Spring REST with JPA
In this tutorial, we’ll investigate how to access a database through a Spring REST service.  This is an extremely common use case for REST services – so much so that the most modern approaches to REST implementations do not require you to write queries or even their specific REST implementations.  As such, in this lecture, we’ll be looking specifically at how we can access a REST service using the Java Persistence API (JPA).
Prerequisites
Everything from last session (refer to previous tutorial if necessary).
A working, accessible, PostgreSQL database which you can administer.
Important note
This tutorial assumes that you’re using Spring Boot 3 (released November 2022). The DVLA may not yet have migrated to this. For  Spring Boot 2, PagingAndSortingRepository extends CrudRepository, so you do not need to inherit from both.
Configuring the database
I have created a database named “universitydata” in my PostgreSQL server. You should do the same. Consider creating an account you can access just this database with. Make sure it can, create tables.
Make sure you figure out how to connect to the database server. Consider the connection string we used in semester 1 – it should be very similar. Note that we haven’t created any tables…
Configuring the project
Create a new Spring Initializr project.  I called mine studentdb, but it doesn’t matter much.
Select:
· JPA
· PostgreSQL
· Web
· Rest Repositories
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application.properties
You’ll find this file under Other Sources -> src/main/resources -> <default packages>
We’ll write the following:
spring.datasource.url=YOURCONNECTIONSTRING
(mine is jdbc:postgresql://fenrir:5432/universitydata)

spring.datasource.username=YOURUSERNAME
(mine is dvlauser)
spring.datasource.password=YOURPASSWORD
(mine is abc123)

spring.jpa.database-platform=postgres
spring.jpa.properties.hibernate.dialect=org.hibernate.dialect.PostgreSQLDialect
spring.jpa.properties.hibernate.format_sql=true
spring.jpa.show-sql=true
spring.jpa.open-in-view=false
spring.jpa.hibernate.ddl-auto=create

These properties are:
spring.datasource.url: the jdbc url to the datasource.  universitydata is the database name.
spring.datasource.username/spring.datasource.password: the credentials to log in to your database.  Make sure this account has sufficient privileges, especially to create tables.
spring.jpa.database-platform: the platform to be used in the Data Definition Language (DDL) and Data Manipulation Language (DML), tied to the specific database implementation – postgres.
spring.jpa.properties.hibernate.dialect: the language form of Hibernate we’ll use[footnoteRef:1] - again, postgres. [1:  Hibernate is an ORM – in this case, the implementation of JPA.  Of particular note, you may want to read about object-relational impedance mismatch, which Hibernate handles for us.  Crucially, here, it’s useful to convert between the Java LocalDate and PostgreSQL datetypes.] 

spring.jpa.show-sql: dumps the SQL being automatically generated to standard out (likely the console in the IDE) for debugging purposes. Turn this off for running services! This is not an effective logging mechanism – but does allow us, while learning, to understand what the service is doing.
spring.jpa.properties.hibernate.format_sql: more nicely formats the displayed SQL from above.
spring.jpa.open-in-view: Open Session In View (OSIV) can result in some undesirable nastiness in the data layer, potentially causing significant and difficult to detect performance issues. Should be disabled by default, but mystifyingly isn’t.
Student class
We’ll start by taking the Student.java class we created last lecture.  Add this to your project.
We’ll modify it by:
· Implementing the serializable class.
· Adding an id attribute, annotated as @Id (indicating that it’s a database ID) and @GeneratedValue, indicating that we expect this value to be provided for us rather than by us.
· Getter/Setter methods for the new id attribute.
· A range of appropriate constructors for this class.
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GenerationType.IDENTITY indicates that this is a primary key and will be assigned values accordingly.  In this case, an incrementing value from 1.
By implementing java.io.Serializable, we include functionality to stringify the objects created by this class – allowing them to be transported, especially across a network.  Note that if you want to ensure an attribute isn’t serialised, you can tag it “transient”, e.g. private transient int myInt;
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You’ll recall from last session that we provide a method of setting the dob through a String because it is considerably easier to serialise/unserialise from json this way.
StudentRepository class
This class describes a huge amount about how our REST service works and interacts with our database in effectively no user-written executable code.
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Believe it or not, this is it – a complete implementation of the REST service to write to a database.  So, clearly there’s a phenomenal amount going on here – the concepts go a very long way beyond the implementation.  To break this down:
@RepositoryRestResource is a mechanism of implementing all of the available REST endpoints – GET, POST, PUT, DELETE etc.  Specifically, it implements the “Hypermedia As The Engine Of Application State” (HATEOAS) architecture, which notably includes a link in its responses, allowing a client and server to interact with effectively no knowledge of one another’s implementations.  You’ll nearly always see HATEOAS transferring json, but it can equally be XML (the specification does not require a particular format).
So, while last week, we used @RestController to define our own endpoints, @RepositoryRestResource defines them for us.  There is a third option - @BasePathAwareController which is rarely used and exists between the two.  Look into the nuance of these three for further reading.
“path” is the location to which this REST repository will be exported (i.e. http://localhost:8080/student).
“collectionResourceRel” is the name of a collection of the objects we are working with.
“itemResourceRel” (not used here but inferred) is the name of one of the objects we are working with.
Repositories are an abstraction to the datasource, varying functionality by which repository we decide to implement.  The choices are:
CrudRepository – the standard set of Create, Read, Update, Delete, indexed by an id field.
PagingAndSortingRepository – extends CrudRepository, allows us to sort or page our data and write custom stub queries.
JpaRepository – extends PagingAndSortingRepository, adds some additional JPA-related functionality like mass-deleting records.
Finally, we specify a “template type” in corner brackets.  In this case, <Student, Integer> - this means that this repository handles Student objects, indexed by type Integer.
So, an awful lot going on here without really writing much code at all.  Test it!  Try each of the operations and note the HATEOAS format returned.
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You should find that all of the REST verbs have been implemented and are successfully writing to/reading from the database.
Navigate to the /student/ endpoint and notice some of the options available to us:
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This gives us the ability to perform some basic sorting/filtering operations on our data.  For example, try:
/student?sort=dob
To get a list of all students from oldest to youngest.
Pagination allows us to break records up.  For example:
/student?size=5&page=0
Will show the first 5 students (ordered by index in this example).
/student?size=5&page=1
Will show the next 5, etc.



