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Abstract

In recent years the technology of web application development has im-
proved a lot and JavaScript frameworks such as React and Angular have
increased in popularity. These frameworks use client-side rendering and
have led to the rendering method’s increase in popularity compared to its
previous conqueror; server-side rendering. Server-side rendering, how-
ever, is still a viable option in certain cases. For instance, it provides
improved performance on computers depending on the hardware spec-
ification and search engine optimization. This thesis is an experimen-
tal study that aims to present knowledge regarding the rendering meth-
ods’ benefits and drawbacks. The study also presents when server-side
rendering becomes beneficial to your web program compared to client-
side rendering. The thesis also includes another rendering method using
client-side rendering but with a configuration called virtualized.

In this study, two identical web applications containing a grid were built.
The rendering method using the server side was on one application and
the rendering methods using the client side were on the other applica-
tion. The evaluation metrics of the rendering methods were the time to
render the grid and how good of a user experience they provided. The
results show that virtualized offers a faster rendering time and better
user experience, especially at larger grids. Server-side rendering was
faster than client-side rendering at all grid sizes and they had a similar
user experience.

Overall, this thesis suggests using virtualized when suited. Regarding
server-side rendering, this thesis recommends using it carefully since
it requires complex implementation and maintenance along with higher
costs. Therefore, it comes down to the requirements of the application
and if it is worth the complex implementation, cost, and maintenance.
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1 Introduction

Rendering is the process of generating an image by a computer, possibly within a web appli-
cation. In the early stages of the World Wide Web (WWW), around the year 2000, websites
also got rendered using server-side rendering [15, 30]. The evolution of web development
can be explained with some website history. From the 90s to the early 00s, the internet
consisted of what is referred to as Web 1.0. Web 1.0 was the early stages of websites that
more or less looked like posters with close to no interactivity. Websites back then were
limited to read-only and the user was not able to communicate any information back to the
site. Then came Web 2.0 which still exists but has been further developed. Web 2.0’s prime
was between 2000 and 2010 and is referred to as the Social Web or read-write web. This
era made it possible for the user to interact more and some famous websites started to take
off. Facebook, YouTube, and Twitter are a few examples of those. We are currently in the
era of Web 3.0, also referred to as the Semantic Web or the read-write-execute Web. This
era introduced us to Al and Machine Learning. Computers started to understand us and our
needs. A good example of this is Apple’s Siri or Amazon’s Alexa [14].

Back to the difference between server-side rendering then and now. The main difference
is interactivity. In Web 1.0 or the read-only era, the websites were static which means that
they could be rendered on the server to later be displayed. Nowadays, the interactivity of
websites adds a layer of complexity. The interactivity has to be added after the static website
is rendered on the server. This gets explained more thoroughly later.

The difference between a client and a server is that the client is a computer or another
device that runs a program and can request services from a server. A server is instead a
computer that completes the requests it gets from the client. Client-side rendering is the
rendering process where the client does the entire process. In server-side rendering, instead,
the server processes HTML files to later send a pre-rendered HTML file which means that
the file is ready to be displayed. The issue is a long waiting period to initially render a so-
called hyper grid. A hyper grid is a spreadsheet full of data. It takes a long time because it
currently renders every single cell individually and each cell contains data such as a value,
an icon, or a color. The data mentioned are often combined. To prevent leaking sensitive
information, the data is simulated data residing in the server. This thesis’s purpose is to
compare server-side rendering against client-side rendering and to determine under which
circumstances it would be beneficial to choose server-side rendering over traditional client-
side rendering. This project was done in React which is a popular open-source library in the
programming language JavaScript. If React does not get any further instructions it renders
programs with client-side rendering.
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1.1 twoday INSIKT

This thesis was done in collaboration with twoday INSIKT. The company twoday started
in 2003 and develops several products. Their largest one is called INSIKT and focuses on
decision support with mainly business organizations as their target group. Exploring server-
side rendering as a potential rendering option for INSIKT could make it much more time
efficient [13].

1.2 Terminology

This section contains a brief clarification of terms that appear in this thesis.

* SSR - Server-Side Rendering

* CSR - Client-Side Rendering

e HTTP - Hypertext Transfer Protocol
* SPA - Single Page Application

* FP - First Paint

* FCP - First Contentful Paint

e LCP - Largest Contentful Paint

e TTI - Time To Interactive

* SEO - Search Engine Optimization
* URL - Uniform Resource Locator

e CLS - Cumulative Layout Shift

* FID - First Input Delay

* CDN - Content Delivery Network

* RAM - Random Access Memory

* OS - Operating System

* CPU - Central Processing Unit

* GPU - Graphics Processing Unit

* HTML - Hypertext Markup Language
* CSS - Cascading Style Sheets

* JS - JavaScript

e UI - User Interface
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2 Objectives

This section of the thesis states the current problem and a more detailed description of what
problems this thesis tries to solve. It also presents the goals and the purpose of the thesis.

2.1 Problem Statement

The concerns that rendering a grid could bring are first and foremost that JS is a slow one-
threaded language. Secondly, the data in a hyper grid mentioned in Chapter 1 is rendered
in a sub-optimal way since every cell is rendered individually instead of all at once. The
difference is that when rendering all at once you can visually see the grid faster since it
renders the grid and then the cells’ data. Rendering a large grid in this way can be very
challenging for a program if the program is not optimized for it. The waiting period can
lead the users to believe that the program is not working properly or just be frustrating. The
objectives that the thesis attempt to determine are as follows:

* To determine the thresholds when the server-side rendering (SSR) in React becomes
beneficial when rendering a grid compared to client-side rendering (CSR) from a time
performance and user experience point of view.

* To determine if virtualized could optimize rendering a lot of elements in a grid. If the
method is successful, determine the threshold.

