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1. Introduction

This report will discuss and analyse the best practices for RESTful web service implementation in
section 2, while Section 3.1 critically analyses Serverless technologies and section 3.2 discusses the
circuit breaker pattern in web development. Any comment about the implementation section of this
assignment refers to the Java, HTML, JavaScript and SQL code provided in the appendix of this report.

2. Best Practices for RESTful Web Service Implementation

2.1. Introduction
As with all implementations of programs and services there are certain practices that all developers
should follow to ensure they receive the most value as possible from their work. This report will detail
some of the best practices when implementing a RESTful web service and to illustrate an
implementation of these practices, code snippets will be shown and discussed.

Before the introduction of REST, web services were written under the principles of the Simple Object
Access Protocol (SOAP) [1]. SOAP is a protocol that facilitates communication over the internet via
HTTP that sends and reads information contained in XML files that are sent as part of a request [2]. As
any function calls are described in the XML file, SOAP requests can be encoded therefore increasing
security. However, these XML files can become unreadable and complicated to write, which can be a
detriment for users. Furthermore, SOAP operations only utilise the HTTP POST function, therefore
reducing the flexibility of requests [1].

RESTful web services were introduced to utilise more HTTP requests such as GET, PUT, PATCH and
DELETE and will be discussed in more detail below.

2.2.  Whatis REST?
Representational State Transfer (REST) was introduced by Roy Fielding [3] and is a web architecture
that s built around hypermedia. There are a number of constraints that, when applied to web services,
describe REST.

One of the constraints in REST is the client-server constraint that introduces a separation of concerns
between the user and the server [3]. This separation of concerns allows developers to split the
development of the front-end web pages and the back-end services so that they can change
independently [3].

Another constraint needed for REST is that the service must be stateless. Stateless means that each
request from the user to the server must hold all the information needed to process the request and
does not require additional information from the server [3]. These practices, and more are discussed
henceforth.



2.3. Best Practices for RESTful Web Services

2.3.1. Richardson Maturity Model and HATEOAS
To describe REST and how it evolved from basic and SOAP based interactions, Leonard Richardson
introduced a maturity model with different levels each describing extra functionality [4]. The higher
the level, the greater the functionality; with SOAP sitting at level zero and REST sitting at level three.
Figure 1 illustrates the Richardson maturity model.

Level 2

Level 1

Figure 1. Richardson Maturity Model

Interactions at level zero are the most basic and only utilise the HTTP verb POST to send requests to a
single URI [4]. SOAP and other basic requests sit at this level and they contain Plain Old XML (POX)
with details of the requests [5]. At this level each request is only ever a POST and are only used to gain
access to the service rather than to communicate effectively. This is a detriment because POST
requests can modify, create and, in this instance, retrieve information so by only using POST requests
it can be difficult to ascertain what use the request is intended for [3], [6]. Only utilising a single URI is
bad practice as users must understand that they are required to send requests with different details
to the same location, therefore reducing usability [4], [7].

At level one, resources are introduced and as such different URIs are used to perform different tasks
[4]. Requests at this level continue to only use POST requests, however, rather than sending an XML
file with details of the request, any arguments are passed in through the URI. Level one is more mature
than level zero as it splits one large, complex system into multiple smaller functions, therefore
improving usability [2], [5].

Level two introduces other HTTP verbs such as GET, PUT, PATCH and DELETE while continuing to use
POST [4]. At level zero and level one the POST request was used to retrieve, modify and insert data
and the only way to know which method was being used was to examine the XML file. At level two,
however, the POST request is used to insert data, while PUT and PATCH are used to modify data, GET
is used to retrieve data and DELETE is used to remove data [4], [5]. This separation of functions
simplifies the process and improves usability [4]. Level two is close to the full functionality of REST
however it relies on the user to understand which methods to use and on which URls.



Level three describes how hypermedia can be used to provide the user with as much information as
possible when using a service [4]. This is achieved through a format called Hypertext As The Engine Of
Application State (HATEOAS) which provides links to other resources within the service that could
potentially be of interest to the user [4], [6]. Using HATEOAS to inform the user of other resources
improves usability and encourages the user to return to the service in the future. Figures 2 through 9
below show different HATEOAS responses from the implementation section of this assignment.
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Figure 3. HATEOAS showing all records in regnum table.
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Figure 9. JSON response of regnum profile.

