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Abstract
To develop and deploy a web-based REST application that permits users to bid on automatically generated licence plates: Whilst providing a systematic understanding of web application processes and technologies. 
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[bookmark: _Toc8128060]Introduction

Web-Enabled applications have become to dominate the industry, allowing other technologies or persons to interact with remote systems. Whether this be through intranet or internet, web-based technologies play an integral part in modern day society.
As developers it is of the upmost importance to understand what these services are and how they are built and managed alike: As well as this, understanding what these web applications are built upon is also, hugely important, such as the World Wide Web. 
This report will look to produce one such Web-Enabled application, further providing research into technologies such as REST and Serverless as well as discussing the importance of design patterns such as the Circuit Breaker Pattern.  
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1. [bookmark: _Toc8128061]Chapter One

Producing a REST Web Application using the Spring Framework. 
1.1 [bookmark: _Toc8128062]REST & Spring Boot

REST or Representational State Transfer provides us with a web architecture for the development and designing of loose coupled, scalable web services. REST is a Resource based technology, this means when we are looking to distinguish our RESTful service, we are creating and managing resources, such as a Person resource a Licence Plate resource or an addressable resource. Importantly, we can see these resources being identified by URIs or a Uniformed Resource Identifier, something in which is used to identify a resource. 
It’s important to understand that REST although not exclusive to, does standards such as HTTP and as such can use HTTP request methods to perform CRUD or otherwise Create, Read, Update and Delete operations such as POST and GET. Importantly other standards such as JSON and HTML, are also utilised by REST. something that will be used within the application presented with this report. 
1.2 [bookmark: _Toc8128063]REST & Spring Boot Application

The following sections of Chapter One will illustrate the REST application as well as provide brief overviews as to their parts to play in the entire application. *** Notes will be provided in the appendix for guide on technical steps needed for testing/using this application.  ***
1.2.1 [bookmark: _Toc8128064]REST & Spring Boot Application | Home

Our REST web service comprises of a home, auctions, account and login endpoint. Below we can see our home endpoint.
[image: ]
[bookmark: _Toc8124933]Figure 1: REST Home
Once a user has visited the webservice, they can continue to and are prompted to, create an account in order to place bids on active auctions. 
1.2.2 [bookmark: _Toc8128065]REST & Spring Boot Application | Auctions

[image: ]
[bookmark: _Toc8124934]Figure 2: REST Auctions
Active auctions will be presented via the Auctions REST endpoint, if no auctions are currently available this page will not show any auctions, and ended auctions are removed from the endpoint. Users that are not logged into the web service will not have access to the View Auctions endpoint.  
1.2.3 [bookmark: _Toc8128066]REST & Spring Boot Application | Account

[image: ]
[bookmark: _Toc8124935]Figure 3: REST Account
Users can create an account using the REST web service. These details along with all data that is processed is stored in a postgresql database. Once a user has created their account they can progress onto logging, viewing and making bids on licence plate batches. 

1.2.4 [bookmark: _Toc8128067]REST & Spring Boot Application | Login

[image: ]
[bookmark: _Toc8124936]Figure 4: REST Login
Restricted endpoints will redirect users to the login endpoint if they are not logged into the system. Although users sign up with a username as well as an email, the login only accepts email as a form of verification. A username was implemented due to wanting to ensure that no bidders could see other user emails. 

1.2.5 [bookmark: _Toc8128068]REST & Spring Boot Application | Active Auctions

[image: ]
[bookmark: _Toc8124937]Figure 5: REST Active Auctions
Once a user has logged in, they can now view active auctions. This further allows them to see the licence plates and further make a bid on them. Once auctions have ended an email is sent to the winning bidder, allow them to be notified of their success. 