To solve this issue an experiment is to be held to determine where the thresholds are and
what method you should use in different scenarios. By comparing CSR to SSR in different
circumstances the performance can be measured by the time it takes to render and the quality
of user experience. The time aspect was measured through React developer tools which
is a browser add-on to measure performance. The user experience performance results
were collected from colleagues doing simple tasks while answering questions. A greater
introduction to where the results came from can be read in Chapter 4. The circumstances
could for instance be the number of cells and data included in the cells.

2.2 Goals
This thesis aims to answer when and where to use SSR and when SSR becomes a beneficial
method to consider when building a website and how twoday can take advantage of this.

The primary purpose of the thesis is to examine where SSR compared to CSR generates a
positive value in the form of a time performance increase that was measured via recording
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the sequence in combination with the user experience. More specifically in the circum-
stances when it is considered beneficial to use this technology. The threshold determines
this. Are there other techniques that could be applied as a complement when neither SSR
nor CSR meets the expected value? This could, for example, be to use a technique called
virtualized in a grid. Virtualized is a downloadable package in the React library and what
it does is that the grid only renders the visible cells. For example, the grid maybe is five
hundred times one hundred cells but only two hundred are visible. Instead of loading all
the fifty thousand cells virtualized only loads the visible two hundred. The primary purpose
remains a comparison between SSR and CSR.
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3 Background

This chapter contains a theoretical study to provide a better understanding of the technology
leading up to the tests and results of this thesis. The theoretical study includes knowledge
regarding HTTP, ReactJS, CSR, and different approaches to implementing SSR.

3.1 HTTP

HTTP (Hypertext Transfer Protocol) is the foundation of the Internet and the World Wide
Web. Its primary function is to enable the loading of webpages by using hypertext links. It
operates as an application layer protocol that exchanges data between networked devices. It
is built on top of other layers in the network protocol. To load a webpage, a client initiates a
request to a server, the server makes a response with a message. Different parts of requests
can be URLs, HTTP methods, HTTP request headers, or an HTTP body. URL is where the
browser is requesting a website and gets an HTML file as a response which is then typically
rendered on the browser. An HTTP method is the action of a typical queried server. A re-
quest for an action to the server, actions like GET and POST. The HTTP method GET is the
request that gets the user data often in the form of a website. The other request mentioned
is used among other areas when submitting a username and password. Request headers dif-
ferentiate themselves from HTTP methods in the context that the request header provides
valuable information. Examples of what information gets provided are what browser is in
use and what data is requested. An HTTP request body is what the request contains which
can be any information submitted in a form and in this example would be combined with a
POST method. [16].

Request Headers
rauthority: www.google.com
:method: GET
:path: /
:scheme: https
accept: text/html
accept-encoding: gzip, deflate, br
accept-language: en-US,en;g=0.9
upgrade-insecure-requests: 1
user-agent: Mozilla/5.0

Figure 1: Example of a request header [16]

The response to the request is built from three different parts. It is built upon a status code,
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a response header, and an optional body. The status code is a description of how the request
got handled. For example, a status code of 200 is successful while a status code of 400 is
a client error. A code of 500 signals an internal server error that prevents the server from
fulfilling the request. The response header is much like the request header in the sense that
it contains vital information. In a response header, the information can be the format and
language of the data being sent in the body. In a request, the body is responsible for sending
data, and in a request for receiving data.

3.2 React]JS

React is an open-source library in the programming language JS. It was developed by Face-
book and was used to create Instagram.com among other websites. After Facebook had
been blowing up they wanted their users to have a richer user experience. They were look-
ing for a dynamic and more responsive user interface while still being fast and having a high
performance. Jordan Walke created React for this purpose which led to Facebook using this
creation for their newsfeed [18, 32].

Reacts popularity lies mainly in that it is component based. It can be explained as a tree
structure, the root is the application whilst the branches are components. Components can
be built of other components until it reaches HTML code. The components can be reused
several times which makes coding smooth and the program has fewer lines of code. Com-
ponents can also be compared to Lego blocks in the sense that they together form a structure
which is the application itself. A Lego structure could contain several 4x2 and an applica-
tion can contain several button components.

1 class HelloMessage extends React.Component {

2 render () {

3 return <div>Hello {this.props.name}</div>;
4 }

5 }

6

7 root.render (<HelloMessage name="Oskar" />);

Figure 2: This is a react component [8]

Usually, a normal website requests the URL the user typed in the browser and the browser
receives it and renders it. This is repeated every time the URL changes. React, instead,
can be built as a SPA (single-page application). This solution loads an HTML file at the
first request. When an update is requested it gets updated by JS instead of requesting a
new URL. This method eliminates the process of going back and forth between the browser
requesting a new URL and receiving a new HTML file to render [18].
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3.3 Client-Side Rendering

Rendering client-side means that all processes are rendered directly in the browser using JS.
That includes all the logic, data fetching, routing, and templating. Therefore, when referring
to the client side that is what is meant [31, 30]. Rendering on the client can perform well if
the work is minimal. This is how CSR work. CSR has become very popular on single-page
applications and there is a reason for that. The reason is that only one request for a single
HTML file is made from the computer, phone, or tablet that the user is using. After that
initial request, the server is excluded. That is where the term single-page application comes
from which has an abbreviation that is SPA [27]. Now, that the server is excluded, all the
re-renders are handled in the browser. The client does not have to request a new HTML
file for each re-render anymore. If the HTML file is small the loading time of the page
goes unnoticed. If, on the other hand, the HTML file is rather large, then there would be an

increase in the initial loading time.
i

[ FP ] FCP
- eET / —Ff
|—’ GET /bundle.js —]
Network
JavaScript

‘render(app) -.

