cornerstone
in effective online content delivery. Two primary rendering methods are
commonly used, Client-Side Rendering (CSR) and Server-Side Rendering
(SSR). CSR renders the web application on the client while SSR renders it
on the server. Both methods come with benefits and drawbacks. One new
emerging method with potential is streaming SSR. Streaming SSR allows the
server to send parts of the page as soon as they are rendered instead of waiting
for the whole page to be rendered.

I set out to answer the question: How does the adoption of streaming
server-side rendering (SSR) affect page performance, server load, and user
experience of a web application? This was done by implementing two web
applications. One web application used streaming SSR while the other used
standard SSR. The web applications were then compared in terms of page
performance, server load, and user experience.

The web application with streaming SSR, shows promising results for the
page performance. streaming SSR had an average of 32% faster time to first
byte (TTFB) and 40% faster for total blocking time (TBT).

Other metrics were also measured, however, TTFB and TBT show the most
significant impact. The server load favored standard SSR. The server load was
2% larger for streaming SSR compared to standard SSR.

A user survey was done to measure the user experience. The users in the
survey favored the web application with standard SSR. The reason was not
connected to the streaming functionality, but rather the loading spinners and
task design.

The thesis concludes that streaming SSR has some clear page performance
benefits, however, more research needs to be done into the effect on user
experience.

Keywords

Streaming, Server side rendering, Client side rendering, page load perfor-
mance, Isomorphism, Singel page application, Multi page application, React,
User experience, Rehydration, Streaming
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Sammanfattning

Renderings metoden som anvinds for att rendera en websida dr en viktig
grundpelare i effektiv leverans av onlineinnehdll. Tvd primér renderings
metoder anvinds vanligtvis, klientsidig rendering (CSR) och serversidig
rendering (SSR). CSR renderar web applikationen pa klienten medan SSR
renderar web applikationen pa servern. Bdda metoderna har fordelar och
nackdelar. En ny framvixande metod med potential dr strommande SSR.
Strommande SSR gor det mojligt for servern att skicka delar av sidan s snart
de dr renderade istillet for att vénta tills hela sidan &r renderad.

Jag stillde frdgan: Hur paverkar inforandet av strommande serversidig
rendering (SSR) sidans prestanda, serverbelastning och anvindarupplevelsen
for en webbapplikation? Detta gjordes genom att implementera tvd webbap-
plikationer. En webbapplikation anvinde strommande SSR medan den andra
anvinde standard SSR. Webbapplikationerna jamfordes sedan avseende sidans
prestanda, serverbelastning och anvindarupplevelse.

Web applikationen med SSR visade lovande resultat for sidprestandan.
Strommande SSR hade i genomsnitt 32% snabbare time to first byte
(TTFB) 40% och snabbare Total blocking time (TBT). Andra mitvirden
undersoktes ocksd, men TTFB och TBT visade den mest betydande péverkan.
Serverbelastningen gynnade standard SSR. Serverbelastningen var 2% storre
for strommande SSR jamfort med standard SSR.

En anvindarundersokning utfordes fOor att mita anvindarupplevelsen.
Anvindarna i undersokningen foredrog web applikationen med standard SSR.
Anledningen var inte kopplad till stromning egenskaperna, utan istéllet kopplat
till laddningssymbolerna och uppgiftsdesignen.

Denna studie drar slutsatsen att strommande SSR har tydliga fordelar
for sidprestandan. Diremot behdvs mer forskning goras om effekten pa
anviandarupplevelsen.

Nyckelord

Stromning, Serversidig rendering, Klientsidig rendering, Sidladdningspre-
standa, Isomorfism, Enkelsidig applikation, Flersidig applikation, React,
Anvindarupplevelse, Rehydrering, Stromning
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Chapter 1

Introduction

The importance of page load time has been underlined in multiple studies and
they all point to the fact that improved page load time improves user experience
[1, 2]. This in turn also affects the business revenue. A study done by Bing
found that a 10 ms increase in page load time leads to $250K more in revenue
annually [3]. Another study done by Amazon showed an increase in revenue
by 1% for every 0.1-second reduction in page load time[4].

The speed of a page load can be considered in many ways. One way is to
look at the time needed to render the whole page. Another way is how fast the
first content is shown on the page. Research shows that rendering the relevant
information to the user in below 1000 ms will keep their focus on the task they
are performing [5].

1.1 Background

The rendering of the page plays a big role in the page load time. Rendering
involves generating an image on a computer, often within web applications [6].
Rendering in web applications can be broadly categorized into two primary
methods: Client-Side Rendering (CSR) and Server-Side Rendering (SSR).
CSR involves rendering web pages in the client’s browser using JavaScript,
initially sending an empty HTML page along with JavaScript files. This
approach allows for dynamic page updates without reloading but can introduce
problems in terms of search engine optimization (SEO) and page performance
[7]. SEO issues arise because web crawlers often fail to index an application
using CSR [8]. CSR can result in a slow initial page load since the client
must render the page with Javascript. On the other hand, server-side rendering
(SSR), handles the rendering process on the server, sending a server-rendered
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HTML page to the client. This method can significantly improve the initial
page load time and SEO, however, the dynamic nature provided by CSR is
lost [9]. A solution for the drawbacks of CSR and SSR is the emergence of
the Isomorphic web application architecture [8].

An isomorphic web application combines the best parts of CSR and SSR
[7]. Isomorphic means that the same code base can run on both the server
and the client. This means that the initial render of the page happens on the
server, thereby gaining the benefits of SSR, such as improved FCP and SEO.
The rest of the functionalities of the web page are then rendered on the client
side, preserving the dynamic nature provided by CSR [9, 10].

Building on the concept of SSR, the concept of streaming server-side
render has emerged. Streaming SSR could improve page performance by
allowing the server to send parts of the HTML to the client as soon as they are
ready, instead of waiting for the entire page to be rendered [10] In particular,
the page performance metrics First Contentful Paint (FCP) and Time to First
Byte (TTFB) could be improved [11]. These metrics are utilized by both the
industry and researchers and are provided by the Google Chrome Lighthouse
page load time testing tool [12].

1.2 Problem and research question

The question of SSR, CSR, and isomorphic web rendering methods is a
common topic in the industry. Industries need to have a web application
that can be optimized for performance, user experience, and search engine
visibility. Often industries turn to an isomorphic web application in some
form to gain good search engine optimization (SEO) [8] and fast page load
benefits while still keeping maintainable server costs.

This thesis was done in collaboration with Nordnet. Nordnet is a leading
digital platform that aims to democratize savings and investments across the
Nordic region. Nordnet is currently using an isomorphic web application and
it is in their interest to investigate if some alternatives or modifications can be
done to optimize their current method.

A substantial amount of related work has compared CSR to SSR,
examining their respective strengths and weaknesses [13, 6, 14, 15, 16, 17].
Some studies also explore the potential of the isomorphic web applications
[7,9, 18, 19]. Additionally, SSR has also seen some studies aiming to optimize
the performance and SEO [20, 21, 22]. One study by Vogel and Springer
explored how streaming technologies can improve web content delivery by
dividing web pages into smaller, streamable chunks which could enhance
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the First Contentful Paint (FCP) and the Time To First Byte (TTFB)[11].
However, more work could go into exploring how streaming affects page
performance as well as other aspects. This thesis aims to investigate the
benefits and drawbacks of streaming SSR with the following research question.

How does the adoption of streaming server-side rendering (SSR) affect
page performance, server load, and user experience of a web application?

This question can be broken down into three part questions:

1. How does streaming SSR influence page performance?

2. What are the server load implications with streaming SSR compared to
standard SSR?

3. How does the streaming SSR affect user experience in terms of page
load speed, stability, and responsiveness?

1.3 Hypothesis

In the study by Lucas Vogel and Thomas Springer they mention that streaming
SSR could lead to a faster server response which could improve both TTFB
and FCP [11]. It is hypothesized that streaming Server-Side Render (SSR)
could affect question 1. Streaming SSR could improve the FCP and TTFB
thus confirming the claims of Lucas Vogel and Thomas Springer.