As the implementation was written using Spring, some HATEOAS responses are specifically formed
through the Spring framework, such as the profile links as shown in Figure 2. The profile informs the
user what resources are available and navigating to a profile URI shows the user key information about
that resource, as seen in Figure 9 with the URI /profile/regnums. To see the regnum resource itself,
the user simply removes the /profile from the URI. Figure 3 shows the HATEOAS response for all



records in the regnum table which includes the information stored in the database, such as regnumid
and price, but also provides links for the user to follow. In this example, one link directs the user to a
HATEOAS response that shows which batch that regnum is relating to (Figure 5), while the “self” link
will show all details of that individual regnum record. Figure 4 shows how extra information is
presented to the user including how many records are shown on the current page and the total
number of elements in that resource. Figure 4 also shows links that are available to the user that allow
the user to change how the information is displayed in the browser, including how many items should
be displayed. This paging and sorting information is made available thanks to the
PagingAndSortingRepository class used in the repository classes of this implementation as seen in
Figure 10 below.

Figures 5 through 8 show how a user can navigate a web service when provided with URIs, including
how the URI used to get to a resource can be different to the “self” URI of that resource, an example
of this is seen in Figure 5. Figures 2 through 10 show how the implementation of this assignment
adheres to level 3 of the Richardson maturity model, and therefore to one of the best practices of
RESTful web service development.

Pag

Figure 10. RegnumRepository class.

2.3.2. Platform Independence and Stateless
RESTful web services are written in such a way that they are platform independent. Platform
independency means the service can be written in any language and the client can be written in a
different language and they are able to communicate without any language related issues [5], [6]. To
do this, a web service must use a common media type such as XML or JSON and the client should be
able to use the same media type. For most REST web services this commonality between the server
and the client is achieved through the standard HTTP verbs of GET, POST, PUT, PATCH and DELETE [5].

To further ensure platform independence, RESTful web services require the requests to be stateless.
Being stateless means that all information about the request must be stored client-side and there
should be no server-side information that is needed in a request [8]. A benefit to stateless requests is
that the service can scale easily as the server does not need to store information about each request.
Another advantage of statelessness is that, if there is a fault on the server, it can be replaced without
the client knowing anything was wrong [6], [8]. A downside to stateless requests is that clients will
often have to send repeated requests to see if a change has occurred and this can lead to less control
over consistency as the requests could provoke unforeseen responses [3], [5].



The implementation adheres to statelessness as there is nothing stored in the back-end service or
database that is required for requests sent by the client, other than field names which are available to
the client through HATEOAS.

Figure 12. PATCH request from JavaScript client.

Figure 11 shows a simple GET request to the /users URI (line 111) and uses a for loop to serve the
usernames in a dropdown list on a HTML page. Figure 12 shows a PATCH request which is used to
update a specified record, in this case the PATCH request is sent to the batch URI with a certain batch
number identifier. The PATCH request needs to send information to the service that specifies what
field should be updated, and the new data for that field (line 266).

Both Figure 11 and Figure 12 adhere to statelessness as neither require information that is stored on
the server without first requesting it. The PATCH request in Figure 12 requires the user id from the
database, but first retrieves this via the getUserld method (line 250), rather than needing the server
to provide information at the same time.

2.3.3. Security
Another of the best practices for the implementation of RESTful web services is security and
authentication. To ensure that a web service is secure and cannot be manipulated by unknown
sources, only safe HTTP verbs should be exposed for clients, unless they are authorised to use them



[5]. GET is a safe HTTP verb as it will only ever retrieve information, whereas, POST, PUT, PATCH and
DELETE verbs are all unsafe as they can either modify, create or delete information [5]. Sometimes,
just hiding HTTP verbs is not enough and an entire URI must be placed behind authentication. This is
often done because there is information that is accessible via a GET request that unauthorised users
are not permitted to view [3], [6].

The implementation for this assignment does not adhere to this principle because the process to apply
security restraints was too complicated in the given timeframe. If there was more time, or if this was
to be implemented again in the future, a login system would be introduced to ensure that only
authorised users could place bids during an auction.