Figure 3: The stages of client-side rendering [3]

Figure 3 describes what is happening well. The first "GET” in the picture is the machine
requesting the HTML file. The second "GET” is the server building together the entire
application. After that JS handles the rendering with “render(app)”. The image also contains
three abbreviations in the form of FP (First Paint), FCP (First Contentful Paint), and TTI
(Time To Interactive). FP is when the page has started drawing the image. However, this
is rarely noticed since it is the moment any pixel becomes visible to the user. FCP is much
more noticeable. FCP is when the content of the page requested gets visible. Lastly, there
is TTL TTI is exactly what it sounds like, the time until the user can interact with the
page [31]. As of this thesis and these experiments, FCP was the endpoint of measure. The
reason behind it is that a grid or a spreadsheet is not something that needs interactions right
away as soon as it becomes visible. Compare a spreadsheet or a grid where the main purpose
is to analyze numbers that are organized to a map application such as Google Maps. The
user rarely wants to open Google Maps to see their current location, it is used as a navigation
tool and therefore they want to interact with their desired location as fast as possible.

A negative characteristic of CSR is that it is not great for SEO (Search Engine Optimization)
and means the chances your website shows up when searching in different search engines
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such as Google, Bing, or DuckDuckGo [19, 30, 32, 25]. One of the reasons that CSR has a
bad SEO is that search engine bots have to render JS which is far from optimal for a search
engine. When the bots render JS, the crawl budget number decreases [4, 32]. The crawl
budget is the number of pages a search engine can crawl in a particular window of time [5].
It can be referred to as the search speed.

3.4 Server-Side Rendering

This section describes in detail the steps of SSR. It also touches on the benefits and draw-
backs of the rendering method.

3.4.1 How It Works

The process of SSR starts with an HTTP request to the server. The HTTP request is gener-
ated when the user enters the URL in the browser or clicks the link to the website. When the
request is established, the server fetches the required data from the database or third-party
APIs. It is after this step that SSR is activated. It has come to the server-side pre-rendering
which means that the server compiles the JavaScript into a static HTML file. A static HTML
file means that all the static components are rendered, therefore, no forms, toggles, and so on
are rendered. That comes at a later stage. Now, when the static HTML file is rendered, the
client downloads this file to display it. Lastly, a step called hydration is performed. Hydra-
tion is a term used in the context of SSR to describe the process of taking the static HTML
file and adding interactivity to it on the client side. The client does this by downloading all
the JavaScript files that are embedded into the HTML file [20].

Server Sending Ready Browser Renders the
Browser Page Now
to be rendered HTML Page,Now viewable,and axecll;fess;aam ingfma?ﬂe
Response to Browser Browser Downloads JS
- o e— ° o TN _ AT
= . —
LUADING — — —
— = — . — .
(R N— (R — o

Figure 4: The stages of SSR from a browser’s perspective [20]

Figure 4 is an illustration of how SSR works from the browser’s point of view and starts
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with the browser getting a response from the server.

3.4.2 Benefits and drawbacks

Compared to CSR, SSR has search engine optimization which makes websites with SSR
implemented rank higher in for example Google searches. This is because engine bots have
no trouble crawling static HTML files. However, the engine bots still tend to have problems
with JavaScript. Since SSR pre-renders the content the initial page load is faster. This is,
however, not always the case. It can depend on the cache, first-time visitors can experience
a faster loading time but when a previous visitor tries to access the site, the results can vary.
SSR also has a faster LCP. LCP is an abbreviation for “Largest Contentful Paint” and is
the term used for describing the time it takes to display the largest content on the site. It
could be an image or text block for example. If the largest content is static, then, SSR has
an advantage since it renders that on the server instead of the browser. SSR often provides
a lower CLS (Cumulative Layout Shift). CLS is used to track the number of changes the
content does in the form of dimensions and positions. This is lower in SSR since it is done
on the server. If it were to be done in the browser, the browser would have to go through
every step of the rendering process which often generates more changes. Both CLS and
LCP are something called Core Web Vitals scores which is a form of a score that Google
measures in their search ranking algorithm [20].

Now, when a lot of benefits have been established, some drawbacks are mentioned. Im-
plementation of SSR leads to increased complexity in your program. This does not have
to be a negative point but whether it is worth the effort. As mentioned earlier, Google has
metrics in their search ranking algorithm called Core Web Vitals. Those are a total of three
metrics and two have been mentioned thus far. The third metric is FID (First Input Delay).
FID is the time it takes from when the static HTML file is ready to be displayed until the
JavaScript embedded in the HTML has been rendered. Or to simplify it, the time from
when the user sees the page until the user can interact with it. This can also be referred
to as TTI as mentioned before. If the website experiences a high FID, there are some Ul
(User Interface) tricks that can be applied to not fool the user. The UI can implement some
indications to inform the user that the page is not ready to be interacted with. For example,
disabling buttons until they are ready to be pressed. SSR also has less efficient caching. A
page with CSR can fully utilize the browser’s caching because the initial HTML page is
the same for all pages on the website. Therefore, it can be cached and loaded using CDN
(Content Delivery Network).

In SSR, it is different. The HTML file is different for each page on the website which makes
it harder to use CDN. If CDN is not used, the user experiences a longer page loading time.
SSR can experience some compatibility issues. SSR costs more since the website needs to
host a server alongside the website [20, 32].

3.5 React Server Component

React Server Component is developed by Next.js which is a React framework for building
websites with what they call building blocks [17]. What is interesting here is that they have
developed a solution that can be compared to a combination of SSR and CSR. React is built
from different components that can be used multiple times. For example, if you were to
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develop a website that included a form for the user to fill in. The form would probably be
a component in itself but it could be built from other components. It could for example be
built from five input fields with their unique design and criteria. Instead of having that code
five times and taking up about fifty lines, you can write it once and have the component in
a tag while taking up five lines. React Server Components can let some components remain
entirely on the server while being used in a client-rendered component. It is very similar to
SSR in the aspect that the server component is pre-rendered on the server when it gets to
the client component. When the server component arrives at the client component it gets
hydrated by the hydration step mentioned in the section on SSR [12].