1.2.6 [bookmark: _Toc8128069]REST & Spring Boot Application | Admin

[image: ]
[bookmark: _Toc8124938]Figure 6: REST Admin
The admin endpoint allows for the generation of auctions, their end time and date as well as the addition of any words deemed to be unsuitable. This endpoint is purposely not on the web application as to further illustrate how it can be apart of the same web service but hidden or even restricted from unwanted users. Furthermore, the generation of licence plates is performed on its own endpoint, as such, once a place has been successfully generated the GeneratePlates endpoint will be navigated to. 

1.3 [bookmark: _Toc8128070]REST & Spring Boot Application Data Model

[image: ]
[bookmark: _Toc8124939]Figure 7: ERD

2. [bookmark: _Toc8128071]Chapter Two

Implementation of RESTful web services & how this reports application, adheres to that. 
2.1 [bookmark: _Toc8128072]REST Best Practice

The two most common frameworks in which we can use to implement our RESTful service is that of Spring and JAX-RS. But before we begin to look at how these can be used to implement our REST service lets first introduce principles that REST is built upon. Roy Fielding first introduced the idea of REST in his PhD Thesis and in it suggested that the architecture revolved around a number of principles [2].
2.1.1 [bookmark: _Toc8128073]REST Best Practice | Principles

Uniform Interface
As touched on in Chapter One, at the heart of REST are resources. These resources are identified using URIs or Uniformed Resource Identifiers. Although REST does not specify a format for its resources, typically we see the inclusion of both JSON and XML.

Client-Server
RESTs client-server model allows for separation of concerns, such as user interaction or user state management, from that of server concerns such as data storage and scalability [2]. What this means is that development of both server and client can be done independently of each other, thus reducing complexity.

Stateless
REST supports statelessness. As such the clients state is not stored on that of the server. Rather, information needed to execute any operations is contained within the requests themselves such as HTTP, request body or URI. We can see our application as Stateless as requests to the service require no knowledge of what’s in our database, other than that of table names.

Cacheable 
A REST webservice must allow for caching. As such, clients use cached responses instead of contacting the server. Interestingly, we see that due to the utilisation of HTTP, all caching properties that HTTP offers is inherited by that of REST. 

Layered System
Clients are unaware of specific server in which they interact with, as such this further allows intermediate servers that can handle security or provide load-balancing capabilities [2].

2.1.2 [bookmark: _Toc8128074]REST Best Practice | Spring

Since REST services are built upon URIs, Spring is a common, if not the most popular framework for the implementation of REST endpoints. We can see why this is to be true, as annotations offered by spring, such as org.springframework.web.bind.annotation.RequestMapping provide us, as developers, with the basis of what is required for mapping URLs. 

2.1.3 [bookmark: _Toc8128075]REST Best Practice | Implementing REST

Now that some ground has been covered into REST, we can start to begin to look at best practice when looking to implement a RESTful web service. 

@RestController 
We have already denoted that REST is built upon resources and representing these resources as URIs. As such when creating REST endpoints, we denote them with the @RestController annotations, such as:
[image: ]
[bookmark: _Toc8124940]Figure 8: @RestController
It is important to note that while REST does not specify what patterns need implementing, using the MVC or Model View Controller pattern is a natural fit, as we want to expose our resources or model through a controller and the view in the case of the presented application being that of HTML, as we are translating that of our POJO through Thymeleaf into HTML. We can gain access to these annotations by the importing of libraries such as:
import org.springframework.web.bind.annotation.RestController;

Furthermore, one might expect to see these named as NumberplateController or EndpointsController, however, due to the REST architecture styles core concepts revolving around resources, using the Resource suffix embodies the REST principles more appropriately [2].  
@RequestMapping
So, we have a controller but, as this is a web service one needs to consider how to handle requests that are made to the controller and its endpoints. For this we need to use the @RequestMapping annotation. This allows us to map incoming requests to our classes endpoints, methods and other code [2].