3. Serverless Technologies and Circuit Breaker Pattern

3.1. Serverless Technologies

3.1.1. Introduction and Background
Before the introduction of Serverless and cloud computing, and the prevalent use of them across the
world, companies would have to pay for and maintain a physical server to house databases and
facilitate business transactions [9]. A company’s servers would have to be located in a building,
typically the main office building, and would require a dedicated team to provide maintenance and
support for day to day interactions.

A common problem with physical servers is scaling. Scaling is the method of adding or removing
servers or capacity depending on the needs of the company. Typical scaling methods include scale-up
and scale-down which allow for servers to have their capacity increased or decreased respectively
[10]. Companies will often scale-up when they are preparing for a peak in traffic on their server, and
will scale-down accordingly after the peak has passed. A more complex method of scaling is known as
scaling out, which is where more physical servers are added rather than an increase in capacity [11].
This is a complex process as data must be shared across multiple servers and they must have constant
communication to preserve the integrity of the data [10], [11].

The difficulties scaling can impose on a company can include: prolonged maintenance where the
servers are offline, potential loss of data when the updated servers are switched on and the cost to
scale can be much greater than the return of power or storage [12].

The problem with all hardware is that it has physical limitations and will always, eventually fail [13].
The deterioration of hardware is a substantial issue for companies that use on site servers as
implementing replacements is costly and can require the servers to be shut down for prolonged
periods of time [14].

The issues with scaling and physical limitations are shortcomings that all companies will face and,
without a different solution, production and general workflow will be interrupted. Thus, the Serverless
idea was proposed.

3.1.2. Whatis Serverless?
Serverless technology was introduced to minimise a number of the issues mentioned above and the
frustrations they caused. Serverless is the concept of purchasing server capacity from a third party to
host web services and databases. Using a third party to host a company’s services allows for easy
scaling where the company can simply request more or less space and pay accordingly [14]. There are
many Serverless hosting companies with whom developers can deploy their code such as Microsoft
Azure [15], Google Cloud Platform (GCP) [16] and Amazon Web Services (AWS) [17].

An example of fast and efficient scaling is the Amazon Aurora service which is a relational database
engine hosted by Amazon [18]. Companies can use Aurora to hold their databases on Amazon’s
servers and the database capacity will increase and decrease automatically based on required
resources [19]. An advantage to Serverless scaling is that users will be charged based on the amount
of time the database is in use and how much capacity is used. Whereas with physical servers, if a
company scales-up then they will still have to pay for the larger server capacity even if there is less
traffic and resources being used [20].

Serverless computing provides developers with an environment within which they can deploy their
code and host services [14]. One way of doing this is known as Functions as a Services (FaaS), which is
where developers deploy individual functions to the Serverless platform and define events which



cause the functions to run [21]. The FaaS service (AWS, GCP etc.) constantly checks for the defined
events and calls the functions when necessary. This reduces computational requirements as the
functions do not have to run indefinitely and developers will only be charged when the functions are
called [14].

Serverless FaaS services are used in a multitude of ways with a wide range of complexity. Some
functions can be as simple as image rescaling, while others are collections of functions that are all
called after a specific event and pass information to and from one another [21], [22]. This variety is
not only prevalent in the complexity but also in the types of applications that are deployed in
Serverless. Serverless applications can range from simple web sites with a limited number of users to
hosting web services of major companies such as the video streaming service Netflix [22].

Per quarter, Netflix provides almost seven billion hours of video to nearly 50 million users and handles
extremely large amounts of data [22]. To achieve this, Netflix uses AWS to host their website and
databases allowing them to focus on customer interaction in the knowledge that the service will
remain online for as long as the AWS servers remain functional [22], [23].

While Serverless computing is a growing technology and is being adopted more and more by
companies around the world, there are still many drawbacks that anyone debating Serverless should
consider.

3.1.3. Drawbacks of Serverless
A particularly large problem of Serverless technology is the possibility of rewriting large amounts of
code to be deployed in a FaaS environment. To allow a service to maintain functions and manage
event triggers, functions must be written in a specific way. This can be disastrous for a company who
want to deploy a pre-existing application in a FaaS Serverless environment, simply due to the time it
would take to rewrite an entire application [21].