Writing custom functionality
Part of the power of the PagingAndSortingRepository is that we can write our own queries or stub queries and have Spring generate the implementation.  For example, add:
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to our repository.
Now navigate to:6
/student/search/findByCourse?course=SEARCH TERM
This is expecting an exact match.
Add a second stub method:
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And test this too.  For example:
/search/findByCourseContainingIgnoreCase?course=engineering
Will return all students who are studying a course which contains the word “engineering” (case insensitive).
We can build a huge range of queries this way, using the Spring/JPA query methods.  This page gives a lot of information about the sorts of queries you can build and how the resultant SQL will be structured.
Sometimes, however, this list of keywords is not sufficient to build more complex queries or approaches to interacting with the service.  As such, if necessary we can write our own.
[image: ]In the HE sector, “mature students” are considered to be those over 21.  Let’s write a query to do this:
This allows us to write a custom query which will perform an action we specify – in this case, finding everyone who’s 21 or older.  If particularly eagle-eyed, you might notice that this is slightly strange-looking SQL… which is because it isn’t.  This is the Java Persistence Query Language (JPQL) which is similar, but certainly not identical to, SQL.  Crucially, just like the rest of the JPA, JPQL is language-agnostic and will map to the various datasources that the JPA will.  
[image: ]Still, if we want to, we can write SQL by setting a parameter, “nativeQuery” to true.
This has the advantage of being able to access functionality which only exists in a specific datasource platform (in this case, I’m using the “age” function which exists in PostgreSQL but not many other DBMSs).  Of course, this comes with a significant cost to portability – if we wrote our code this way, it might only work on PostgreSQL.
So, always default to the JPQL if you possibly can.  Fall back to SQL only if you rely on specific functionality you can’t otherwise access.

[image: ]Often, we need to write queries which include parameters.  We can do this using ?1, ?2, ?3 etc. to access provided parameters in order.  For example:

[image: ]Though we can also use parameter names appended by :, e.g.

Note that % is a wildcard, but we use the concat function to attach it to the name for escape.
Exercises
Easy
Add the functionality to allow the user to search by name.
Medium
Add the functionality to list users who have a birthday today.
Hard
Refactor the code and normalise the database so that, instead of a String for course, the program can store a reference to a new type/table(s).  I.E. you should at least have a “course” table, with each student holding a foreign key to reference it.  You’ll need to consider how this information is dealt with by the service.
Before next week…
· Attempt the easy and medium exercises.  Give some thought to the hard exercise, but don’t spend an excessive amount of time trying to solve it – we’ll be doing this in class next week.
· Refresh your memory on relational databases.
· Foreign keys, types of relation (one-to-one, one-to-many etc.)
· Research type introspection – endeavour to understand its relationship with reflection.
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public Student()
{

1 usage
public Student(String name, String address, LocalDate dob, String course)

{

this.name = name;
this.address = address;
this.dob = dob;
this.course = course;

public Student(String name, String address, String dob, String course)

{

this(name, address, LocalDate.parse(dob), course);
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@RepositoryRestResource(collectionResourceRel = "student", path = "student")
public interface StudentRepository extends PagingAndSortingRepository<Student, Integer>, CrudRepository<Student, Integer> {
+
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< C 0 @ localhost:8080/student/2

"name" : "Lisa Johnson",
"address" : "987 Another Street",
"dob" : "1995-01-03",
"course" : "MSc Applied Computing",
"_links" : {
"self" : {
"href" : "http://localhost:8080/student/2"
1,
"student" : {
"href" : "http://localhost:8080/student/2"
}

}
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"href" : "http://localhost:8080/student{?page,size,sort}",
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List<Student> findByCourse (@Param("course™) String course);
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List<Student> findByCourseContainingIgnoreCase (@Param("course") String course);
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QQuery("select s from Student s where (extract(year from CURRENT_DATE) - extract(year from s.dob)) > 21")
List<Student> findMatureStudents();
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@QQuery(value = "select * from student where EXTRACT (YEAR FROM age (cast(dob as date))) > 21", nativeQuery = true)
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@Query("select s from Student s where lower (s.course) LIKE '%engineering%' D lower (s.name) like lower (concat('%', 21, '$'))")
List<Student> findEngineersByName (@Param("name"”) String name);
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@Query("select s from Student s where lower (s.course) LIKE '$engineering%’' A.ND lower (s.name) like lower (concat('%', :name, '$'))")
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Added dependencies:

Spring Web

Rest Repositories
Spring Data JPA
PostgreSQL Driver
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@Entity
public class Student implements java.io.Serializable

{

2 usages

@Id
@GeneratedValue(strategy= GenerationType.IDENTITY)
private int id;

3 usages

private String name;

3 usages

private String address;
3 usages

private LocalDate dob;
3 usages

private String course;