In this scenario, the grid which is the main issue of the rendering could be a component
rendered on the server and then get passed up to the client. The client component would
then be the interface where the user is allowed to decide how many rows and columns that
should be rendered.

3.5.1 MixMatch

While SSR remains at a page level, React Server Component is at a component level as
we have already established. A benefit of being at the component level is that it makes
it possible to, as the name describes, mix and match between server rendering and client
rendering [6].

MixMatch Server Page

Client Child

Message from parent: A message from server

Nested Server

Nested server content

Figure 5: A React Server Component used as MixMatch [6]

Figure 5 is a server component nested into a client component. The components get ren-
dered independently to later get combined by something called React runtime. Runtime is
a part of the process that makes the program run, such as loading the executable file into the
RAM [11].
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3.5.2 Degenerate

With this method, the component gets rendered at the server at first to later degenerate into
a client component. This looks a lot like SSR when the initial rendering is made on the
server and the rest is handled by the browser [6].

Degenerate Server Page

Client Child

Message from parent: A message from server

Degenerated Server

Degenerated server content

Figure 6: A React Server Component used as Degenerate [6]

Figure 6 is an illustration of a degenerate server page. This could be useful in scenarios
where the initial rendering of a component is rather difficult to execute but interacting with
the website is not as demanding.

3.6 Virtualized

Virtualized or as it is referred to in React react-virtualized is a popular library that provides
optimized rendering for large lists and tables. Virtualized is a configured version of CSR
and the core idea behind it is to only render the elements that are currently visible on the
screen, instead of rendering the entire list. This significantly improves the performance of
the application, especially when working with large data sets.

The theory behind how virtualized works is to only render what is visible. A perfect exam-
ple is a comment feed on any app or site. There can be hundreds of thousands of comments
and even millions in some rare cases. It does not make sense to render all of those com-
ments when the user enters the comment section. The user does not read every comment
anyway so there is no reason to render them all. Therefore, virtualized can be used to ease
the process. With virtualized the program would calculate the viewport. The viewport is
another word for which items are displayed. Render those items only, and when the user
scrolls to another section the previous viewport is unloaded and the new port is loaded [10].

3.7 Related Work

A similar article analyzes CSR versus SSR. Their focus point differs from this project since
they did it in a different JS library called D3. The analysis of this work was between CSR
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and SSR but they used it to render an SVG with JSON data. They concluded that when
tested in the same or similar environment, the client side offered a better performance [29].

Another study with a similar purpose was written by Adam Holmstrom [24]. Adam Holm-
strom’s work revolves around seeking performance improvements for massive data grids
using Silverlight. The project examines two techniques to improve performance in a Sil-
verlight application, those being UlI- and data virtualization. His work results in UI virtu-
alization improving the performance significantly but has to render new items as the user
scrolls. It is a technique very similar to virtualized. Data virtualization was faster but not as
significant. It can result in a great advantage for large data sets.

Lars Lindberg [28] writes about 3D modeling in his article Remote rendering of physics
simulations and scalability aspects in web applications. His solution lets a web service
handle heavy calculations which lets the client focus on the rendering. This work ended up
not performing up to its potential because Lindberg’s priority was to demonstrate a concept
that could result in improved performance.

Mathias Beke’s [21] work compares SSR and CSR on different aspects like bandwidth,
lines of code, and server throughput. The article also provides the results of a survey where
developers are asked which they prefer, the most testable, flexible, etc. The article resulted
in SSR having far fewer lines of code than CSR. The preferred method was the opposite
with SSR having 27 percent of the developers’ vote and CSR having 44 percent.

The article React Apps with Server-Side Rendering: Next.js written by Harish A Jartarghar
et al. [26] explains why CSR is slower than SSR from a technical aspect. The article explains
the difference in how it gets executed very thoroughly. The article concludes that SSR
results in better performance and SEO.

Speed index and critical path rendering performance for isomorphic single-page applica-
tions by Malek Hakim [23] is an article where he writes about how the server renders the
initial page for a fast loading time. Then whenever the user desires to interact with the
page it is on the client side. The isomorphic approach resulted in a roughly 30 percent
performance increase but took longer to begin rendering.

Aylar Meredova compares the SSR capabilities of two front-end frameworks; React and
Vue. The findings of the work are that SSR should be considered carefully before being ap-
plied to an application. Another finding is that all projects are unique with different require-
ments and therefore will need evaluation. About eighty percent of interview participants
preferred SSR with React [30].

Joni Viyrynen has made a case study about ensuring the availability of the SSR service
during high loads. The study also touches on how it can improve SSR in a React application.
The results of this study concluded in using more server power to handle more requests
followed by a fallback to CSR. This led to the server being able to handle 800 requests per
second instead of the initial 8 requests per second [32].

Fabian Giesen et al. project revolves around reducing server load in SSR by compressing
video stream rendering. Their method was to modify an x264 encoder with warping-based
motion estimation technology. The modified method proved to deliver a video with in-
creased quality and could lower the cost of CPU time [22].

Taufan Fadhilah Iskandar et al. compare CSR and SSR against each other. Their evalua-
tion metrics were a Lighthouse report from Google Audit and different milestones during
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the rendering process such as FCP and TTI. A Lighthouse report grades a website with
performance, accessibility, best practices, and SEO. The results of the work were that SSR
outperformed CSR on every milestone and all the grades except accessibility. The reason
was that the application on the client was built with SPA and as a result did not have to fetch
anything to change the page [25].
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4 Method

To answer the objective statements an environment for experimenting was created. The
experiments were tests performed on a hyper grid with various amounts of cells containing
data. The experiments were then evaluated from a performance point of view, in addition
to an evaluation of how user-friendly the solutions are. Performance in the context of this
thesis refers to the time it takes for the grid to render. The purpose of the evaluation is to
determine thresholds which is a recommendation of when to use a certain rendering method.