Another potential problem to Serverless technology is the fact that after a certain length of time
functions that have been triggered are shutdown [21]. This can be a double-edged sword as while it
can reduce costs, due to the function being inactive, it must first be written in a way that can handle
the scenario where the previous state cannot be recovered [21], [22]. This can be an overly
complicated issue for developers since this is not a problem a physical server would encounter as the
functions could remain active indefinitely.

A prevailing issue with developers when choosing which Serverless provider to deploy their code with
is known as vendor lock. Vendor lock is the concept of being so reliant on one provider, such as AWS,
that it is infeasible to move to another provider [21]. The infeasibility of changing providers is due to
the specific resources used and the nature in which functions must be written [21], [24].

3.1.4. Serverless Conclusion
Serverless technology is the process by which a company purchases computational space from a third
party, to host web services and databases, therefore removing the need for a physical server.
Serverless technologies allow for dynamic scaling of services and databases which is cheaper and
much less complicated than scaling a physical system.

Serverless is not without its drawback however; the need to rewrite code is a very real issue for
developers that want to deploy an already functioning application. In addition to this, vendor locking
is a concern for all companies and developers that want to use Serverless. Due to specific resources
and requirements, it is can be a very complicated and difficult task to move from one Serverless
provider to another.



With respect to web hosting, Serverless technologies provide an easy and cheap option for developers
to host web services and websites as functions deployed in Serverless are often event driven. This
allows developers to deploy their web service’s functions to a Serverless environment and not ever
have to concern themselves with the resource management and upkeep of a typical physical server.



3.2.  Circuit Breaker Pattern

3.2.1. Introduction
In modern web development it is common for a website, or a service behind a website, to make
frequent calls and requests to external sources. When connecting to an external source, there is a
measure of uncontrollability that must be accounted for and a reaction must be appointed in the event
of the external source failing. A failure could include a network connection error, maintenance from
the external source’s provider or any number of unexpected scenarios [25].

Web developers must prepare their systems to handle failed requests to external sources and one
such way is the retry method. The retry method is as simple as it sounds, the system sends the exact
same request to the same external source at the earliest possible instance [25]. A problem with this
method is that if an external source is unavailable for an extended period of time, the service will
continue to send the request to no avail. If a system does not have a function in place to stop the
constant retries, a manual reset is needed to allow the system to continue and to accept the external
source is unavailable [26].

Constantly adjusting the system manually to accept that an external source may not respond can be
a detriment to developers. To combat this, the circuit breaker design pattern was introduced.

3.2.2. Circuit Breaker Pattern Use in Web Development
Presented by Michael Nygard in his book “Release It! Design and Deploy Production-Ready Software”
[27], the circuit breaker pattern is a technique used to prevent a system from continually calling an
external source that has failed and is not responding [27]. In the context of electrical components, a
circuit breaker is used to detect an overuse of power. Once detected the breaker allows the system to
fail, opens the circuit to prevent further failures and then re-closes the circuit once the problem has
passed [27].

The principles of the electrical component can be applied to web development and is implemented
by placing code that could encounter a failure inside a function that prevents the call being sent when
the system is not responding [28]. This strategy is preferable to retries as it stops the calls from
occurring, therefore preventing harmful or unexpected responses.

There are three states in which the circuit breaker pattern can exist: closed, open and half-open [27].
In the closed state, the system behaves as normal, sending requests internally and externally. If the
call is successful, then no change occurs and the system proceeds as intended. If there is a failure in
the system, the circuit breaker keeps track of the number of failures by incrementing the total each
time a failure is encountered [27]. This pattern allows the system to continue if a fail occurs, however
once the total number of failures has exceeded a maximum allowance, the circuit breaker trips and
enters the open state. The pattern can also enter the open state when a specified failure is
encountered [29].

While in the open state, any failed call is immediately caught and an exception is thrown, usually in
the form of a message to the user detailing the fault [29]. The system remains in the open state for a
predetermined amount of time, after which the system is allowed to send one additional request. If
the request is successful, the system can progress as normal and the circuit breaker returns to the
closed state. Though should the call fail, the circuit breaker returns to the open state [27].

This cyclical process provides developers with a comfortable way to log faults therefore enabling them
to implement more exception handlers, making the system more fault-tolerant [27], [30]. The circuit



breaker pattern also makes a system more testable as developers can plan for a failure and then
testers can force the circuit breaker to trip to ensure the correct outcome is observed [25]-[27].