HTTP Method Mapping
We can also look to specify what HTTP methods we want to map to our endpoints. This ensures that no other HTTP methods map to methods that we don’t want it to such as:
[image: ]
[bookmark: _Toc8124941]Figure 9: @RequestMapping & HTTP Method Mapping

Request Parameter Mapping
Another useful mapping is that of the @RequestParam. This parameter allows us to map HTTP queries to Java method attributes. We can illustrate this in the Licence Plate application through the following:
[image: ]
[bookmark: _Toc8124942]Figure 10: @RequestParam

Above illustrates how we can use the @RequestParam to query our data. The code for this is as follows:
[image: ]
[bookmark: _Toc8124943]Figure 11: @RequestParam Method

Repository Pattern
Best practice also encompasses that of ensuring that you can map your objects to a database. It’s difficult to determine best practice here as it largely depends on the needs of your application. We can see that there are patterns such as DTO or Data-Transfer-Object that are similar to that of the Repository Pattern with slight variations. 
The Repository Pattern has been utilised in this RESTful application and can be seen implemented as follows:
[image: ]
[bookmark: _Toc8124944]Figure 12: Repository Pattern Implementation
An important note to make in the above is that of the use of @RepositoryRestResource. This annotation allows us to create a HATEOAS or Hypermedia as the Engine of Application State service with Spring JPA. By ensuring that this annotation is added and linked to your POJO or Plain Old Java Object, we afford ourselves with a fully functional HATEOAS service. Furthermore, we see HATEOAS as being considered to be the final level of REST [5]. 



Thymeleaf
Earlier we spoke about the use of Thymeleaf to help us represent our applications model as HTML. Thymeleaf is otherwise a server-side Java template engine for web environments [6]. Furthermore, it has modules built into the Spring Framework, making it perfect for representing our model data in our HTML frontend. 

@Entity | Serializable 
We also adhere to REST best practice by interfacing Serializable. This allows us to convert our POJO into JSON which allows our models to be read and processed more easily when passed through our endpoints and into our database. 
[image: ]
[bookmark: _Toc8124945]Figure 13: Serializable
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3. [bookmark: _Toc8128076]Chapter Three

Serverless technologies, their importance to web hosting and introducing the Circuit Breaker Pattern.
3.1 [bookmark: _Toc8128077]Serverless Technology

Serverless computing or otherwise Function as a Service, FaaS, is event-driven and although still vague and disputed in its meaning, boils down to a cloud architecture that relieves organisations of the need to worry about how their servers are managed and maintained. This means that the cloud provider has complete management over the container the functions run on as necessary to serve requests [4]. This allows developers to write and deploy code without the need to consider or rather worry about, infrastructure, setup or environment concerns, further allowing for the speed of development to rapidly increase. 

[image: ]
[bookmark: _Toc8124946]Figure 14: Serverless Management Considerations [4]
Above further illustrates the potential impact on using FaaS rather than traditional IT approaches. We can see how this may be impactful on organisations that produce large amounts of web services, by outsourcing these topics to third party vendors, this can be hugely beneficial to an organisation. Let’s break down the benefits this can have in more detail:  


3.2 [bookmark: _Toc8128078]Serverless Technology

Rapid Development | Deployment
Due to infrastructure being handled by that of the cloud provider, both development and deployment become much quicker. Developers become solely responsible for writing and maintaining their own application, whereas they otherwise would have had to consider server side setup configurations. Importantly we can also see providers such as Amazon AWS or Microsoft Azure providing function templates that can be used to create an executable piece of code immediately [4].
Ease of Use
One major benefit to that of Serverless technologies is that of the ease of use. Little time is spent on the beginning steps of a programming project. 

Cost
Serverless cloud solutions offer charges for services based upon your execution, rather than the running of entire applications for set premiums. This means that that you pay for exactly what you use, rather than paying for a service that may be used infrequently and is subsequently not worth its entire cost. 
[image: ]
[bookmark: _Toc8124947]Figure 15: Serverless Cost
Above outlines the costs, note this may have changed since the release of the source that produced this figure. 

Scalability
Due to the outsourcing of Serverless solutions to cloud, scalability related uses are immediately reduced if not entirely erased. Money, time and analysis of scaling related considerations is done on behalf of the service provider. 