1.4 Research Methodology

To answer research questions 1 and 2, a systematic empirical evaluation of
streaming SSR in terms of page performance and server load was conducted
[23]. In this study, design research was conducted by implementing two
prototype isomorphic web applications [24]. The isomorphic web applications
were implemented based on the web application used at Nordnet. One web
application used Streaming SSR while the other used normal SSR. Lighthouse
[12] was selected as the tool for measuring page performance, aligning with its
use in related studies [25, 14, 13]. Lighthouse is built into the Google Chrome
browser and measures a selection of page performance metrics of the current
page. The page performance metrics used in this study can be found in section
3.3.

The server load was analyzed by sending traffic to each web page with the
open-source tool locust [26] and then measuring the CPU usage on the server
with a tool provided by Nordnet. This is to ensure that streaming SSR does
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not have a large effect on the server compared to no SSR. However, it is also
to measure how sustainable streaming SSR is.

To answer research question 3, a user survey was conducted. It was done
to gather qualitative data, following the relevance highlighted in related works
[15, 6, 7]. In the user survey, participants were tasked with visiting each
of the implemented web pages and then answering questions related to their
perceived user experience.

1.5 Sustainability and environmental aspect

This study aimed to investigate the sustainability aspects of streaming Server-
Side Rendering (SSR). Research points toward the fact that data centers will
become the largest energy consumers in 2025 [27]. This energy consumption
has a direct effect on the environment because of the CO, released when
producing the energy. This means that the CPU usage of a web application
affects the CO, emission through the energy consumption.

The environmental impact of streaming SSR was measured by evaluating
the CPU usage on the server. The CPU used by streaming SSR was compared
to the web application using standard SSR.

1.6 Delimitations

This thesis project focused on evaluating streaming SSR. There are many
interesting concepts in the isomorphic rendering field to be explored, like
progressive rehydration which builds upon streaming SSR [10]. However, this
thesis only compared streaming SSR to standard SSR.

1.7 Structure of the thesis
This thesis is structured into seven main chapters.

1. Chapter 1 introduces the problem, question, and objectives.

2. Chapter 2 dives into the needed background information to understand
the context of the study. The topics studied are client-side rendering,
server-side rendering, React, streaming server-side rendering, and
Isomorphic web applications.
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. Chapter 3 introduces the methodology and methods that was used to
solve the problem.

. Chapter 4 describes the practical steps taken to implement the different
methods.

. Chapter 5 presents the results.

. Chapter 6 interprets the results and discusses them in the context of the
research question. It also discusses potential findings.

. Chapter 7 summarizes the research, concludes the findings, and
discusses the limitations. It also suggests areas of interest for future
work.
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Chapter 2

Background

The background section contains a literature study to provide the reader
with an understanding of the technologies used in the thesis. The literature
study includes Server-side Rendering, Client-side Rendering, [Isomorphic Web
Applications, Streaming Server-Side Rendering, and React.

2.1 Rendering methods / Applications

» Server-Side Rendering (SSR): Refers to the process of letting the
webserver render the full HTML before sending it to the client’s
browser.

* Client-Side Rendering (CSR): Refers to the process of letting the client’s
browser render the page.

* Isomorphic Web Application: An application where the same codebase
can be run on both the server and the client. This approach makes it
possible to combine client-side rendering and server-side rendering.

* Multi Page Application (MPA): The traditional web application model
that renders a new page on each user interaction using SSR.

 Single Page Application (SPA): The web application model that updates
the page dynamically on user interaction. This method utilizes CSR.
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2.2 Server-Side Rendering

SSR refers to the process of letting the webserver render the full HTML before
sending it to the client’s browser. Historically, SSR rendering was the approach
all of the web applications used, often referred to as the Web 1.0 era. Web 1.0
was the early stages of the internet which consisted of static HTML pages
[15]. Websites back then were limited to read-only meaning that users were
not able to communicate back information [6]. Some frameworks utilizing this
approach include ASP.NET and Ruby on Rails [9]. The server was responsible
for everything, including generating the HTML content, managing navigation,
and even interaction. Every user interaction, like clicking on a link would
require a new HTML to be sent over from the server [28]. Figure 2.1 shows
the communication flow between the server and the client in SSR.

,»B\\\J Network '

Client Server

»| 2. Server
Processing

1. Client Reg

\.

=
3.Data Fetching %

4. Rendering Database

6. Webpage |€———5 Sending HTML.
fully rendered

Figure 2.1: Server Side Rendering

Having to fetch each new page for each user interaction is what is called
a multi-page application (MPA) and this was manageable in the early days of
the web application landscape. However, MPA raises some problems. The
first problem is that the continuous experience for users on a web page can
be affected negatively. Each user interaction on the page introduces a round
trip to fetch the new page from the server which can lead to a slow Time to
Interactive (TTI) (one of the metrics studied) [29]. Google statistics show that
a user is 32% more likely to leave the page when the load time increases from



Background |9

one to three seconds [30].

The second problem is that serving the web page to multiple users can
introduce a lot of server traffic. This is because the server has to render a
unique page for each user visiting the web page. Different users may see
different content based on their profiles, search terms, or other personalized
data, creating the need for individual rendering. Scaling up with SSR could
introduce problems [29]. SSR still has some clear benefits. This is due to the
advantages that SSR provides in terms of Search Engine Optimization (SEO)
[31]. When a search engine tries to gather information from a website using
crawlers, the crawlers only fetch the pre-rendered page. In the case of CSR
the pre-rendered page will be empty which yields no information. SSR on the
other hand will provide the crawler with a fully pre-rendered page which will
give better results for SEO [32]. The other advantage is the fast First Contentful
Paint (FCP) of SSR. SSR renders the HTML file on the server which means
that the page will be visually complete once the browser processes the HTML.
This is much faster than with CSR where the browser has to fetch the data from
the server, then run javascript to render the HTML page [13].

2.3 Client-Side Rendering

In CSR, the web server sends a payload with an initially empty HTML page
together with the necessary javascript. The HTML is then rendered when
the javascript is executed in the client browser [33]. Figure 2.2 shows the
communication flow between the server and the client in CSR.
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,%\J Network '

Client Server

-

1. Client Req
2. Server
Processing

[ Sending Bundle———————————————|

-
4. Inifial HTML |
rendering /
5. Data Fefching Request——————————9

6. Data Feiching

./

Database

& Rendering |[$———7 Data Fetching Response:

9. Web page
fully rendered

Figure 2.2: Client Side Rendering

CSR emerged as a response to the scalability problems and slow interaction
of SSR, particularly as part of the transition to Web 2.0. Web 2.0 referred
to as the read-write web era introduced more interactivity [6]. The shift
from rendering on the server to rendering on the client has brought several
implications [9]. By offloading the render process to the client, the server
load is decreased. Another benefit of CSR is the introduction of Single Page
Application (SPA) which is the opposite of Multi Page Application (MPA).
In SPA, the entire application is loaded on the initial request to the server.
This means that subsequent user interactions will update the page dynamically
instead of reloading the whole page [34]. The user experience in terms of
speed and interactivity is improved in a SPA. This is because SPA does not
require a full page reload on user interaction, unlike MPA. At the same time,
SPA keeps communication with the server to a minimum by loading the
application upfront. Subsequent interactions are handled locally in the SPA
without the need to request a new page from the server. This means that the
required network bandwidth and server load are reduced [9].

2.4 Isomorphic Web Application

An isomorphic web application enables the same code base to be executed on
both the server and the browser [7]. Isomorphic web applications combine
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the best parts of both CSR and SSR. It gains the benefits of good SEO and
a fast initial load from SSR, while also maintaining a good interactivity and
responsiveness from CSR.

The server creates an initial HTML that is sent over to the client. Once
sent over to the client, the client invokes the hydration process. Hydration
involves attaching event handlers to the HTML document. After hydration, the
isomorphic web application functions like any other single-page application
(SPA) [7]. 2.3 shows the communication flow between the server and the client
in an isomorphic web application.

(N
,%\J Network '

Client Server

»| 2. Server
Processing

1. Client Reg

/

3. Data Fetching
4. Initial HTML

rendering
l¢————————5 Sending Bundle———————————
B hydration | - pata Fetching Request—————>»]

.