4.1 Hardware

The results of CSR are based on the hardware of the computer so the following specifica-
tions list the hardware of the computer on which the tests were done.

Model: Lenovo ThinkPad P51

OS: Microsoft Windows 10 Pro

CPU: Intel Core i7-7820HQ @ 2.9GHz

GPU: NVIDIA Quadro M2200 / Intel HD Graphics 630

RAM: 32 GB

The browser of choice could also affect the outcome and therefore it is important to mention
that this study chose to use Google Chrome.

4.2 Sandbox

To create a controlled environment for the tests, two new web applications were created.
A controlled environment in this thesis is referred to as a ”sandbox”. The first web appli-
cation was developed to use SSR implementation. The second application consists of two
components. One component was the ordinary hyper grid, which had no configuration and
therefore uses pure CSR to render. The other component was configured to utilize virtual-
ized CSR. A controlled test environment prevented any external processes from interfering
with the test results. It also enabled experimentation with the different rendering methods
at relatively low complexity.
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4.2.1 Hyper Grid

Before the different rendering methods get explained, the simplified hyper grid that the
rendering methods test their rendering abilities on should be explained first. The grid is built
from a component that represents a default cell. The default cell contains a div element that
includes the row number and the column number. It is developed as follows:

1 class DefaultCell extends Component {

2 render () |

3 const style = {

4 position: ’relative’,

5 width: 7100%’,

6 height: 7100%’,

7 boxShadow: ’-1px -1lpx lpx 0 #ccc inset’

8 bi

9 return (

10 <div style={style}>{this.props.row}x{this.props.column}</div>

11 )

The grid utilizes the default cell to return a loop through the number of rows and columns.
Each iteration of the loop contains a default cell surrounded by a div element that used CSS
to place it where it was supposed to be. The loop recently explained is shown below:

export default class HyperGrid extends PureComponent ({

1
2 static defaultProps = {

3 cellComponent: DefaultCell

4 i

5

6 render () {

7 const {

8 cellComponent: Cell,

9 numColumns,

10 numRows

11 } = this.props;

12

13 return (

14 <div style={{position: "absolute", height: "100%", width: "100%"}} >
15 {

16 range (numRows) .map ( (row) => range (numColumns) .map ( (column) => (
17 <div

18 key={row + '_’ + column}

19 style={{

20 position: ’absolute’,

21 top: row * CellHeight,

22 left: column * CellWidth,

23 height: CellHeight,

24 width: CellWidth,

25 border: ’lpx solid #ccc’,

26 background: ’'lightGreen’

27 1}

28 >

29 <Cell row={row} column={column} />
30 </div>

31 )))

32 }

33 </div>

34 )i
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4.2.2 Server Side

The server starts by creating an instance of the initial state which is the data the server needs.
In this case, there were none since the cells get fabricated and no data fetching is necessary.
The server then renders the application with a function called renderToString. The function
renders the application or, in correct terms, the React tree to an HTML string which is a
regular string except that it considers markups. To explain further, < b > HT MLstring <
/b > as an ordinary string would be displayed as the string appears but as an HTML string
it would be displayed as HTML string. Finally, the server creates a copy of the data so
it can store it on the client and returns an object of the rendered HTML and the data. It is
created as follows:

module.exports = function render (initialState) {

1

2

3 const store = configureStore(initialState)
4

5 let content = renderToString(

6 <Provider store={store} >

7 <App />

8 </Provider>

9 )i

11 const preloadedState = store.getState()

13 return {content, preloadedState};

The following lines of code are an example of the request made to the server. When the
application starts it calls upon the server to render the application. It begins by saving the
previously loaded state of the application and the content. It then sends a response through
a template which is a function to design the layout of the response. Therefore, there is no
further explanation of the template. Line five sets the time in seconds that the header should
keep the response cached which is equivalent to a week. Lastly, the response is sent which
is visible in the developer window under the network tab in the browser.

// server rendered home page

1

2 app.get('/’, (reqg, res) => {

3 const { preloadedState, content} = ssr(initialState)

4 const response = template("Server Rendered Page", preloadedState, content)
5 res.setHeader (' Cache-Control’, ’assets, max-age=604800")

6 res.send (response) ;

7 1)

The following is an example of a response sent from the server when a 1x1 grid is rendered.
In a normal rendering, on the client side, an empty div element is sent as the response.

1 <div style="position:absolute;top:50px;left:20px; right:20px;bottom:20px">

2 <div style="position:absolute;height:100%;width:100%">

3 <div style="position:absolute;top:0;1left:0;height:30px;width:100px;>
4 <div style="position:relative;width:100%;height:100%;>

5 0<l== —==—>x<!=—= -=>0



6 </div>
7 </div>

8 </div>

9  </div>

4.2.3 Virtualized

The implementation of virtualized works a lot like the implementation of the hyper grid.
The importable package virtualized includes a grid that can be utilized. This grid needs a
function, the number of desired rows, and the number of desired columns passed to it. A lot
like the hyper grid, this grid renders a function in a nested loop with a combination of rows
and columns. Apart from the function, the number of rows, and the number of columns, the
grid requires the width and height of both the cell and the grid [9].

4.3 Testing

4.3.1 Performance Testing

The number of cells started at 100 and doubled each test until it reaches over a hundred
thousand as shown in Table 1. The time refers to the time it took for the program to render
the grid and the speed is how many cells it rendered per millisecond.