3.3 [bookmark: _Toc8128079]Case Study

Case Study | Netflix
Netflix is one case study that shows how a global leader in streaming services, decided to use Serverless architecture in order to automate their encoding process of media files as well as validation of backup completions and instance deployment [4]. 
Furthermore, Netflix was able to achieve this by creating trigger events to Lambda functions, again something in which is through the cloud provider themselves. 

3.4 [bookmark: _Toc8128080]Serverless Drawbacks

Drawbacks
There are however, like everything, drawbacks or limits to the use of Serverless. 
· Wanting to control your own infrastructure.
· Avoiding of vendor lock-in. 
· Concerns over “Cold Start” effects.

Controlling Infrastructure
Although this can be seen as a drawback, this isn’t entirely the case. This is because developers are actually still able to choose the type of, or level of infrastructure that they require: Such as determining of memory, runtime and timeouts [4]. So, although providers do indeed maintain a level of control over infrastructure, the choice does still fall in the consumers hands. 

Vendor Lock-In
One of the major concerns with Serverless is that of vendor lock-in. Committing to the use of things such as Lambda may concern some as one might think they are committing to AWS, thus making a switch to other cloud providers more difficult. However, it does appear that there are ways in which this can be overcome. A popular and preferred strategy is to pull the cloud provider logic out of the handler files so it can easily be switched to another provider [4]. This strategy seems to be hinged around the use of serverless-framework.com and can be illustrated as:
[image: ]
[bookmark: _Toc8124948]Figure 16: Cloud Provider Abstraction Logic
The above illustrates how logic can be produced that allows abstraction away from that of the FaaS providers logic by the creation of in-house classes and is otherwise considered to be a strategy for avoiding that of vendor lock-in [4]. 
Above illustrates how one can remove cloud provider logic from event handlers to avoid vendor lock-in. This also appears to make applications more flexible to that providers. 

“Cold Start”
Another concern for that of Serverless approach is that of a “Cold Start”. This appears to be concerns over functions that could take longer to trigger or respond after periods of inactivity. Like all other draw backs though, it does appear that there is action that can be taken against such a concern. This solution comes in the form of a scheduler: This calls your function at short time intervals to effectively, wake it up, ensuring that it stays responsive. AWSs solution to this is their CloudWatch option, which allows for scheduling to occur. 

3.5 [bookmark: _Toc8128081]Circuit Breaker Pattern

Todays web service landscape can put even the most reliable services under enough pressure that it eventually falls over. A major reason as to why this should not be ignored, and rather embraced is that web services of today, are likely to have other dependant services that rely on one another. Furthermore, one of these services falling over can cause cascading failures, further effecting all other services. As such an application should be able to detect whether it is worth retrying calls over and over.
[image: ]
[bookmark: _Toc8124949]Figure 17: Circuit Breaker [1]
Above illustrates how the circuit breaker states may work. In order to implement this pattern, we can use the Circuit Breaker Class which is built into many programming languages such as Java and C#. We can emulate the circuit breaker in use by creating 2 restful endpoints: When live, and calls to resources are successful, we should have the full resource returned, if not, we can see how a placeholder can be put in place whilst the connection error resolves itself, such as:
[image: ]
[bookmark: _Toc8124950]Figure 18: Circuit Breaker Pt.1

[image: ]
[bookmark: _Toc8124951]Figure 19: Circuit Breaker Pt.2

The above shows two services communicating over a REST endpoint. We can firstly see that our resource is alive with no drops, however, using Netflix’s Hystrix fault tolerant library, we can not only apply a Circuit Breaker to our services, we can allow our microservice to continue to operate when its related service fails: Preventing the failure from cascading and giving the failing service time to recover [3]. 
It is essential for one to understand how the Circuit Breaker pattern can be utilised with web applications. Ensuring that we don’t allow cascading failures across our services and interdependent services is essential to keeping our web service application live, and responding.  
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[bookmark: _Toc8128082]Conclusion 