Database

\

8. Data Fetching

\

10. Rendering |[#——— % Daiz Feiching Response———————

11. Web page
fully rendered

Figure 2.3: Isomorphic web application

2.5 Streaming Server-side Rendering (SSR)

Streaming server-side rendering is a method that enables the HTML to be sent
in chunks from the server to the client browser which enables the browser
to progressively render the page [13]. This is based on the browser’s ability
to render partial HTML. In this approach, the server can send in additional
HTML content at a later time. For instance, user interface content that requires
extra data processing on the server can be sent over as a hidden HTML element
together with script tags to dynamically add the HTML element to the HTML
page [11]. Streaming server-side rendering has some improvements on the
page performance metrics. Since the first byte reaches the client faster in
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streaming SSR compared to standard SSR, Time to First Byte (TTFB) is
improved. First Contentful Paint (FCP) is also improved because the client
can parse the HTML as soon as it is received [11].

2.6 Related work

2.6.1 Client-side rendering vs Server-side rendering

Multiple studies compared CSR to SSR. Each method comes with trade-offs
and the preferred methods heavily depend on the situation. However, a lot of
the related work points towards the fact that SSR has better SEO and faster First
Contentful Paint (FCP) while CSR has a faster Time to First Byte (TTFB), less
server load, and network load.

One study by Taufan Fadhilah Iskandar et al. 2020 describes an experiment
where client-side rendering is compared to SSR [13]. In the experiment, two
applications are implemented. Both of them use HTML and CSS, however, in
the first application, PHP is used to enable SSR while the other uses javascript
to enable CSR. The study found that server-side rendering has benefits when it
comes to SEO as well as better performance in various metrics, including FCP,
Speed Index, and Time To Interactive (TTI). However, this article also found
that the client-side rendering has better accessibility due to the SPA nature of
dynamically updating the page on the client instead of fetching a new page
from the server.

In a study conducted by Oskar Lyxell two web applications containing a
grid were implemented, one application used CSR while the other used SSR
[6]. These applications would then be measured in terms of performance and
user experience. The performance metric used was the time to render the grid.
The study concludes that SSR was faster at rendering the grid compared to
CSR. The user experience showed no major difference and the study suggests
that more research can be done on the user experience.

Yuxuan Wu conducted a study where CSR was compared to SSR [14].
The study used the tool lighthouse to measure the performance and found that
FCP was faster for server-side render while TTI remained the same.

A comparative study by Mathias Beke investigated the differences between
CSR and SSR [15]. This was done through a user survey of developers to find
out what the developers think of CSR and SSR. The study also conducted
an empirical evaluation by setting up two applications, one with CSR and one
with SSR. The study finds that certain attributes affect if the rendering method
is to be preferred. When the attributes server bandwidth, server throughput,
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next page load times, usability, and scalability are important, CSR is to be
preferred. Meanwhile, if the attribute’s initial page loads, development effort,
search engine optimization, and browser compatibility are important, SSR is
preferred.

One study compared CSR and SSR when using the data visualization
javascript library D3 [16]. The results showed better performance for CSR,
however, it is noted that the reason could be different influencing factors.

A study by Verma et al. compared SSR and CSR to provide insight
into the optimal selection [35]. The main findings highlight a trade-off.
SSR has an improved initial page load, and improves SEO and performance
on older devices. However, might have a higher server load and limited
interactivity. CSR meanwhile can lead to increased interactivity and improved
user experience, however, slower initial page load and worse SEO.

A study by Aidar Mukhamadiev conducted an experiment where an
SSR ruby on rails application was transitioned to a CSR react application
[17]. The study found that the SSR architecture loaded the page faster than
CSR, however, the measured performance was nonstandardized metrics which
makes it hard to compare this to other related works.

This thesis shares a lot of similarities with these related works. These
related works compared CSR with SSR while this thesis will focus on
streaming SSR and standard SSR. This thesis will use similar tools to the
related work, like lighthouse and similar page performance metrics.

2.6.2 Isomorphic web application

Multiple studies explored isomorphic web applications, highlighting their
benefits alongside the trade-offs. The downside is the complexity introduced
with isomorphic web applications. In a study written by Aleksi Huotala et
al. a gray literature review and case study were conducted to explore the
benefits of isomorphism in Single-page Applications [7]. The study concludes
that isomorphic web applications have benefits for both the developers and
end-users however the benefits come with trade-offs. The main downside
is the increased complexity for the developers. One benefit of isomorphic
web applications observed was improved page performance. The Time
to Interactive (TTI) of the application is reduced however, because the
application is rendered on the server, the Time to First Byte (TTFB) is
increased. The user experience is also improved for an isomorphic web
application. This is because it does not have loading spinners or blank-page
flickering. The study also mentions that more research should be done about
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isomorphic web applications due to the lack of scientific research.

In another study, The University of Winona State conducted an experiment
where two react single-page application was implemented and compared [9].
The applications implemented were an isomorphic single-page application and
a client-side rendered application. The study found that the isomorphic single-
page application offered a faster speed index and was visually completed faster
compared to the client-side rendered application.

In a study by Rasmus Eneman, three performance techniques for SPA are
explored, HTTP2 push, Code Splitting, and Isomorphism [18]. In the study,
the three techniques are implemented in a web application and then tested on
how they affect the load time of the web application. The studied metrics are
first meaningful paint and time until a fully loaded page. The results show
that isomorphism brings improvements to the first meaningful paint and Code
splitting showed improvements for larger code bases on mobile phones.

The study “Isomorphic web applications Depends on how you react”
implemented an isomorphic web application using react and compared it
to an application using ember [19]. The findings of the work are that
the isomorphic web application performed better compared to the ember
framework. However, The isomorphic web application requires a more
complicated architecture compared to a normal SPA.

There are also books covering different web frameworks that explain how
isomorphic rendering can be done in that specific web framework. One
book covering React is ”Pro React Build complex front-end Applications in
a composable way with React” by Cassio de Sousa Antonio [36]. Vue.js is
covered in "Vue. JS Framework Design and Implementation” by HcySun
Yang [37].

The web application implemented in this thesis is isomorphic. The focus
is on streaming SSR and standard SSR, however, the web applications are
based on an isomorphic web application which makes these related works
relevant. The related work also highlights the benefits and drawbacks that this
thesis could explore. Aleksi Huotala et al. highlight that TTFB is worse in
isomorphic rendering and it is hypothesized that streaming SSR can improve
TTFB because of the server being able to respond faster.

2.6.3 Comparing frameworks

A lot of related work has been done in comparing different web application
frameworks. The related work focused most on React, Next.js, and Vue.
Two studies compared React to Next.js. The study by Harish A. Jartarghar



Background |15

et al. concludes that Next.js can improve the performance of the application
and enhance SEO compared to React [38]. The other study by Zerihun Dinku
implemented two applications, one with React.js and one with Next.js, and
then compared them in terms of page performance [25]. The experiment used
the tool lighthouse to measure multiple-page performance metrics. The study
concludes that React.js performed better in most of the page performance
metrics, however, the study mentions that several limitations could have
affected the results.

The study “Enhancing SEO in Single-Page Web Applications in Contrast
With Multi-Page Applications” by Karolina Kowalczyk and Tomasz Szandala
reviews methods for improving SEO in the three frameworks, Flask, React,
and Next.js [39]. In the experiment, three applications were implemented with
different frameworks. Several SEO optimizations were identified and applied
to the applications. The SEO score before and after each web application was
measured with the tool seobility. The results show that Flask and Next.js have
a big improvement after the optimization methods were applied while React
has the same results before and after.

Elar Saks conducted a study where Angluar, React, and Vue were
compared in terms of popularity, the difficulty of learning, and performance
[40]. The popularity was measured by information collected from major cloud
service providers, the learning curve was measured from the opinion of the
writer, and the performance was measured by setting up three Singel-page
Application (SPA) with each studied framework. The frameworks was then
tested in terms of loading speed. The study concluded that React is the most
popular framework, Vue is the easiest to learn and performed the best, and
angular is the worst and hardest to learn.