Table 1 Example of the test iteration

TIME
ROWS 10 20 20 40 40 80 80 160 160 320 320
COLUMNS [ 10 10 20 20 40 40 80 80 160 160 320
SPEED

The tests were performed the same way on CSR and SSR. The tests stopped at a hundred
thousand cells because that is where it started to take over half a minute in the original hyper
grid when it was not simplified. The large time increase was brought to my attention after
a few tests to get familiar with the environment were done off the record. React developer
tools was the tool to measure the performance which is an add-on to the browser. The
add-on service offered a profiler that recorded a sequence of actions and showed the time
of each action. The actions were measured the same regarding whether it was rendered on
the client or the server so the tests would be fair. The action that was most interesting for
this thesis was the rendering duration. The render duration of each render could differ a
lot so the tests were done ten times on each cell interval. So, ten times on a hundred cells,
ten times on two hundred cells, and so forth. Those ten test results would then be used to
calculate an average of all the renders of each amount of cells so the comparison would
be a better representation. There was also a calculation of how many cells per millisecond
get rendered to further visualize at what speed the different methods rendered. However,
since virtualized does not render all of the cells when initialized, the speed for virtualized
would not be included in the conclusion of the thesis. It would still go into the results as a
comparison to see at what speed the other rendering methods needed to achieve to match
the time it took to display the grid.

17(33)



4.3.2 User Testing

The usability tests were performed on six workers at the company twoday INSIKT. The test
was formed as follows, they were testing CSR, SSR, and virtualized. The test participants
sat through the rendering process and were then given a task. The task was to find a specific
cell and mark it to signal completion for example the one on row 78 and column 43. The
tasks were supposed to be done as fast as possible and were timed to be used as part of the
result. The number of cells in the tests started high at about fifty thousand to later be split
into halves until either their opinion or the rendering method with the fastest time changed.
To prevent human error, when a new rendering method had the fastest time, that method
had to keep the lead for at least another round. Getting results of when the perception of the
methods changes was helping to determine the thresholds. When the tests were done they
were asked whether there was something that they would like to add, for instance, which
rendering method they preferred. Timing the task ensures that the test generated a result
since being asked which rendering method is preferred can be vague and difficult to answer
when the test participants did not know what to look for. The test participants were not
aware of which rendering method they were using at the time of the test to prevent a biased
opinion. To prevent a subconscious choice the methods were also rotating. To explain this
further, imagine a test of three unknown methods, A, B, and C. When the first person did the
test SSR was the method of A. Later, when the second person did the test, SSR was not the
method of A again. This is called the primacy effect, when being visually given a choice of
three options the mind is more likely to choose the first one. There is also a recency effect
where when given three options but orally, the person making the choice is more likely to
choose the one latest presented [2]. With this in mind, the amount of test participants had to
be evenly divisible by three to prevent these effects from having an impact on the outcome.
To simplify the explanation, the bulleted list below is the process divided into steps.

* The participants were given a task to find a cell e.g. 160x140. The cell differentiated
between each round but was in the same order for every participant. The time starts.

* The participants tried to find it as fast as possible and marked it to signal completion.
The time stops.

» This was done on each rendering method with different cells to find. The given cells
were somewhat similar to be equally far away.

* This was repeated until a new rendering method got two consecutive wins or the
participant’s opinion of the rendering method changed.

4.4 Evaluation methods

To conclude the tests, the results came down to how many cells got rendered, at what time,
and at which speed. This was done in CSR, SSR, and virtualized. In addition to strict
numbers, there was a human part involved in the form of interviews and testing. This de-
termined how user-friendly the method was perceived. The evaluation of the performance
results was shown through graphs, charts, and tables to easily visualize the numbers and
where the thresholds are. To decide how user-friendly the solution is, came down to what
rendering method the participants that did the test preferred over the other. The results were
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then analyzed to get something out of the data. The analysis of the result was to compare the
time results to the user experience of the method to present the threshold. The presentation
of the threshold was when SSR was considered faster than CSR in combination with when
it was worth the implementation. There was also a determination of the threshold for vir-
tualized which was made through the usability tests. That came down to when virtualized
got surpassed in the test by another rendering method. There was then an analysis of the
complexity of the method. The complexity versus the outcome of the implementation. This
part of the analysis provided information on whether the different rendering methods were
worth the implementation process compared to the results of the program’s performance
after the changes.
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5 Results

This section presents the performance results in the form of tables and graphs of three dif-
ferent rendering methods. Those being CSR, SSR, and virtualized. They are first presented
individually to later be shown in a combined graph. The y-axis differs among the graphs
but is explained as they are presented. When the results refer to speed, it means the number
of cells rendered per millisecond.

5.1 Client-Side and Server-side Rendering

The first presented result is the time it took to render a grid with various amounts of cells.
Figures 7 and 8 are based on the data from Tables 2 and 3.

Table 2 Client side rendering with time in the average of 10 tests

TIME 35,67 49,00 83,52 138,09 202,85 334,45 530,05 97430 1786,74 336849 6928,59

ROWS 10 20 20 40 40 80 80 160 160 320 320
COLUMNS 10 10 20 20 40 40 80 80 160 160 320

SPEED 280 4,08 4,79 5,79 7,89 9,57 12,07 13,14 14,33 15,20 14,78

Table 3 Server side rendering with time in the average of 10 tests

TIME 26,93 3390 51,63 9326 142,44 237,61 409,20 846,46 1741,13 3108,88 5689,50

ROWS 10 20 20 40 40 80 80 160 160 320 320
COLUMNS 10 10 20 20 40 40 80 80 160 160 320

SPEED 3,71 5,90 7,75 8,58 11,23 13,47 15,64 15,12 14,70 16,47 18,00
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Figure 7: Time for SSR and CSR to render between 100 - 100 000 cells

Figure 7 displays the time performance comparison between SSR and CSR. In the figure,
it is observed that SSR is slightly faster than CSR. It is also observed that SSR seems to be
equally fast at 25000 cells.
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Figure 8: The number of cells rendered per millisecond for SSR and CSR

The speed comparison visualizes what was observed in the time graph, an almost equal
rendering speed at 25000 cells which makes the curve seem unnatural. It is also observed
here that SSR is considerably faster, rendering more cells per millisecond than CSR at all
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stages.

