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https://openjdk.java.net/projects/amber/

“The goal of Project Amber is to explore 

and incubate smaller, productivity-oriented 

Java language features”
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These individual features stand by themselves but form part of a broader feature arc concerning a better 
treatment of data.

OOP is brilliant at modeling complex entities and processes but less good at modeling plain old data

Many applications today are smaller services that consume and emit data (often untyped plain old data formats 
like JSON)

Balance of power has shifted 

Data-oriented programming
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Algebraic data types (ADTs) are a powerful paradigm from functional programming for describing plain old data

ADTs are built using product and sum types.

Records are nominal product types, e.g. 

• A point is two integers

• A colored point is two integers and a color

Sealed classes are nominal sum types, e.g.

• A shape is a square or a circle

Use records and sealed classes to model the data

Use pattern matching to process this data

Algebraic data types



ADTs are everywhere
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sealed interface JsonValue { 

    record JsonString(String s)                      implements JsonValue { }

    record JsonNumber(double d)                      implements JsonValue { }

    record JsonNull()                                implements JsonValue { }

    record JsonBoolean(boolean b)                    implements JsonValue { }

    record JsonArray(List<JsonValue> values)         implements JsonValue { }

    record JsonObject(Map<String, JsonValue> pairs)  implements JsonValue { }

}

ADTs are everywhere
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JsonValue j;

if (j instanceof JsonObject(var pairs)

        && pairs.get("name") instanceof JsonString(String name)

        && pairs.get("age")  instanceof JsonNumber(int age)

        && pairs.get("city") instanceof JsonString(String city)) { 

    

    // use name, age, city

}

Processing JSON with pattern matching
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Patterns & API design
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Data-oriented programming!



Patterns & API design
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Data-oriented programming!

We’ll return to this topic later!
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Together, these JEPs form the “on–ramp”

Ron will discuss these later!

JEP 512: Compact Source Files and Instance main Methods
JEP 511: Module Import Declarations
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The constructors of a class are responsible for creating valid instances of that class.

With subclassing, the constructors of superclasses and subclasses share responsibility for building valid instances. 
Consider:

class Employee extends Person 

Observations:

• Employee constructor can refer to fields declared in Person

• To maintain safety, we can only allow the Employee constructor to access those fields after the Person 
constructor has finished assigning values to them.

• Integrity principle: Classes get first responsibility for their own fields.

JEP 513: Flexible Constructor Bodies
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Java ensures this safety by requiring that constructors run top down: 

• A constructor in a superclass must run first, ensuring the validity of the fields declared in the superclass, 
before a constructor in a subclass runs.

• For example: Person constructor before Employee constructor

How?

• If you invoke a constructor (super(…) or this(…)) it must be the first thing in the constructor body

• If you don’t, the compiler will insert super() as the first thing in a constructor body

JEP 513: Flexible Constructor Bodies
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class Object { Object() { … } }

class A extends Object { 

    A() { super(); 

        … 

    }

} 

…

class Z extends Y { 

    Z() { super();

        … 

    } 

} 

JEP 513: Flexible Constructor Bodies

Object constructor body

A constructor body

Y constructor body

Z constructor body

…

new Z();
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class Person {

    int age;

    Person(..., int age) {

        if (age < 0)

            throw new IllegalArgumentException(...);

        this.age = age;

    }

    ...

}

class Employee extends Person {

    Employee(..., int age) {

        super(..., age);        // Potentially unnecessary work 

        if (age < 18 || age > 67)

            throw new IllegalArgumentException(...);

    }

    ...

}

Constructors are too restrictive
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class Person {

    int age;

    Person(..., int age) {

        if (age < 0)

            throw new IllegalArgumentException(...);

        this.age = age;

    }

    ...

}

class Employee extends Person {

    Employee(..., int age) {

        super(..., verifyAge(age));        // Inelegant hack 

    }

    ...