A qulitative study by Aylar Meredova compared the SSR capabilities in
React and Vue [41]. The study finds that SSR can provide advantages in terms
of SEO and faster initial load. However, the implementation can become more
complicated and more time-consuming. The study also showed that React is
more popular in the development community.

The framework implemented in this thesis was React which made the
related work that explored React and similar frameworks relevant. Some of the
related work that compares frameworks also used page performance metrics
that are similar to this thesis.
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2.6.4 Optimizing Server Side Rendering

Several related works have researched how SSR can be optimized. In the
study ”Speed Up the Web with Universal CSS Rendering” by Lucas Vogel
and Thomas Springer [20], the improved server-side CSS renderer Essential
is presented, which is based on the package Critical. The study finds that
Essential improved code efficiency and decreased the render-critical CSS
compared to Critical. Essential also has a high visual similarity and showed
matching or surpassing the performance of Critical.

A study by Joni Virynen, investigated methods to ensure the availability
of an SSR service under high load [22]. The study also focused on how the
performance of SSR in a React application could be improved. The study finds
that the most significant improvement technique was a CSR fallback where
SSR switched to CSR during high load. It also found that upgrading the server
to a more powerful instance enabled the server to handle more requests.

This thesis focused on investigating if streaming SSR can optimize and
improve SSR. This makes previous work that has looked into optimizing SSR
relevant for this study. The study by Joni Virynen is of particular interest
because it points out that SSR perform poorly on larger server loads.

2.6.5 Streaming

The study "Augmented Compression for Server-Side Rendering” by Fabian
Giesen et al. describes a method for video stream compression during server-
side rendering to reduce server load [21]. This was done by modifying the
x264 encoder to use a warping-based motion estimation process. The new
approach resulted in a video output with increased quality and reduced cost of
CPU time.

The study "How Streaming Can Improve the World (WideWeb)” by Lucas
Vogel and Thomas Springer presents an implementation of an approach to
loading web pages by splitting up the page into smaller, streamable chunks
[11]. The study explores how web pages can be progressively rendered and
highlights how streaming can optimize resource usage on both the client and
the server. They also mention that streaming could have potential benefits such
as a better First Contentful Paint (FCP).

The main focus of this thesis is on streaming SSR which makes related
work covering streaming very relevant. In particular, the study “How
Streaming Can Improve the World (WideWeb)” by Lucas Vogel and Thomas
Springer provides good background information and some hypotheses of how
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streaming SSR will affect page performance metrics. In particular, it is
hypothesized that FCP will be improved.

2.6.6 Research contributions

In contrast to the existing literature, this study provides the research field
with several innovative elements and contributions: It provides an empirical
evaluation of streaming server-side rendering concerning page performance
and server load. A user survey was also conducted to gather qualitative data,
following the relevance highlighted in related works [15, 6, 7]. Previous
research has primarily focused on comparing either SSR to CSR, investigating
isomorphic web applications, or optimizing other aspects of SSR.

2.7 Summary

See table 2.1 for a summary and overview of how the rendering methods
compare.

Rendering Benefits Drawbacks
Method
Isomorphic web | Combines the | Complicated,
applications benefits of SSR | Tradeoffs
and CSR depending
on how it is
implemented
[7, 19]
Streaming Faster FCP [11]
Server-Side
Rendering
Server-side Ren- | Better Slower TTFB,
dering SEO, Faster | more server load
FCP[13, 14] and more network
load [15]
Client-side Faster TTFB, | Slower FCP,
Rendering Less server load | larger JavaScript
and network load | bundle, and
[15] worse SEO
[13, 14]

Table 2.1: Comparison of Web Rendering Methods



18| Background



Method | 19

Chapter 3
Method

To research the question design research was conducted [24]. Design
research involves creating prototypes of IT systems and then evaluating
those prototypes. This could be through user testing, iterative design,
or performance analysis. In this master thesis, the prototypes were
isomorphic web applications using streaming SSR or standard SSR. These
web applications were then compared in terms of performance metrics, server
load, and user experience.

3.1 Research Process

Compare the two web
ImpIe\meehn;t-\;tlnlc;stloomnsrph|c applications in terms of page Conduct a User survey
PP performance and server load

Figure 3.1: Research Process

The experiment was broken down into 3 steps:

Step 1 Conduct an experiment. The experiment included setting up two
isomorphic web applications. One web application used streaming
SSR while the other used standard SSR. Then a testing tool was
implemented and user traffic was simulated and sent to each webpage.
Lighthouse was used to evaluate the page load metrics.
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Step 2 Evaluate the results from the experiment. The results of each web
application were compared to each other based on the performance
metrics and server load.

Step 3 Conduct a user survey. The user study explored how the web pages
affect user experience.

3.2 Research Paradigm

The chosen research paradigm was a mixed methods approach [42]. This
is to provide a better understanding of the performance of each rendering
method while also evaluating how that performance affects the subjective user
experience.

Step 2 in the experiment measured the objective performance of metrics
like server load and First Contentful Paint (FCP). This aligns with the positivist
principle.

Step 3 on the other hand gains data from subjective experience from a
survey. This aligns more with the Interpretivist principle.

3.3 Metrics

The page performance was measured using the metrics used by Google to
define the performance of a page [43]. The page performance metrics were
picked because of related works using similar metrics [25, 13, 14, 7] and
because Lighthouse tests the page on these metrics. The CPU usage was
measured with one metric representing the server load.

3.3.1 Performance metrics

3.3.1.1 First Contentful Paint (FCP)

FCP measures the time it takes when the user first navigates to a page until any
part of the page’s content is rendered on the screen [44]. The word ”content”
in this context refers to text, images, <svg> elements, or non-white <canvas>
elements.

3.3.1.2 Speed Index

Speed index measures how fast content is visually displayed during page load
[45]. This performance metric is used in the tool lighthouse provided in the
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Chrome developer tool. Lighthouse records a video of the page loading in
the browser. It then analyzes the visual progression between the frames to
generate a speed index score.

3.3.1.3 Largest Contentful Paint (LCP)

LCP measures the time when the user first navigates to the page until the largest
image or text block is visible in the viewport [46].

3.3.1.4 Time to Interactive TTI

TTI measures the time from when the user first navigates to a page to when
it becomes fully interactive [47]. A page is considered fully interactive when,
the page displays content, visible page elements have event handlers, and the
page responds to user interaction within 50 milliseconds.

3.3.1.5 Total Blocking Time (TBT)

TBT measures the time after FCP where the main thread was blocked,
preventing input responsiveness [48]. The main thread is considered blocked
if a task is on the main thread for more than 50 milliseconds. The browser
cannot interrupt a task in progress, which means that the browser must wait
for the task to finish until it can get a response.

3.3.1.6 Time to First Byte (TTFB)
TTFB measures the time between when a client requests a resource and when
the first byte of response arrives [49].

3.3.1.7 Cumulative Layout Shift (CLS)

CLS measures a sum layout shift score connected to each unexpected layout
shift that occurs during the lifespan of a page [50]. A layout shift refers to any
time a visible element changes its position from one frame to the next.

3.3.2 CPU Usage

CPU usage measures how much work the server spends when one or multiple
clients visit the page. Evaluating this metric is important because it can affect
the page load metrics. High CPU usage could indicate that the server is
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overloaded which can lead to consequences for the page load metrics, while
low CPU usage means that more work could be done on the server.

CPU usage directly affects CO, emission making it an important metric
to study. By observing the CPU usage, this master thesis explored the
environmental impact a server has on the climate.

3.4 Experimental designh and Measurements

One isomorphic web application with standard SSR was implemented in the
experiment. The initial application worked as a baseline and was tested on
the performance metrics and server load. Modifications were made to the
initial application to instead use streaming SSR. The Modified application
was tested on the performance metrics and CPU usage, and then users tried
the application in a user survey.