A downside to circuit breakers is that they can cause a system’s performance to suffer if under stress.
Meaning that if there is a large amount of failures being encountered then the circuit breaker will
prevent the system from moving forward [26], [27], [31]. This potential drawback should be
considered against the business value the pattern provides prior to implementation.

3.2.3. Conclusion
The circuit breaker pattern is used heavily in web development as it is common for websites and
services to communicate with external sources. The pattern prevents unexpected errors from external
sources from causing the website or service to crash.

The pattern begins in the closed stated and allows for a number of failures, though when that number
exceeds a certain threshold the breaker trips and enters the open state. While in the open state the
system cannot send a request to a failed source. After a given time, the circuit breaker will move into
the half-open state where one call to the previously failed source is permitted. If that call succeeds,
the breaker returns to the closed state, while if the call fails, the breaker returns to the open state.

The circuit breaker pattern provides developers with a comprehensive way to log information of a
system and provides strong testability. However, a consideration must be made between the drop in
performance encountered when the system is under stress and the business value the pattern can
deliver.
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4. Appendix

In this appendix lies all the code written in Java, HTML, JavaScript and SQL used for the
implementation section of this assignment.

4.1.  RegnumauctionApplication.java
com.acca7005.regnumauction

org.springframework.boot.SpringApplication
org.springframework.boot.autoconfigure.SpringBootApplication

tApplication

RegnumauctionApplication {

main (String[] args) {
SpringApplication. run (RegnumauctionApplication.
p gApPp

4.2. GenerateRegNums.java

com.acca7005.regnumauction.regnums

java.util.Random

RegNumInterface {

GenerateRegNums () {
= [

defaultRegnum ()
generateRegion ()
ge

nerateRandomSequence ()

defaultRegnum() {

generateRegion () {
inBounds =
(!inBounds) {
rand = RandomNumber (
{
[1] = [rand]
inBounds =
(ArrayIndexOutOfBoundsException e) {
System. .println(
inBounds




generateRandomSequence () {
i = i< i++)

inBounds =

(!inBounds) {
rand = RandomNumber (
{

[1 + [rand]
inBounds =
(ArrayIndexOutOfBoundsException e) {

System. .printf (
inBounds =

RandomNumber ( max) {
Random () .nextInt (max)

@Override
String toString() {
StringBuilder stringBuilder = StringBuilder (
( ch ) |

stringBuilder.append (ch)

stringBuilder.toString ()

4.3. OffensiveChecker.java

com.acca7005.regnumauction.regnums

OffensivelInterface {

OffensiveChecker () {

isOffensive (String regnum) {
splitRegnum splitRegnum (regnum)

(String offensiveWord : ) {
(splitRegnum[1l] .equals (offensiveWord)) ({




System. .println (regnum +

String[] splitRegnum(String regnum) {
regnum.split ( )

4.4, Offensievelnterface.java

cca7005.regnumauction.regnums

OffensiveInterface {

String[]

isOffensive (String regnum)

4.5.  Regnumlinterface.java

com.acca7005.regnumauction. regnums

RegNumInterface {

generateRegion ()

generateRandomSequence ()




4.6. RegnumlLlist.java

com.acca7005.regnumauction.regnums
com.acca7005.regnumauction.Entities.Regnum

java.util.ArrayList
java.util.List

RegnumList {

List<Regnum>

RegnumList

RegnumList () {
= ArrayList<> ()

RegnumList getInstance () {
== ) |
= RegnumList ()

addRegnum (Regnum regnum) {
.add (regnum)

Regnum getRegnum ( id) {
( .size () <= id ||

.get (id)

List<Regnum> getRegnumList () {




4.7. SetRegnumVariables.java

com.acca7005.regnumauction.regnums

com.acca7005.regnumauction.Entities.Regnum

SetRegnumVariables {

SetRegnumVariables () {

Regnum setVariables (String regnumString) {
Regnum regnum = Regnum ()
regnum. setRegnum (regnumString)
regnum.se "ice (calculatePrice (regnumString))
regnum.setIsavailable ( )

regnum

calculatePrice (String regnumString) ({

String[] splitRegnum = OffensiveChecker () .splitRegnum (regnumString)
rArray ()