Due to the curve of SSR decreasing in an unnatural way at 25000 cells, the tests were
done once again on the grid sizes which looked unnatural. Those grid sizes were 160x80,
160x160, and 320x160.
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Figure 9: Time comparison between the first and second time SSR was tested. SSR is the
first time it was tested and SSR2 the second time.

Figure 9 displays the time performance comparison between SSR the first time it was tested
against the second time. It is observed that it was faster the second time it was tested.
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Figure 10: Speed comparison between the first and second time SSR was tested. SSR is
the first time it was tested and SSR2 the second time.

Figure 10 shows the speed of the first and second test that was done on SSR. The second
time SSR was tested shows a more natural curve than the first time.

5.2 Virtualized

The second presented result is the time it took to render a grid with various amounts of
cells on the client but with a different approach being virtualized. Figures 11 and 12 are
based on the data from Table 4. An important thing to remember when observing the speed
of virtualized is that the graph is inaccurate. The method does not render over 1100 cells
per millisecond. This is because virtualized does not render all the cells but rather only the
visible ones. The purpose of Figure 12 is to visualize what speed the other methods would
need to achieve to be as fast as virtualized.

Table 4 Virtualized with time in the average of 10 tests

TIME 43,37 542 5424 92,03 87,73 90,85 99,32 92,72 98,78 91,35 92,48
ROWS 10 20 20 40 40 80 80 160 160 320 320
COLUMNS 10 10 20 20 40 40 80 80 160 160 320

SPEED 231 3,69 7,37 8,60 (1824) (3522) (64,44) (138,050 (259,16) (560,48) (1107,27)
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25

0 25000 50000 75000 100000
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Figure 11: Time for virtualized to render between 100 - 100 000 cells
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Figure 12: The number of cells rendered per millisecond the other methods would need to
achieve to match the rendering time of virtualized

5.3 Comparison

This section compares the previously presented results of all rendering methods.

Virtualized + CSR 4 SSR

8000

6000

E  apoo
@
E
'_

2000

0

0 25000 50000 75000 100000

Mumber of cells

Figure 13: Time for all examined rendering methods to render between 100 - 100 000 cells
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When virtualized is added to the time equation, as shown in Figure 13, the graph gets more
challenging to interpret. The method virtualized is observed to almost be a flat line meaning
the rendering time is exceptionally faster when using virtualized.

# SSR & CSR Virtualized
1250,00

1 000,00
750,00

500,00

Speed (cells/s)

250,00

0.00 i g i i
0 25000 50000 75000 100000

Mumber of cells
Figure 14: Time for all examined rendering methods to render between 100 - 100 000 cells

When virtualized instead is added to the speed equation, shown in Figure 14, it is the oppo-
site. CSR and SSR are now observed as flat lines. Keep in mind that this does not mean that
virtualized is rendering over 1100 cells per millisecond. It renders only the visible ones.

5.4 User testing

This section presents the results of the user experience tests.
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Figure 15: Seconds to find a specific cell

Figure 15 shows that virtualized was faster at larger grids when trying to find a specific
cell. It is also shown that SSR catches up about halfway through. The size of the grid
right before SSR catches up is 160 by 80 cells or 12 800 cells. Observing the curves of
CSR, the line is behind almost the entire sequence. The most important observation is that
the different methods end up at approximately the same place, a difference of about 0.65
seconds. The test persons were unanimous in all questions. When asked if they preferred a
specific method, everyone said they preferred virtualized at larger grids. As the number of
cells in the grid lowered, the test persons said that they could no longer tell the difference
between them and therefore no longer had a preference.
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6 Discussion

This chapter discusses the presented results to be able to draw a conclusion. It also discusses
the implementation process and potential further development of the project.

6.1 Analysis of Test Results

This part of the discussion analyses the results of each rendering method and the user testing.
It also tries to give an explanation of the results and potential problems of the tests.

6.1.1 Rendering Methods

The results this thesis generated indicate that SSR is a faster rendering method than CSR. As
Figure 7 and Figure 8 show, SSR was faster at all stages. However, examining Figure 8, the
performance of SSR made a dip at 25000 cells which establishes a theory as to the possible
reason why it happened. The SSR server could have been overloaded at the time. The tests
were pursued fast, reload after reload and close to no time in between the test nor the change
in the number of cells. Although the potential seems to be higher, these results are a better
representation of how it would perform in a real-life scenario. The issue of the server being
overloaded can be an issue and should be treated with caution if pursuing SSR. There are
however techniques that could be applied to detect an overloaded server and make a fallback
to CSR [7]. Another possible reason why it dipped could be the network connection speed.
The latter possible reason seems more unlikely but is still possible. Whatever caused the
dip was a temporary issue because the unnatural curve disappeared the second time it was
tested.

When virtualized was added to the equation, it stomped all competition. One could expect
these results since the method takes the shortcut of not rendering all of the cells. Virtualized
exceeded the expectations of this thesis. Seeing the graphs on top of each other made it clear
how much time virtualized saves by not rendering all the cells. Observing the time it takes
for virtualized to finish rendering in Figure 11 seems to reach its maximum rendering time
of around 100 milliseconds. Comparing 100 milliseconds to what relatively fast becomes
seconds and keeps growing when the grid gets larger puts perspective on it.