3.4.1 Hardware/Software to be used

The application was implemented using React and node.js [51, 52]. React
can be used to implement SSR, hydration, and streaming SSR. The tool
Lighthouse was used to measure the performance metrics. To automate the
metric collecting process, the tool lighthouseci was also used. Section 4.2
explains tools lighthouse and lighthouseci more in-depth. The load testing
tool locust was used to send traffic to the server to measure the CPU usage.
Section 4.3 explains the load testing tool locust in more depth. A Mac laptop
computer ran all the lighthouse tests and sent the traffic with locust. Table 3.1
shows the specs of the Mac used.

Table 3.1: Specs of the Mac used in the experiment

Spec Description

Processor 2,6 GHz 6-Core Intel Core i7

Graphics AMD Radeon Pro 5300M 4 GB Intel UHD Graphics 630 1536 MB
Memory 32 GB 2667 MHz DDR4

3.5 User survey

A user survey was conducted. Several volunteers were assigned to navigate to
different web applications and then asked to do some tasks. The volunteers



Method | 23

were informed that they were analyzing the user experience of a website,
however, they did not know about the rendering method used. After they
had gotten to interact with the website, they got to answer a questionnaire.
The questionnaire contained questions related to the performance metrics and
unrelated questions used for comparison purposes. This gave a subjective
perspective and conclusions regarding each rendering method’s impact on the
user experience.
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Chapter 4

Setting up the environments

4.1 Creating the isomorphic web application

Nordnet provided an already working isomorphic web application that uses
React. The goal was to understand the codebase, and then do the necessary
modifications to make it streamable. However, working with big codebases
introduced complexity that was never considered initially. This meant that a
lot of hurdles had to be conquered to make streaming work. The plan was to
implemented two web applications on one separate URL each. The first URL
has streaming server-side render (SSR), while the other URL has standard
SSR.

4.1.1 User Interface

Figure 4.1 shows the user interface that was tested. Loading spinners were
chosen as placeholders for this experiment. The height of the loading spinners
was different from the data streamed which can affect the cumulative layout
shift (CLS). In the figure, the four loading spinner was the part of the user
interface that was wrapped in Suspense meaning that those four parts of the
UI were streamed in. The thesis focused on those parts of the page because
they were of interest to Nordnet. However, if other parts of the user interface
were picked to be streamed instead, the results of this experiment could be
different.
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Figure 4.1: User Interface

4.1.2 Streaming Server-Side Render

The way to use streaming in React is with the use of renderToPipeableStream ()
[53]. renderToPipeableStream() turns the React Tree HTML
into a node.js stream and was introduced with react 18. By using
renderToPipeableStream () together with Suspense content could
be streamed to the client. See section 4.1.4 on Suspense. Listing 4.1 shows
the code implemented to enable streaming.
const { pipe } = renderToPipeableStream(<App />, {
onShellReady () {
response . setHeader (" content —type”, “text/html”);
pipe (stream);
},
1)
Listing 4.1: Implementing renderToPipeableStream

The onShellReady in the code is a callback that fires as soon as
the first shell has been rendered. The shell refers to any of the content
outside of the Suspense boundary. This means that the initial HTML sent
over will be any non-suspended content and the fallbacks of the suspended
content. However, as soon as one of the suspended components gets its data
fetched, that component will be streamed over and replaced with the fallback.
Depending on what components are wrapped in the suspense boundary, the
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effect on the page performance can differ. In this experiment, four datafetching
components were wrapped in suspense. Figure 4.2 Showcase the process from
the first-page load until fully loaded for each web application.

Streaming SSR Standard SSR

1.1-r, -
= J
’ ; “‘ . Streaming

Hydrating

Fully Loaded

Figure 4.2: Streaming vs No Streaming

4.1.3 Standard Server-Side Render

The standard way of rendering with react without streaming is to use
renderToString () [54]. However, I decided touse renderToPipeableStream()
to also showcase the standard Server-Side Render (SSR) [53]. This is
because renderToString () cannot be used to stream or await content
resulting in the suspense boundaries introduced in section 4.1.2 giving
an error. The solution to still use the suspense boundaries and prevent
streaming behavior was to use the onAllReady () option provided in
renderToPipeableStream (). This option will fire as a callback once
all the rendering is complete meaning that the stream will get the final HTML
and no further content. Listing 4.2 shows the code implemented to use
renderToPipeableStream without streaming.

1 const { pipe } = renderToPipeableStream(<App />, {

onAllReady () {
response . setHeader (" content —type”, “text/html”);
4 pipe (stream);

s )
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o 1)

Listing 4.2: Implementing renderToPipeableStream (no streaming)

4.1.4 Suspense

Suspense enables streaming SSR in React. Listing 4.3 shows a component
wrapped in suspense. If the data fetching in LoadingComponent supports
suspense, React displays a fallback while waiting for the data in LoadingCom-
ponent.

<Suspense fallback={<Loading />}>
<LoadingComponent />
3 </Suspense >

S}

Listing 4.3: Suspense in React

4.2 Lighthouse

The tool lighthouse was used to measure the metrics provided in section 3.3
[12]. Lighthouse is an open-source tool provided by the Google Chrome team.
It is integrated into the Google Chrome dev tools and can be used to measure
performance, accessibility, SEO, and more on a webpage.

(ny rapport) @ ol
9 Generera en Lighthouse-rapport Analysera sidhdmtning
Lage LA&s mer Enhet Kategorier
@ Mavigering (Standard) ) Mobil Prestanda
) Tidsintervall @ Dator Tillganglighet
) Ogonblicksbild [ Basta metoder
@ SEO

@ Progressiv webbapp

Plugin
[ Utgivarannonser

Figure 4.3: Generate Lighthouse report
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Figure 4.4: Lighthouse report on google.com

To automate the lighthouse testing, the continuous integration tool
lighthouse was used [55]. Lighthouseci is a tool used to integrate lighthouse
testing into the continuous integration workflow. However, in this experiment,
the lighthouseci tool was used to run lighthouse multiple times. Listing 4.4
shows the lighthouserc. js file which specifies what URL to run
lighthouse on, the settings of the run, and the target where the results are stored.

module. exports = {
ci:{
collect :{
settings : {
preset: “desktop”,
IE
url: [”placeholder”],
numerOfRuns: 100,

},
upload: {
target: “filesystem”,
outputDir: ”lighthouse —report”,
}s

Listing 4.4: .lighthouserc.js

In this experiment, two tests were done on each web application. In the
first test, lighthouse was run on both the web applications streaming SSR and
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standard SSR. In the second test, the tool Locust talked about in section 4.3
was used to simulate traffic from two users to each web page. Lighthouse
was then run on each webpage while traffic was being sent to each web page.
Lighthouse was run 100 times for each test and webpage. For each lighthouse
run, a JSON file was saved. The saved JSON files were collected in a folder
representing that webpage and test. This meant that in the test where no locust
user traffic got sent, one folder for streaming SSR and one for standard SSR
was gathered. For the test where two locust user traffic got sent, one folder for
streaming SSR and one for standard SSR was gathered. A Python script was
later used to get the average of each metric and to plot graphs to be investigated
in the results [56].

4.3 Load Testing

To measure the impact each method has on the server, the server load of both
the streaming SSR and standard SSR web applications was measured. This
was done by sending traffic to the web application tool using a load testing
tool and observing the effect on server load. The load testing tool used is the
open-source tool locust [26].

@ LOCUST

Start new load test

Number of users

Figure 4.5: Locust Load testing tool

Locust enables the developer to specify how many users to send traffic
with simultaneously, how many users to spawn each second, and which URL
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to send traffic to. In this experiment, the amount of users used in the locust tool
was set to 4. The user traffic was sent for 10 min. The web page has built-in
functionality to gather the total user CPU used in seconds. User CPU usage
relates to the CPU used when clients send requests. This means the total user
CPU used in seconds could be gathered after running the locust load testing
tool.

4.4 User survey

A user survey was conducted to gain insight into the effects the streamed
server content could have on the user experience. The survey was posted in
a tech-related channel and 24 people responded. The survey instructed the
users to navigate to both web pages, hard refresh them 5 times each, and then
answer some questions. Hard refresh refers to reloading the page completely,
meaning that any cached or stored page version is ignored. The questions in the
survey was divided into several experience questions and several demographic
questions.