[] sequenceSplit = splitRegnum[1l].toCha

(sequenceSplit[0]) {




4.8. Batch.java

com.acca7005.regnumauction.Entities
com. fasterxml.jackson.annotation.JsonIgnoreProperties

javax.persistence.*
java.util.List

java.io.Serializable {

alue (strategy = GenerationType.
n(insertable = )

FetchType.
)

sers

@OneToMany (fetch = FetchType. mappedBy =
List<Regnum>

getBatchno () {

setBatchno ( batchno) {
= batchno

Users getUserid() {




setUserid (Users userid) {
= userid

List<Regnum> getRegnums () {

setRegnums (List<Regnum> regnums) {
= regnums

4.9. Regnum.java

com.acca7005.regnumauction.Entities
com. fasterxml.jackson.annotation.JsonIgno

javax.persistence.*

Regnum java.lo.Serializable {

ue (strategy = GenerationType.

lumn (unique =
String

/ToOne (fetch FetchType.
Column (name )
Batch




getRegnumid () {

setRegnumid ( regnumid) {
= regnumid

String getRegnum() {

{

setRegnum (String regnum) {
= regnum

getPrice() {

setPrice (
= price

isIsavailable () {




setIsavailable (
= isavailable

Batch getBatchno () {

setBatchno (Batch batchno) {
= batchno

4.10. Users.java

com.acca7005.regnumauction.Entities
com. fasterxml.jackson.annotation.JsonIgnoreProperties

javax.pers
java.util.List

java.lio.Serializable {

ue (strategy = GenerationType.

String

@OneToMany (fetch = FetchType. mappedBy =
List<Batch>

getUserid() {




setUserid (
= userid

String getUsername () {

setUsername (String username) {
= username

List<Batch> getBatches () {

setBatches (List<Batch> batches)
= batches

4.11. BatchRepository.java

com.acca7005.regnumauction.Database

com.acca7005.regnumauction.Entities.Batch
org.springframework.data.repository.PagingAndSortingRepository
org.springframework.data.rest.core.annotation.Re itoryR \

burce (collectionResourceRel = path = )
atchRepository PagingAndSortingRepository<Batch, Integer> {

4.12. RegnumRepository.java

com.acca7005.regnumauction.Database

com.acca7005.regnumauction.Entities.Regnum
org.springframework.data.repository.PagingAndSortingRepository
org.springframework.data.rest.core.annotation.RepositoryRestResource

source (collectionResourceRel
RegnumRepository PagingAndSortingRepository<Regnum, Integer> {




4.13. UsersRepository.java

com.acca7005.regnumauction.Database

com.acca7005.regnumauction.Entities.Users
org.springframework.data.repository.PagingAndSortingRepository
org.springframework.data.rest.core.annotation.Reps toryRestResource

ource (collectionResourceRel path = )
UsersRepository PagingAndSortingRepository<Users, Integer> {

4.14. RepositoryConfig.java

com.acca7005.regnumauction.Database

.acca7005.regnumauction.E
>a7005.regnumauction.Entiti
ringframework.context.annotation.Configuration
pringframework.data. re .core.config.RepositoryRestConfiguration
.springframework.data.rest.webmvc.config.RepositoryRestConfigurerAdapter

itoryConfig RepositoryRestConfigurerAdapter ({

configureRepositoryRestConfiguration (RepositoryRestConfiguration

com.acca’ >s.Batch
com. ac / s . Regnum
com.acca7005.regnumauction.regnum
org.springframework.stereotype. Se

javax.transaction.Transactional




RegnumRepository

RegnumList

InsertRegnums (RegnumRepository regRepo, BatchRepository batchRepo)
= regRepo
Batch ()

batchRepo.save (
generateRegnums (10)
insertIntoDatabase ()

@Transactional
generateRegnums ( loopCount) {
= RegnumlList.get tance ()

i < loopCount; i++) {

GenerateRegNums generateRegNums = GenerateRegNums ()
String regnumString = generateRegNums.toString ()

Regnum regnum = SetRegnumVariables () .setVariables (regnumString)

OffensiveChecker () .isOffensive (regnumString)) {
stem. .println (

.addRegnum (regnum)

insertIntoDatabase ()
(Regnum reg
{

reg.setBatchno (

(Exception e)

generateRegnums (1)
e.printStackTrace ()