}

Constructors are too restrictive



class Person {

    int age;

    void show() {

        System.out.println("Age: " + this.age);

    }

    Person(..., int age) {

        if (age < 0)

            throw new IAException(...);

        this.age = age;

        show();

    }

    ...

}

class Employee extends Person {

    String officeID;

    @Override

    void show() {

        System.out.println("Age: " + this.age);

        System.out.println("Office: " + this.officeID);

    }

    Employee(..., int age, String officeID) {

        super(..., age);        // 

        if (age < 18  || age > 67)

            throw new IAException(...);

        this.officeID = officeID;

    }

    ...

}

Superclass Constructors Can Violate Integrity
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jshell> new Employee(42, "CAM-FORA");
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        show();
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}

class Employee extends Person {
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jshell> new Employee(42, "CAM-FORA");
Age: 42
Office: null
$3 ==> Employee@446cdf90
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What happened?

• Integrity of Employee class has been violated!

• (Even if the field was final)

Item 19 of Effective Java says “Constructors must not invoke overrideable methods”

But nothing in the language to stop this 

Superclass Constructors Can Violate Integrity
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In conclusion:

• Constructor invocation must come first/Top-down execution limits expressiveness of constructors

• Superclasses can violate the integrity of their subclasses

Can we do better?

• More expressiveness

• Defend integrity

• No changes to the JVM 

Constructors
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class Foo {

    Foo() {

        …

        super();

        …

    }

}

JEP 513: Flexible Constructor Bodies

Prologue (limited)

Epilogue (unlimited)
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new Z() call-graph

JEP 482: Flexible Constructor Bodies

Z prologue

Y prologue

Object

A prologue A epilogue

Y epilogue

Z epilogue

… …
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What’s allowed in the prologue?

Approximate answer:

• Any code that doesn’t use the current object being constructed

Flexible constructor bodies
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class Person {

    int age;

    Person(..., int age) {

        if (age < 0)

            throw new IllegalArgumentException(...);

        this.age = age;

    }

    ...

}

class Employee extends Person {

    Employee(..., int age) {

        super(..., age);        // Potentially unnecessary work 

        if (age < 18 || age > 67)

            throw new IllegalArgumentException(...);

    }

    ...

}

Recall this example?
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class Person {

    int age;

    Person(..., int age) {

        if (age < 0)

            throw new IllegalArgumentException(...);

        this.age = age;

    }

    ...

}

class Employee extends Person {

    Employee(..., int age) {

        if (age < 18 || age > 67)

            throw new IllegalArgumentException(...);

        super(..., age); // ☺

    }

    ...

}

Recall this example? Fixed!
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What’s allowed in the prologue?

Approximate answer:

• Any code that doesn’t use the current object being constructed

     AND Allowed to write to fields declared in our class

Flexible constructor bodies



class Person {

    int age;

    void show() {

        System.out.println("Age: " + this.age);

    }

    Person(..., int age) {

        if (age < 0)

            throw new IAException(...);

        this.age = age;

        show();

    }

    ...

}

class Employee extends Person {

    String officeID;

    @Override

    void show() {

        System.out.println("Age: " + this.age);

        System.out.println("Office: " + this.officeID);

    }

    Employee(..., int age, String officeID) {

        super(..., age);        // 

        if (age < 18  || age > 67)

            throw new IAException(...);

        this.officeID = officeID;

    }

    ...

}

Recall this example?
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jshell> new Employee(42, "CAM-FORA");



class Person {

    int age;

    void show() {

        System.out.println("Age: " + this.age);

    }

    Person(..., int age) {

        if (age < 0)

            throw new IAException(...);

        this.age = age;

        show();

    }

    ...

}

class Employee extends Person {

    String officeID;

    @Override

    void show() {

        System.out.println("Age: " + this.age);

        System.out.println("Office: " + this.officeID);

    }

    Employee(..., int age, String officeID) {

        if (age < 18  || age > 67)

            throw new IAException(...);
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        super(..., age);        // 

    }

    ...