4.4.1 The questionnaire

In this section, the questionnaire used in the survey is provided. Web page 1
had streaming SSR while web page 2 had standard SSR.

Thank you so much for joining us on this exciting quest! Your mission,
should you choose to accept it, involves a journey to not one, but two
magical versions of the same digital realm. Yes, you heard that right! In
this test, you will be directed to visit two versions of the same web page.
On each web page, you will be asked to "Hard Refresh” the pages 5 times,
before returning to this survey to answer some questions. Your responses
will remain anonymous and be used solely for the purpose of this study.

Are You Ready?

Begin by navigating to Web page 1 and refreshing it 5 times. Link
Web page 1: (Link) Done already?! Then navigate to Web page 2 Link
Web page 2: (Link) If you have reached this point Good Job!

Go down to answer some questions

1. Statement: The page loaded fast

* Web page 1: (Scale: 1-5, 1 = strongly disagree and 5 =
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strongly agree)
* Web page 2: (Scale: 1-5, 1 = strongly disagree and 5 =
strongly agree)

2. Did you notice any visual differences between the two versions
while they were loading?

3. How would you describe the responsiveness of the website for
each version? Consider how quickly the website responded to your
interactions.

* Web page 1: (Scale: 1-5, 1
strongly agree)

* Web page 2: (Scale: 1-5, 1
strongly agree)

strongly disagree and 5

strongly disagree and 5

4. Was there any noticeable delay in the loading of images or other
media content for each version?

* Web page 1: (Scale: 1-5, 1
strongly agree)

* Web page 2: (Scale: 1-5, 1
strongly agree)

strongly disagree and 5 =

strongly disagree and 5 =

5. Overall, how satisfied were you with the experience of using each
version of the website?

* Web page 1: (Scale: 1-5, 1 = not satisfied, 5 = very satisfied)
* Web page 2: (Scale: 1-5, 1 = not satisfied, 5 = very satisfied)

6. Based on your experience, which version of the website do you
prefer, and why?

7. Do you have any suggestions for improvements for either version of
the website?
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8. Which department do you work at?

9. How would you rate your familiarity with web technologies?
* (Scale: 1-5, 1 being beginner and 5 being expert)

10. What is your primary browser for accessing the web? (Multiple
choice)
* Chrome
* Firefox
* Safari
* Edge
Other:

4.4.2 Experience questions

The experience questions focused on gaining insight into how the user
perceived the web page. Most experience questions were choices the user
picked from 1 - 5 for each web page depending on how much they disagree
or agree with the question/statement. Questions in this format aimed to
get insight into the user’s perceived load time, responsiveness, and overall
satisfaction of each web page. The experience questions also included some
open-ended questions where the users could give some written comments.

4.4.3 Demographic questions

The demographic questions were used to gather, what department the users
worked at, familiarity with web technologies, and what internet browser they
mainly used. The survey was published in a tech-related channel.
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Chapter 5

Results and Analysis

Two React web applications using isomorphic rendering were implemented.
One of the applications supported streaming server-side rendering while the
other had standard SSR. Two tests were done on each web application. In both
instances lighthouse was run to gather the page load metrics, the difference was
that the second test sent two users to the webpage using locust while lighthouse
was running. The first test ran lighthouse without extra users from locust. The
first test will be referred to as ’1ighthouse—-load-only”, while test two
will be referred to as "extra—-load”.

5.1 Page load metrics

Lighthouse was run 100 times on each test and each run was saved as a JSON
file. A Python script was used, and the average of each metric was gathered
and put into a table. Table 5.1 shows the lighthouse testing on the webpages
with 1ighthouse—-load-only.
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Table 5.1: Lighthouse Performance Metrics for streaming SSR and standard
SSR (1ighthouse-load-only)

Metric standard SSR  streaming SSR
First Contentful Paint (s) 2.114 2.129
Speed Index (s) 4.730 4.855
Largest Contentful Paint (s) 2.134 2.150
Time to Interactive (s) 12.517 12.185
Total Block Time (s) 1.080 0.666
Time to First Byte (s) 0.426 0.280
Cumulative Layout Shifts (units) 0.0008 0.0113

Table 5.2 shows the lighthouse testing on the webpages with ext ra-load.

Table 5.2: Lighthouse Performance Metrics for streaming SSR and standard
SSR (extra-load)

Metric standard SSR  streaming SSR
First Contentful Paint (s) 1.571 1.457
Speed Index (s) 4.743 5.364
Largest Contentful Paint (s) 1.580 1.478
Time to Interactive (s) 12.727 14.222
Total Block Time (s) 0.953 0.557
Time to First Byte (s) 0.665 0.473
Cumulative Layout Shifts (units) 0.001 0.0018

To test if the data was normally distributed or not, a Shapiro-Wilk
normality test was done [57]. The Shapiro-Wilk tests whether the null
hypothesis of a data set came from a normal distribution. The test will return a
p-value and if the p-value is larger than the chosen significance value, the null
hypothesis is not rejected. If the p-value is smaller than the chosen significance
value, the null hypothesis is instead rejected. The chosen significance level for
this test was 0.05.

The results for 1ighthouse-load-only show that it is likely that
almost all of the data deviates from the normal distribution. In table 5.3, all
metrics have a p-value lower than 0.05 except the speed index for standard SSR
with a 0.297 p-value. The results for ext ra—1oad shows that it is likely that
all of the data deviates from the normal distribution. In table 5.4, all metrics
have a p-value lower than 0.05.
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Table 5.3: Shapiro-wilk normality test (Lighthouse—-load-only)

Metric P-value for streaming SSR  P-value for standard SSR
First Contentful Paint > 0.05 > 0.05
Speed Index > 0.05 0.297
Largest Contentful Paint > 0.05 > 0.05
Time to Interactive > 0.05 > 0.05
Total Block Time > 0.05 > 0.05
Time to First Byte > 0.05 > 0.05
Cumulative Layout Shifts > 0.05 > 0.05

Table 5.4: Shapiro-wilk normality test (extra-load)

Metric P-value for streaming SSR  P-value for standard SSR
First Contentful Paint > 0.05 > 0.05
Speed Index > 0.05 > 0.05
Largest Contentful Paint > 0.05 > 0.05
Time to Interactive > 0.05 > 0.05
Total Block Time > 0.05 > 0.05
Time to First Byte > 0.05 > 0.05
Cumulative Layout Shifts > 0.05 > 0.05

Most of the values deviate from a normal distribution, which made a
Mann-Whitney U test fitting to measure the statistical significance value of
each metric. Mann-Whitney U test is a non-parametric test that compares
the median of two independent data samples [58]. Non-parametric means
that the data compared is assumed to have no underlying distribution. The
null hypothesis is that there is no statistical difference in the median of the
two groups compared and the chosen significance level was 0.05. Table 5.5
and 5.6 show the results for the Mann-whitney U test. The Mann-whitney
U test shows that almost all of the metrics had a p-value lower than 0.05
and can reject the null hypothesis showing that they are statistically different.
However, First Contentful Paint (FCP) and Largest Contentful Paint (LCP)
in the 1ighthouse—-load-only test and Time to Interactive (TTI) in
the extra—-1load test had a p-value larger than 0.05 meaning that the null
hypothesis could not be rejected.
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Table 5.5: Mann-whitney U test (1ighthouse-1load-only)

Metric P-value
First Contentful Paint 0.810
Speed Index <0.05
Largest Contentful Paint 0.825
Time to Interactive < 0.05
Total Block Time < 0.05
Time to First Byte < 0.05
Cumulative Layout Shifts < 0.05

Table 5.6: Mann-whitney U test (extra—load)

Metric P-value
First Contentful Paint <0.05
Speed Index < 0.05
Largest Contentful Paint < 0.05
Time to Interactive 0.075
Total Block Time < 0.05
Time to First Byte < 0.05
Cumulative Layout Shifts < 0.05

Metric lighthouse-load-only | extra—load Table 5.2
Table 5.1
First Contentful | There was no | Streaming SSR was 7% faster.
Paint (FCP) difference in FCP  for | FCP is statistically significant
lighthouse—-load-only.| in this test
Further  strengthened by
the Mann-whitney U test
not showing a statistical
difference
Speed Index Streaming SSR was 3% faster. | Standard SSR was 12% faster.
Speed Index is statistically | Speed Index is statistically
significant in this test. significant in this test
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Largest Content-
ful Paint (LCP)

The results for LCP were the
same for both streaming SSR
and standard SSR. Further
strengthened by the Mann-
whitney U test not showing a
statistical difference

Streaming SSR was 6% faster.
LCP is statistically significant
in this test

Time to Interac-
tive (TTI)

Streaming SSR was 3% faster.
TTI is statistically significant
in this test.