Unfortunately, the grid needed to be simplified for this to work. With more data in each cell,
the outcome might not have been the same. The reason why the results might have been
different with more data is the same as why I am suspicious about the dip SSR made towards
the end. If the server now got overloaded from rendering a simple grid lot of times. There
is nothing that supports it from not overloading when there is more data in each cell. If one
person made it overloaded, it would not need much for it to overload when several people
are using it at the same time. This problem is however solvable by having the program
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fall back on CSR when overloading and the servers are probably more powerful and more
reliable in a real-life scenario. It is hard to define a direct issue since it still outperformed
CSR everywhere.

6.1.2 User Testing

The user testing was difficult to come up with an execution reliable enough to be able
to use it. However, the method of choice feels good enough to use but could have been
improved by more participants. The less reliable a test is the more participants are needed.
The problem this thesis encountered with testing on more participants was that it had to be
divisible by three. The usability tests were not the main objective of this thesis and therefore
they were less prioritized than the main objective.

We have established that there are flaws in the process but even if there is the result speaks
clearly. The first two tests had virtualized winning by at least a second and a half. Virtual-
ized had the fastest time on both the first and second tests. If only observing the slowest time
of each method on those tests, virtualized was still the fastest. After the two first tests, the
competition gets less one-sided. Note that the size of the grid is at 12800 now. Virtualized is
still winning but not by much. After this point, the competition could have gone either way.
The problem with the test at this point was barely any noticeable differences between the
methods. For that reason, none of the participants changed their minds about the rendering
methods. However, apart from the graph showing that virtualized is faster at large grids, all
the participants said that this rendering method felt smoother when the grid was larger.

6.2 Analysis of Implementation

The implementation of this thesis was not an easy task. There are a lot of ways out there
how to implement SSR but tailoring the solution to work in the scenario of this project was
challenging. As established, SSR adds increased complexity to a program but more was
added than expected at the start of the implementation. There was also a lot of difference
between the ways of implementing SSR. The combination of many ways of doing it and
the lack of experience implementing SSR led to a trial-and-error strategy. Some attempts
were more successful than others. The success of those attempts was based on performance
increases and to be honest, a gut feeling. The problem with those attempts was that there was
no way of proving that they were rendered on the server as this thesis came across. Since
the foundation of this project relied on being on the server, that outcome was considered
unacceptable.

The lack of experience implementing SSR and numerous amount of attempts to do it led to
simplifying the grid. With several failed attempts the mindset of this thesis changed. The
grid did not have to include a lot of data to measure these rendering methods. Therefore, a
simplified version of the grid was created.
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6.3 Further Development

This section proposes different research subjects that could either improve the results of this
thesis or become a new project within the same area.

This thesis was suspicious that server overload was a problem and might have affected the
results. Since this study did not cover server overloads, this could be an extension of this
thesis. The interesting parts of this area would be to examine when this occurs and how
much effect it has on the process. Moreover, this extension could include a solution to
detect overload and fallback to CSR.

In 6.2 it is mentioned that there are many ways of implementing SSR. If there are different
ways of implementing the same method, they have to differ in performance. Maybe the
method this project chose to use is not the most optimal one for the job. This potential work
could include figuring out how much it matters. Does it matter at all? Are the different
implementations optimized for certain tasks?

Section 6.1.1 delivers a concern about the results having another outcome if there were more
data in each cell. Implementing a version that works on a grid with data would be beneficial
in the sense that one concern of this study could be eliminated if the work gets the desired
results. It would also provide the reader with a complex solution that could be reused for
other purposes, even though it might have to be adjusted.

A technique that could be a performance extension for this thesis is Gzip. It is used to make
websites load faster by making the files smaller. It is supposed to work well because of the
reason that HTML, JS, and CSS are repetitive when writing in those languages. Another
reason is that they use a lot of whitespaces. This technique claims to shorten the file sizes
by up to seventy percent. This would result in a shorter first render time [1].

As supposed to usability, it would be interesting to go more in-depth on how rendering
methods affect the UX. This thesis touches on it but doing a project purely around it would
have better results. That work could include examining if there is any rendering method or
other techniques that make the waiting period feel faster even though it is not. That is a
UX performance increase since the user would be deceived by the waiting period. Another
objective could be user testing around different loading indications.

6.4 Conclusion

In conclusion, this thesis has examined the performance of SSR and CSR when applied
to a web program and more specifically to a grid. The results of the experiments showed
that SSR is indeed faster since it beat CSR on every test. The trend of the result indicated
that SSR was better at content-heavy pages because of the speed gap. That was before
SSR showed that it has flaws due to the dip it made. Excluding the dip, the performance
benefits did not meet the expectations of this thesis. The benefits are dependent on server
infrastructure and could have impacted the outcome. Moreover, the implementation of SSR
was significantly more complex than expected. In addition to the disappointing results
of SSR, the thesis examined the rendering method virtualized. Unlike SSR, virtualized
exceeded the expectations both in the perspective of time and user experience. In addressing
the thresholds the objectives stated to provide, when SSR becomes more beneficial than

29(33)



CSR, is at all stages. SSR is the faster rendering method. The threshold for when virtualized
becomes beneficial is at 12 800 cells but in my personal opinion I would lower it to 10 000
to be certain. At 10 000 the different rendering methods had about the same result but when
the amount of cells increases there can be complications which is why it is lowered.

Despite the disappointing results of SSR, we believe that it can still be used as a solution
for speeding up a web program. However, it should be used with care since the complexity
and maintenance of SSR can become overwhelming. The developer needs to weigh the per-
formance benefits against the drawbacks. Are 1.3 seconds when rendering over a hundred
thousand cells worth the implementation, cost, and maintenance?

The findings of this thesis showed that virtualized truly outperforms both SSR and CSR. In-
stead of adding more power to render the page, as the fundamentals of SSR are, it leverages
the power of optimizing the solution. Because it is a library, there were not any compli-
cations in implementing it. Therefore, virtualized with its impressive performance and its
simple integration within existing React applications can be highly recommended.
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