This report looked to present topics such as REST web services and what techniques and best practices can be applied to the process of building such applications. It is clear to see why REST is such a popular architectural style amount web service application, such as the idea of everything as a resource. 
Serverless technologies were introduced, providing an insight into how technologies are being utilised. We found that Serverless was able to provide huge advantages to organisations looking to outsource their infrastructure, providing them with pay for what you use schemes. This further allows for rapid development and deployment of services and less concerns over hardware overheads.
The Circuit Breaker pattern was introduced and provided an understanding as to how we can put in mechanisms to protect our services from resulting in cascading failures: Being able to protect services and others that rely on those services is an important aspect of a web application and something that needs careful consideration.    
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Applicational Notes

[image: ]
When looking to test the application, consideration should be made to the way in which users are notified of their successful auction bid. Above we can see that a restnumberplat@gmail.com account has been created with an attached password. Either this account or another one can be used, however if you choose to create another sending account, this will need to be added in the above. 
Furthermore, currently the emails will only be sent to Google Mail accounts, and as such, one should be aware that when creating an account through the application, that this should be done with a valid Google Mail account. 

Consideration should also be given to the order in which the SQL is executed to create the tables. Due to foreign key dependencies, creating the tables without for keys first should suffice. 
Consideration should also be given to the use of the application. Once running on localhost, the tester should navigate to the /admin endpoint and use the fields there to generate licence plates. Please note that rude words should only be added one at a time and are not added by using the submit button.


Application Database SQL

CREATE TABLE Numberplate
(
numberplateid SERIAL NOT NULL,
plateregion VARCHAR(2),
regletters VARCHAR(3),
numberplateyear INTEGER,
regyy INTEGER,
numberplate VARCHAR(7),
batchid INTEGER,

CONSTRAINT Numberplate_numberplateid_pk PRIMARY KEY (numberplateid),
CONSTRAINT Numberplate_batchid_fk FOREIGN KEY (batchid) REFERENCES Batch (batchid)
);

CREATE TABLE Users
(
userid SERIAL NOT NULL,
useremail VARCHAR(30),
username VARCHAR(15),
password VARCHAR,

CONSTRAINT Users_userid_pk PRIMARY KEY (userid)
);

CREATE TABLE Batch
(
batchid SERIAL NOT NULL,
batchregion VARCHAR,

CONSTRAINT Batch_batchid_pk PRIMARY KEY (batchid)
);

CREATE TABLE Auction
(
auctionid SERIAL NOT NULL,
batchid INTEGER,
highestbid FLOAT,
userid INTEGER,
endtime VARCHAR,
status VARCHAR,

CONSTRAINT Auction_auctionid_pk PRIMARY KEY (auctionid),
CONSTRAINT Auction_batchid_fk FOREIGN KEY (batchid) REFERENCES Batch (batchid),
CONSTRAINT Auction_userid_fk FOREIGN KEY (userid) REFERENCES Users (userid)
);

CREATE TABLE Bid
(
bidid SERIAL NOT NULL,
auctionid INTEGER,
userid INTEGER,
bidtime VARCHAR,
bidamount FLOAT,

CONSTRAINT Bid_bidid_pk PRIMARY KEY (bidid),
CONSTRAINT Bid_auctionid_fk FOREIGN KEY (auctionid) REFERENCES Auction (auctionid),
CONSTRAINT Bid_userid_fk FOREIGN KEY (userid) REFERENCES Users (userid)
);

CREATE TABLE Invalid 
(
invalidid SERIAL NOT NULL,
invalid VARCHAR(3),

CONSTRAINT Invalid_invalidid_pk PRIMARY KEY (invalidid)
);	
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CHAPTER 1 UNDERSTANDING SERVERLESS COMPUTING 5]

technology ed, so it is good to study the concept in a little more
also heard about Iaa$ (infrastructure as a service), PaaS (platform as a service), and
vice) as cloud computing service model

Taa$ provides you with computing infrastructure, physical or virtual machines and other resources like
virtual-machine disk image library, block, and file-based storage, firewalls, load balancers, IP addresses,
and virtual local area networks. An example of this is an Amazon Elastic Compute Cloud (EC2) instance.
PaaS p: you with computing platforms which typically includes the operating system, programming
language execution environment, database, and we Some examples include AWS Elastic Beanstalk,

and Heroku. Saa$ provides you with ac to application software. The installation and
setup are removed from the process and you are left with the application. Some examples of this include
Sale: and Workday.