Standard SSR was 11% faster.
According to 5.6 there is
no statistical difference which
is strange considering the big
time difference.

Total Block Time
(TBT)

Streaming SSR was 38%
faster. TBT is statistically
significant in this test

Streaming SSR  was 42%
faster. TBT is statistically
significant in this test

Time to First Byte
(TTFB)

Streaming SSR was 34%
faster. TTFB is statistically
significant in this test

Streaming SSR was 29%
faster TTFB is statistically
significant in this test

Cumulative Lay-
out Shifts (CLS)

Standard SSR got a better
score. CLS is statistically
significant in this test

Standard SSR got a better
score. CLS is statistically
significant in this test

Table 5.7: Overview of Table 5.1 and Table 5.2

5.2 Server load

The load testing tool locust sent traffic to the web pages. Locust was configured
to have 4 simultaneous users at a spawn rate of 4 started/second. The time
to run was set to 10 min. The load test was run 5 times on each webpage.
Table 5.8 shows the total CPU used by users in seconds for each locust run.

Table 5.8: Total CPU used by users in seconds after each locust run

Method  standard SSR  streaming SSR
Run 1 (s) 651.590 664.656
Run 2 (s) 634.772 654.471
Run 3 (s) 639.772 647.485
Run 4 (s) 633.521 647.882
Run 5 (s) 636.207 646.806
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standard SSR has a slightly lower server load compared to streaming SSR.
The sum of the total CPU used by users in seconds for streaming SSR across
all runs adds up to 3261.697. Streamin-disabled adds up to 3195.862. If the
streaming SSR result is divided with the standard SSR result:

3261.697

3195.862
The quotient is that streaming SSR has a 2% increase in user CPU usage
compared to standard SSR.

1.02 (5.1)

5.2.1 Example run

The graphs shown in 5.2 and 5.1 shows the graphs for total CPU used by
users per second for run 1. The Y-axis displays the total CPU used by users
per second, while the X-axis displays the time. The difference displayed in
table 5.8 was calculated by getting the value before and after the increase in
traffic that can be noticed in the graphs.

[ - S 2020007084206 x [l | res [ snow exempes |

Figure 5.1: CPU load on the web page with streaming SSR run 1

Figure 5.2: CPU load on the web page with standard SSR run 1

Figure 5.3 and 5.4 shows the locust dashboard for the 4 users sending
traffic during 10 min.
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Figure 5.3: Locust sending traffic for 4 users (streaming SSR)
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Figure 5.4: Locust sending traffic for 4 users (standard SSR)

5.3 Survey results

5.3.1 Participants

24 users answered the questionnaire. All the respondents were in the
Department of Engineering/IT and most were familiar with web technologies.
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In the question "How would you rate your familiarity with web technologies?”
on a scale from 1 - 5 where 1 is beginner and 5 is expert, the average was 3.67.
The main web browser used was Google Chrome which can be observed in
table 5.9.

Table 5.9: What is your primary browser for accessing the web?

Browser count

Chrome 21
Firefox 3

5.3.2 Experience questions answers

The answers to the experience questions show that the users preferred standard
SSR to streaming SSR. In table 5.10 it can be observed that the users perceived
the standard SSR to be faster, more responsive, reduced delay, and more
satisfactory.

Table 5.10: Survey average of questions/statements where user rate from 1 -
5 (Rephrased into a statement for better presentation. 1 is disagree and 35 is
agree)

Statement streaming SSR  standard SSR
Page loaded fast 3.21 3.96
The page was responsive 3.54 3.92
There was a delay in loading media 2.5 2.16
The page made you satisfied 3.46 3.75

The reason for standard SSR being preferred points towards the spinners
being perceived as slow combined with the increased flashing, blinking,
and layout shift the spinners introduce. The spinners refer to the spinning
objects that exist in image 4.1. Table 5.12 asked the question ”"Based on your
experience, which version of the website do you prefer, and why?”. 6 people
preferred the standard SSR due to no spinners while 5 preferred it due to less
blinking and layout shifts. Several of the answers mention that the spinner
made it feel slower. One participant wrote:

"The multiple spinners provide a feeling of slowness, even though
the initial response time might have been quicker for the spinner
version (I didn’t notice any difference personally)”.
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14 people out of 24 preferred standard SSR.

The question "Which visual difference did you observe?” also favored Web
page 2. According to table 5.11, 5 users said that streaming SSR was slower
and 3 users said that standard SSR had less flashing/blinking. One participant
wrote:

”Spinners and more blinking on web page number 1 which was

not nice at all. I preferred web page 2 because of this.”

Table 5.11: Which visual difference did you observe? (Summary of most
common answers)

Answer count

Spinner on streaming SSR 6
Data loaded separately

streaming SSR slower

standard SSR less flashing/blinking
None

oo W W

Table 5.12: Based on your experience, which version of the website do you
prefer, and why? (Summary of most common answers)

Answer count
streaming SSR (any reason) 2
standard SSR (any reason) 14
standard SSR because no spinners 6
standard SSR because of less blinking or layout shifts 5
No preference 7

In table 5.13 it can be observed that some users suggested that the spinners
should be replaced with a loading skeleton. One of the participants wrote:

”"Removing the spinners and having more tailored skeleton
loaders would probably remove the feeling of slowness”.

One other answer says

"The most impactful difference was the shifting layout, I would
rather wait for a little more than have what feels like a half-done
page render”.
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More answers were submitted, however none of them suggested improvements
related to server-side streaming/streamed data.

Table 5.13: Do you have any suggestions for improvements for either version
of the website (Summary of most common answers)

Answer count
Add loading skeleton instead of spinners 2
Rather wait a little more than a half-done page render |
Improvements unrelated to streaming/streamed data 10

None 7




Discussion |45

Chapter 6

Discussion

6.1 RQ1: How does streaming Server-side
render (SSR) influence page performance?

The results show that streaming SSR can have a significant impact on the page
load metrics, both positive and negative. The biggest positive contributor
comes from Total Blocking Time (TBT) and Time to First Byte (TTFB)
which was hypothesized. Table 5.7 shows that TBT was on average 40%
faster for streaming SSR while TTFB was on average 32% faster. TBT and
TTFB performed better in both tests which is a clear indication that streaming
SSR has a faster TBT and TTFB compared to standard SSR. As mentioned
by Aleksi Huotala et al [7] or Beke [15] one of the drawbacks of SSR or
Isomorphic rendering is the increased TTFB. This means that streaming SSR
could mitigate the problem that SSR and isomorphic rendering have with slow
TTFB.

Vogel and Springer pointed out that streaming could lead to potential
benefits and improvements in First Contentful Paint (FCP) [11]. 5.7 shows
that the FCP for streaming SSR is 7% faster in the test extra—-1load,
however, the result for 1ighthouse—-load-only was the same. One
of the primary advantages of SSR over Client-Side Rendering (CSR) is the
faster FCP [13, 14, 10]. The results indicate that streaming SSR could further
improve FCP.

However, streaming SSR showed worse results in terms of TTI and speed
index when the server load increased. In the extra—load tests, standard
SSR was 11% faster for TTI and 12% faster for Speed Index. This could lead
to problems due to SSR not being able to handle the load very well. Multiple
studies mention that SSR can lead to higher server load [22, 35].
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The Cumulative Layout Shift score was worse for streaming SSR in both
tests. However, this is likely related to the different heights of the fallback and
streamed data mentioned in 4.1.1. Similar to some of the complexity problems
introduced in isomorphic rendering applications [38, 7, 19], streaming SSR
can increase complexity. The result of the metrics for streaming SSR depends
a lot on the implementation of the web page and what parts are wrapped
in Suspense. This means that using streaming requires more thought and
planning. In that regard, standard SSR is a more simple approach.