}

Superclass Constructors Can Violate Integrity
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jshell> new Employee(42, "CAM-FORA");
Age: 42
Office: CAM-FORA
$3 ==> Employee@446cdf90



JEP 513: Thank you Archie!
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A common (mis-guided) developer lament:

Q: Why make me write this?

String statement = "SELECT * FROM users WHERE name = '" + username + "'";

When I want to write this?

String statement = "SELECT * FROM users WHERE name = '$username'";

“All I want is simple string interpolation!”

String Templates Background
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A common (mis-guided) developer lament:

Q: Why make me write this?

String statement = "SELECT * FROM users WHERE name = '" + username + "'";

When I want to write this?

String statement = "SELECT * FROM users WHERE name = '$username'";

A: SQL Injection attacks!

When username is:  a';DROP TABLE users; SELECT * FROM userinfo WHERE 't' = 't

String Templates Background
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A new expression form, the template expression, e.g.

 STR."Hello \{firstName}!"

A template processor is an expression of new type StringTemplate.Processor

A template argument is either a string literal, a text block, or a template.

A template looks like a string or a text block but it has \{embedded expressions}.

String Templates

Template Processor

Template Argument



String Templates
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String firstName = "Bill"; 
String lastName = "Duck"; 

String fullName = STR."\{firstName} \{lastName}";   "Bill Duck”

String sortName = STR."\{lastName}, \{firstName}";      "Duck, Bill" 

int x = 10, y = 20; 
String s = STR."\{x} + \{y} = \{x + y}";     "10 + 20 = 30" 

String s = STR."You have a \{getOfferType()} waiting for you!"; 
       "You have a gift waiting for you!" 

String t = STR."Access at \{req.date} \{req.time} from \{req.ipAddress}"; 
       "Access at 2022-03-25 15:34 from 8.8.8.8"



String Templates
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String name = "Joan Smith"; 
String phone = "555-123-4567"; 
String address = "1 Maple Drive, Anytown"; 
String json = STR.""" { 
    "name": "\{name}", 
    "phone": "\{phone}", 
    "address": "\{address}" 
} """; 
           """ 
           {   
            "name": "Joan Smith", 
        "phone": "555-123-4567", 
              "address": "1 Maple Drive, Anytown" 
           } 
           """



String Templates
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var JSON = StringTemplate.Processor.of( (StringTemplate st) -> new    
    JSONObject(st.interpolate()) ); 

String name = "Joan Smith"; 
String phone = "555-123-4567"; 
String address = "1 Maple Drive, Anytown"; 

JSONObject json = JSON.""" { 
    "name": "\{name}", 
    "phone": "\{phone}", 
    "address": "\{address}" 
} """; 
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Key idea of a template:

• It denotes a pair of string fragments and values

Template processors then process these two lists (not a string) to build a result.

These always go hand-in-hand.

This is core to our design; we don’t want to be responsible for the next thirty years of string injection attacks in 
Java! 

• cf. PEP 501 – General purpose template literal strings in Python

• cf. Safe templating library for building HTML in Go

String Templates
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But more extensive (internal) experimentation raised concerns:

• Writing non-functional template processors with side-effects was impossible 

• Nested templates required explicit application, which made code ugly 

• API designers faced a new ambiguity: processors or methods? 

• 3rd party processors couldn't play the performance game in the same way JDK processors could 

Conclusions:

• Serious doubt about the design 

String Templates
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• We removed the feature in JDK 23
• This is the preview/JEP process working perfectly!
• We are actively working on a replacement to this feature! 
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1. More pattern matching

• Pattern matching for more classes

• Pattern-matching aware APIs

• Pattern matching assignment

• Constants in patterns

2. Type classes

3. With expressions

4. Project Valhalla language features

• Value classes

• Nullity markers on reference types

There are many others but…

What’s coming in the future?



Copyright © 2025, Oracle and/or its affiliates57

Thank you!
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