Uniquely, Faa$ entails running back-end code without the task of developing and deploying your own
server applicat: tems. All of this is handled by a third-party provider. We will discuss th:
later in thi ion. Da

itectural trends we have di

Faas

10000006
10000000
UL

) YouManage

@ Provided as a Senvice

Figure 1-2. What the developer manages compared to what the provider manages in different architectural

omputing doesn’t require servers. This is actually incorrect.
vers; the difference is that a third party is managing them instead of the

is, we will use an example of a traditional three-tier system server-side logic and
ing serverless architecture.
Let's say we have a website v v arch for and purchase textbooks. In a traditional
architecture, you might have a client, a load-balanced server, and a database for textbooks.
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The solutions to these problems come from different sources.
The first. two issues can be solved with patterns from highly-
available systems, the third by using discovery and deploy
ment, mechanisms studied for SOA. Furthermore, many of
such solutions are aimed at specific applications and are pro-
vided by different vendors (e.g., the API gateways by Ama-
zon [1] and Neiflix [32]). Differently, our aim in this work
to discuss the principles behind the respective solutions for
these problems. Our main contribution is a homogeneous
overview of a set of common solutions that, microservices
developers should be aware of, equipped with novel insight
related to their specific applications to microservices. We
also demonstrate how the solutions that carry novelty in the
ing of microservices can be prototyped using constructs
developed for service composition in Jolie (26], a native mi-
croservice programming language [20]. This is useful both
a5 & reference and as an evaluation of Jolie itself

Structure of the paper. We start our investigation from
the pattern of circuit breaker, which deals with the first two
issues given above (§ 2). While eircuit breakers are typically
employed client-side, we observe that they can be useful also
at other locations, and develop a Jolie prototype that can
be transparently reused regardless of where it is located.
We proceed by reporting on service discovery, which deals
with the third and discuss briefly two main strategies:
client- and server-based discovery (§ 3). Our survey ends
with a discussion of API Gateway, a pattern for the rapid
deployment of new APls in MSAs (§ 4). Related work is in
§5. We report on conclusions and future work in § 6.

2. CIRCUIT BREAKERS

Civen enough incoming requests, even the most reliable of
services will eventually exhaust its capabilities and fail. Fail-
ure in an MSA is inevitable, and should be embraced with
precaution rather than ignored. What makes matters com-
plex is that, in an MSA, a failing service probably has other
services that depend on it. What happens if our failing
vice becomes unresponsive? If we do not properly plan for
this event, we risk all the other services that rely on it to
become unresponsive, too. This is called a cascading failure.

The circuit breaker pattern is aimed at preventing the fail-
ure of a single component to cascade beyond its boundaries,
and thereby bring the entire system down with it. The motto
here is to fail fast: when a service becomes unresponsive, its
invokers should stop waiting for it, assume the worst, and
start, dealing with the fact that the failing service may be
unavailable. Thus, circuit, breakers contribute to the stabil-
ity and resilience of both clients and limit
their waste of resources on trying to access unresponsive sei
vices, and overloaded services are given a chance to recover
by finishing some of the tasks they are currently processing

rvices: clien

Conretely, a circuit breaker works by wrapping calls to-
wards a target service and monitoring their failure rates.
The idea is that when the target service becomes too slow
or replies too often with faults, the circuit breaker will trip
and future invocations from the client will immediately re-
turn & fault. meeting More specifically, the pattern can be
implemented as a finite-state machine, depicted in Figure 1.
We describe these states in the following

Jail fast

trip breaker
[threshold reached)

attempt
reset

half-open

Figure 1: Circuit Breaker State Diagram.