4.16. index.html

<!DOCTYPE html>
<html lang="en">
<head>
<meta charset="UTF-8">
<title>Regnum Auction</title>
<link rel="styles
href="https://s h.b strap .com/bootstrap/4.3.1/c bootstrap.min.c
OyRO1XCbMQOv3Xipma34MD+dH/1£Q784/j6¢cY/1JTQUOL /x9JVORXT2MZW1T"
crossorigin="anonymous">
</head>
<body>
<div class="container">
<h1>REGNUM AUCTION</h1>

<div class="row">
<div cla

<div clas cal">
<div id="totalBatchNo" style="padding-bottom: 2%">Number of Batches To Select

<a id="batchTotal"></a>
</div>

<form action="" id="selectBatch" style="padding-bottom: 2%">
Enter Batch Number:
<label for="batchBox"></label><input id="batchBox" type="number" value="0"

<div id="batchButtonDiv">

<input id="batchButton" type="button" value="Load Batch"
onclick="showRegnum() ">
</div>
</form>
<div id="usernameDropdown">
Select Us
<label>

<select name="usernameSelect" onchange="setUser ( 5 ) ">
<option id="userSelectDefault" value="">Select a User:</option>
</select>
</label>
</div>

<div id="startingBidDiv" style="padding-bottom: 2%;">
Starting Bid: £<label for="ste PriceBox"></label><input
type="number"

id="startPriceBox"
disabled
value="0">
</div>

<div id="bidLabel">
<label>Enter Bid: £<input id="bidValue" type="number" name="bid" min="1"
max="1000000"></label>
</div>

<div id="bidButtonDiv">
<input id="bidButton" type="button" value="Place Bid"
onclick="checkBidIsNumber () ">
</div>

<div id="highestBidDiv">
<h3>Winning Bid:</h3>
<label for="highestBid"></label>f<input disabled id="highestBid"
value="0">

<h3>Placed By:</h3>
<label for="highestBidder"></label> <input disabled id="highestBidder"

value="">
</div>

<div id="clockDiv">




<h3>Time Remaining</h3>
<div id="showClock"></div>
</div>

<div id="showWinnerDiv"></div>

<div id="startNextAuctionButtonDiv">
<input id="startNextAuctionButton" type="button" value="Start Next

onclick="location.reload() ">
</div>

<div><label for="userId"></label><input type="text" id="userId" value=""
hidden disabled></div>
</div>
</div>

<div id="batchTable" class="col-6">
<table class="table table-striped table-bordered">
<tr id="tableHeadings">
<th>Regnum</th>
<th>Price</th>
</tr>
<tr id="fieldsl">
<td id="regnumFieldl"></td>
<td id="priceFieldl"></td>
</tr>
<tr id="fields2">
<td id="regnumField2"></td>
<td id="priceField2"></td>
</tr>
<tr id="fields3">
<td gnumField3"></td>
<td eField3"></td>
</tr>
<tr id="fields4">
<td id="regnumField4"></td>
<td id="priceField4"></td>
</tr>
<tr id="fields5">
<td id="regnumField5"></td>
<td id="priceField5"></td>
</tr>
<tr id="fields6">
<td id="regnumField6"></td>
<td id="priceField6"></td>
</tr>
<tr id="fields7">
<td id="regnumField7"></td>
<td id="priceField7"></td>
</tr>
<tr id="fields8">
<td id="regnumField8"></td>
<td id="priceField8"></td>
</tr>
<tr id="fields9">
<td id="regnumField9"></td>
<td id="priceField9"></td>
</tr>
<tr id="fieldslO0">
<td id="regnumFieldl0"></td>
<td id="priceFieldl0"></td>
</tr>
</table>
</div>
</div>
</div>

<script src="https://ajax.googleapis.com/ajax/libs/jquery/3.4.0/jquery.min.js"></script>

<script src="indexJS.js" type="text/javascript" language="JavaScript"></script>
</body>
</html>




4.17. indexJS.js

username =

() |
showUsers ()
) o
startCountdown ()
S (

displayNumberOfBatches ()

displayNumberOfBatches () {

totalBatches =

xmlHttp XMLHttpRequest ()

xmlHttp. = () |
( 5 == && o ==

batchObject = JSON.parse (xmlHttp.
( i = i < batchObject. embedded.batch.
totalBatches++

) [O0]. = totalBatches

xmlHttp.open (
xmlHttp.send ()

showRegnum (batchNo) {
(batchNo == ) |
batchNo = $(

price total
xmlHttp XMLHttpRequest ()
xmlHttp. 0 |
( . &6&
batchObject JSON.parse (xmlHttp.