6.2 RQ2: What are the server load implica-
tions with streaming SSR compared to
standard SSR?

The results show that streaming SSR had a 2% increase in CPU usage.
This result is not a large difference however it still affects the server. The
case study by Virynen shows that SSR does not handle the heavy load well
[22, 35]. This means that a small increase in server load which streaming
SSR can contribute to, is worth taking into consideration when creating web
applications. An increase in server load could also have a significant economic
and environmental impact when multiple data center is used [27].

The economic cost will increase when using streaming SSR which directly
affects goal 9 [59]. This is the result of the server CPU usage being increased
which leads to more energy consumption and the need for more hardware. The
environmental goal 13 is directly affected by an increase in CPU usage [60].
More CPU usage means more energy consumption which leads to more CO,
emission.

6.3 RQ3: How does the streaming SSR
affect user experience in terms of page
load speed, stability, and responsive-
ness?

The survey results had some interesting findings. The initial hypothesis for
the survey was that the user would notice the faster initial server response
Time to First Byte (TTFB) and think that web page 1 (streaming SSR) was
faster. However, the opposite happened. The users perceived the web page
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1 (streaming SSR) as slow. The reason for this is the spinners that make the
users perceive the web page as slow, regardless of whether the page is slower
according to the metrics. This is similar to the study ”Server-Side Rendering in
React: When Does It Become Beneficial to Your Web Program?” where Lyxell
compared SSR to CSR and found that the application with SSR rendered faster
[6]. However, the user experience showed no major difference. This shows the
importance of evaluating the user experience beyond just performance metrics.

The other finding was that the users thought that web page 1 (streaming
SSR) had a lot of blinking and layout shifts. This aligns with the insight
from Aleksi Huotala et al. highlighting that one of the benefits of SSR is the
improved user experience associated with the removed loading spinners and
blank-page flickering [7]. Streaming SSR reintroduces this problem because
of the fallbacks in Suspense. When data streams in, rapid retrieval of actual
data results in the fallback being displayed only momentarily. This results in
the page blinking which is not a good user experience.

Another problem is the fact that there are multiple ways to use the fallback
function in Suspense. Some users suggested that the spinner be replaced with
a loading skeleton, a suggestion supported by a study conducted by Mejtoft et
al. In their research, they compared the effectiveness of a loading spinner to
a loading skeleton and found that the loading skeleton got a higher score in
both perceived speed and ease of navigation [61]. Another study by Samantha
Persson studied five different loading animations and found that the animations
designed to distract the users and loading skeletons were rated as the fastest
[62]. Figure 6.1 shows some loading skeletons.

Figure 6.1: Image showing several loading skeletons

A loading skeleton could improve both the perceived loading speed and
reduce blinking. Another idea could be to only use streaming when the server
is fetching data for over one second or only show the spinner after waiting
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for some time. Many things could be explored, however, that fall outside the
scope of this thesis work.

Another part that might have affected the user survey unfairly is that the
user was told to refresh the page hard 5 times. The web page with standard
SSR stayed consistent throughout the five reloads which appeared to be fast.
However, the website with streaming enabled shows the loading spinner each
time the page is refreshed. This resulted in a noticeable difference when
reloading thus making it perceived as more slow.

The experiment showed a clear user preference for standard SSR and the
users thought it was faster, more stable, and more responsive. However, the
reason for this preference cannot be linked to the lack of streaming capabilities.
Instead, the loading spinners in streaming SSR led to the website being
perceived as slow. Further work should evaluate what the optimal suspense
fallback is. Secondly, the user survey task, which involved the user hard-
refreshing each web page 5 times, could also have given an unfair advantage
to standard SSR. Further research should create alternative tasks to mitigate
such problems.

6.4 Limitations

A significant limitation of this thesis work is that all Lighthouse tests and the
server load were conducted on a single computer. Table 3.1 shows the specs of
the computer used in this experiment and the specs directly affect the results of
the page metrics. If another computer with different specs was used or if cloud
computing was used, the results of the page metrics could be different. With
the increased computing capacity, the tool locust could have used more users.
In the experiment, the locust users were set to two in the page performance
test and four in the server load test. Adding more computing capacity would
enable more users to be simulated, thereby improving the simulation to better
reflect a real-world web application load scenario.

Another limitation is the big code base of the existing application. This
experiment modified an existing web page to enable steaming. The existing
codebase may impact the page metrics, potentially influencing the outcome of
this experiment.

The task design and the fallback methods in suspense used in this thesis for
the user survey had limitations. The primary focus of the thesis was on page
performance, resulting in insufficient consideration put into crafting a fair task
that considered both the streaming SSR and standard SSR. This also applies
to the fallback in suspense, only one fallback was used in this thesis.
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Another thing that could be improved is to increase the number of
participants in the user survey and also extend it outside of just one company.
This work was limited to people in the technical department at one company,
however, further work could include more people with different technical
backgrounds.
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Chapter 7

Conclusions and Future work

7.1 Conclusions

This thesis explored the effect streaming Server-Side Rendering (SSR) could
have on page performance, server load, and user experience. The results show
promising page performance for streaming SSR. The biggest improvements
were observed in Total Blocking Time (TBT) and Time to First Byte (TTFB).
Streaming SSR was 40% faster TBT and 32% faster TTFB compared to
standard SSR on average in all tests. The Server load was also measured and
streaming SSR showed a 2% increase in server load.

The user survey showed a clear preference for the web page with
standard SSR. However, this preference was not connected to the streaming
functionality. The reason was other factors, such as the loading spinners and
the task design which affected the user experience. The complexity of using
fallbacks in streamed content makes it hard to assess the impact that streaming
had on the user experience. Figure 7.1 shows an overview of the findings.
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Aspect Preference Reason
Page performance | Streaming SSR TBT and TTFB
show clear

improvements in
all the tests. TBT
was 32% faster
while TTFB was
40% faster.
Server load Standard SSR Server load was
2% larger in
streaming SSR
User experience | Standard SSR Users percieved
standard SSR to
be faster, have
less blinking and
better overall

Table 7.1: Overview of findings

7.2 Future work

This thesis finds that streaming SSR shows potential and there are areas that
future work could explore.

7.2.1 Different placeholder

Future research should look into the optimal way to display fallbacks while
content is being loaded. The users in the user survey pointed out that streaming
Server-Side Render (SSR) seemed slow due to the fallback spinners. Future
work could research what fallback provides the best user experience in terms of
speed, stability, and responsiveness. Some users suggested a loading skeleton
instead of spinners which could be a starting point.

7.2.2 Better task design

Future research has an opportunity to improve the task design to address the
limits of this thesis. The user survey in this thesis contained a task that unfairly
favoured standard SSR, resulting in skewed results. Future studies can design
a task that does not favor any specific website to get a more neutral perspective
on user experience.
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7.2.3 Different computer and different code base

Future research could redo this test with different computer specs or a different
code base. The limitation sections 6.4 mention that the limitations of this
thesis are the specs of the computer used and the existing code base. A similar
experiment should be conducted to ensure that the computer specs and the
code base do not affect the results of the experiment. An experiment where
the computer specs and code base are different from this experiment.

7.3 Reflections

This work mainly affects the environmental and economic aspects.

7.3.1 Economical

This thesis contributes to the sustainable development goal 9: Industry,
Innovation, and Infrastructure [59]. The thesis brings up the effect each
rendering method has on the page load, server load, and user experience. This
gives the industry the knowledge needed to choose the right rendering method
for the right purpose.

7.3.2 Environmental

This thesis contributes to the sustainable development goal 13: Climate action
[60]. As discussed in section 6.2, an increase in CPU usage directly affects
the energy consumption CO, emission. This thesis provides research and the
knowledge needed for the industry to choose the most energy-eflicient solution,
thus contributing to the mitigation of climate change.
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