Closed: Requests are passed to the target service. Faults
caused by the requested operation such as exceptions
or timeouts increase the circuit breaker’s respective
failure and timeout counters. Should these counters
exceed a specified threshold, or should another pre-
defined criteria be met (e.g., a particular fault was
raised), the breaker is tripped and transitions into the
open state.

Open: Requests are not passed to the target service. In-
stead, a failure message is immediately given to the
client as reply. Potential fallback mechanisms can be
called to handle the failure. The circuit breaker can
transition from the open to the half-open state, either
by periodically pinging the service to check for when it
becomes responsive again, or afier a specified amount
of time.

Half-Open: While in this state, a limited number of re-
quests are allowed through to the service. Provided
that the target service sends back successful replies,
the circuit breaker is reset back into the closed state,
and its failure and timeout counters are reset. Should,
however, any of the requests fail while in the half-open

state, the circuit breaker transitions back into the open

state.

The state transitions for circuit breakers are generally con-
trolled by a set of parameters, which typically includes those
described in Table 1

Deployment.

One of the most famous implementations of circuit break-
ers is provided by the Hystrix library [30], which allows to
wrap Java code in a procedure that will be controlled by a
circuit breaker. The idea is that the circuit breaker is used
directly inside of the client. Here, we make the (novel) ob-
servation that it makes sense to deploy a circuit breaker also
in other places than just inside of clients. Specifically, circuit
breakers may also be introduced on the side of services, or
in proxies that operate between clients and services. Each
stratogy has its own advantages and disadvantages. There-
fore, we envision that practical applications should combine
them. We start from the standard strategy of client-side
circuit. breakers, for reference, and then move to the other
ones.

Parameter | Example Value Explanation
allTO 205 Timeout the client request after 20 seconds Without & response from the server
rollingWindow 605 ‘monitor errors over a rolling window of 60 seconds
tripThreshold 5% open the circuit if the error rate gets > 5%
resetTO 305 attempt to reset the circuit after 30 seconds of opening the cireuit
Table 1: Example of Circuit Breaker Parameters
request Sy executeCall

Client 1
browser

requestSh

Figure 2: Client-side Circuit Breakers.

Client-side Circuit Breaker. The first deployment strat-
eov is 1o Dlace cirenit breakers directly within clients. as de.

request

request

Jail fast

Service-side Circuit Breakers.

Figure

interesting aspect here is that the service can see aggregate
information about its responsiveness that encompasses re-
quests from al clients. A possible application is to develop a
cireuit breaker that throttles requests to temporarily lighten
the load on the service.
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public class Mail {
public static Mail mailInstance = null;

private Mail(){

public static Mail instance(){

if (maillnstance == null){

mailInstance = new Mail();

return maillnstance;

V.
public void sendEmail(String emailAddress, String content) throws AddressException, MessagingException, IOException {

the Follow

props.put("mail.smtp.autl "true

props.put("mail.smtp.starttls.enable”, "true");

props.put(“mail.smtp.host", "smtp.gmail.com");

props.put("mail.smtp.port”, "587");

ession

Session session = Session.getInstance(props, getPasswordAuthentication() » {

return new PasswordAuthentication( useName: "restnumberplateggmail.com”, password: "Passwordg123"

Message msg = new MimeMessage(session);

msg.setFrom(new InternetAddress("restnumberplate@gmail.com”));

msg.setRecipient(Message.RecipientType.T0, new InternetAddress(emailAddress, strict: false));

msg.setSubject("Auction Winner!");
msg.setContent(content, type: "text/html");

msg.setSentDate(new Date());

MimeBodyPart mimeBodyPart = new MimeBodyPart();

mimeBodyPart.setContent(content, type: "text/html*);

Multipart multipart = new MimeMultipart();

multipart.addBodyPart(mimeBodyPart);
msg.setContent(multipart);

Transport.send(msg);
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