( i i < it+) |




(batchObject. embedded.regnum[i].i
alert (

}

price = batchObject. embedded.regnum[i].price

document.getElementById ( + (i +
batchObject. embedded.regnum[i].regnum

document.getElementById (
total += price

) [0].

xmlHttp.open (
xmlHttp.send ()

{

showUsers () {
xmlHttp = XMLHttpRequest ()
xmlHttp. () A
( c &&
users = JSON.parse (xmlHttp.

i < users. embedded.users.
) .after (
i]. t
users. embedded.users[i].

xmlHttp.open (
xmlHttp.send ()

checkBidIsNumber () {
bid = $¢( ) |
(isNaN (parselInt (bid))) {
alert (

[

}
checkBidIsGreater (bid)

checkBidIsGreater (bid) ({
currentBid = parseInt ($(
startPrice = parselnt ($(
(bid <= startPrice) {
alert (

(bid > currentBid) {
setHighestBid (bid)
{

alert (

)) .




setHighestBid (bid) {
(username === | | username
alert (

[
1

setUser (user) {
username = user

startCountdown
oneSecInMilli
oneMinInMilli

oneHourInMilli =

countdown =

deadline Date () .getTime () + countdown * oneMinInMilli

interval = setInterval ( () {
currentTime = Date () .getTime ()
timeRemaining = deadline - currentTime

minutes = Math.floor ((timeRemaining % oneHourInMilli) / oneMinInMilli)

seconds Math.floor ((timeRemaining % oneMinInMilli) / oneSecInMilli)

) [0] . winutes + + seconds +

(timeRemaining <= 0) {
clearInterval (interval)
S( ) [0].
showWinner ()
}
oneSecInMilli)




showWinner ()
winner = $(
bid = $¢(
batchNo = $(

| | winner ==

) [0].

) [07. =
+ batchNo +
bid +
updateWinningUser (winner, batchNo)
getRegnumsForUpdate (batchNo)

) [0].

updateWinningUser (winningUser, batchNo) {
getUserId(winningUser)
userid = $( ) [0].

xmlHttp = XMLHttpRequest ()

xmlHttp.open ( url +
xmlHttp.setRequestHeader (
xmlHttp. =

(xmlHttp. ===
console.log (xmlHttp.

data = + userid +

xmlHttp.send (data)

getUserId(winner) {

user = -

xmlHttp XMLHttpRequest ()
xmlHttp. =

( . === &6

users = JSON.parse (xmlHttp.

+ winner +

( i = i < users. embedded.users.

(winner === users. embedded.users|
user = parselnt (users. embedded.u

) [0].

}

xmlHttp.open (
xmlHttp.send ()

i].
sers[i]

i++) |
) o

.userid)




getRegnumsForUpdate (batchNo) {
xmlHttp = XMLHttpRequest ()
xmlHttp. = 0 A
( . === & & . ===
batchObject = JSON.parse (xmlHttp.
( i= i< i++) {
regnumid = parselnt (batchObject. embedded.regnum[i].regnumid)

updateRegnumAvailable (regnumid)

}
}
xmlHttp.open (
xmlHttp.send ()

updateRegnumAvailable (regnumid) {
xmlHttp = XMLHttpRequest ()

xmlHttp.open ( url + regnumid
xmlHttp.setRequestHeader (
xmlHttp. = () A

(xmlHttp. === && xmlHttp.
console.log (xmlHttp. )

data =
xmlHttp.send (data)

SQL Commands

users

userid pk

batch

batch batchno pk

batch userid fk

regnum

regnum_regnumid pk
regnum_batchno fk batch (
regnum_ regnum unique




The SQL commands will create the necessary tables to allow the program to run correctly, providing
they are in a database named regnumauction.

Due to the nature of the implementation, users will have to be inserted into the users table and can
be done so with the following INSERT INTO commands.

4.19. Application.properties

* represents the password for the server that the renumauction database is held in.



