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What if we ...
... forget about the classpath
... embrace modules

... want to create truly modular software?



What if we ...
... forget about the classpath
... embrace modules

... want to create truly modular software?

Design Constraints Patterns



module easytext.cli { module easytext.analysis {
requires easytext.analysis; exports analysis.api;

1 opens impl;

}

easytext.cli easytext.analysis

analysis.api




module easytext.cli {
requires easytext.analysis; Modules define dependencies

} explicitly

easytext.cli easytext.analysis



Packages are encapsulated by module easytext.analysis {
default exports analysis.api;

opens impl;

}

easytext.cli easytext.analysis

analysis.api



module easytext.analysis {
exports analysis.api;

Packages can be “opened” for opens impl;
deep reflection at run-time }

easytext.cli easytext.analysis




Services
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» Even with interfaces, an instance has to be
created...

Analyzer 1 = new KincaidAnalyzer();




» Even with interfaces, an instance has to be
created...

Analyzer 1 = new KincaidAnalyzer();

»  We need to export our implementation! :-(

module easytext.analysis.kincaid {

exports easytext.analysis.kincaid;

}




Class myImpl = Class.forName(..) ;

MyInterface i = myImpl.newInstance();

» Package needs to be open

module easytext.kincaid {

opens easytext.analysis.kincaid;

}




easytext.gui easytext.cli

uses uses

Module System

provides provides

easytext.analysis.kincaid easytext.analysis.coleman




module easytext.analysis.kincaid {
requires easytext.analysis.api;

provides javamodularity.easytext.analysis.api.Analyzer
with javamodularity.easytext.analysis.kincaid.KincaidAnalyzer;




» Just a plain Java class
»  Not exported!

public class KincaidAnalyzer implements Analyzer {
public KincaidAnalyzer() { }

@Override

public double analyze(List<List<String>> sentences) {

}




module easytext.cli {
requires easytext.analysis.api;

uses javamodularity.easytext.analysis.api.Analyzer;




module easytext.cli {
requires easytext.analysis.api;

uses javamodularity.easytext.analysis.api.Analyzer;

Iterable<Analyzer> analyzers = ServicelLoader.load(Analyzer.class);

for (Analyzer analyzer: analyzers) {
System.out.println(
analyzer.getName() + ": " + analyzer.analyze(sentences)):;




ServiceLoader supports streams
Lazy instantiation of services

ServiceLoader<Analyzer> analyzers =
ServicelLoader.load(Analyzer.class);

analyzers.stream()
. filter (provider -> ..)
.map(ServicelLoader.Provider::get)
. forEach(analyzer -> System.out.println(analyzer.getName()));




. BON EasyText
Mr. Spaceship ” Choose an algorithm:

By Philip K. Dick

Kramer leaned back. "You can see the situation. How can we deal with Elesch-Kincaid
factor like this? The perfect variable."

"Perfect? Prediction should still be possible. A living thing still a n a |yS e S by

acts from necessity, the same as inanimate material. But the
cause-effect chain is maore subtle; there are more factors to be

considered. The difference is quantitative, | think. The reaction of a d d I n g p rOVI d e r
the living organism parallels natural causation, but with greater
modules on the
Gross and Kramer looked up at the board plates, suspended on the wa

still dripping, the images hardening into place. Kramer traced a line

with his pencil. l I lOdUle path

"See that? It's a pseudopodium. They're alive, and so far, a weapon we

can't beat. No mechanical system can compete with that, simple or
intricate. We'll have to scrap the Johnson Control and find something
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Dependency Injection




Dependency Injection
aka 'gimme back @lnject’




Inject KincaidAnalyzer

easytext.analysis.kincaid

easytext.cli

easytext.analysis.coleman

Inject ColemanAnalyzer



Inject KincaidAnalyzer

easytext.analysis.kincaid

easytext.cli

easytext.analysis.coleman .

Inject ColemanAnalyzer



Provider module should export a Guice Module

public class ColemanModule extends AbstractModule {

@Override
protected void configure() {
Multibinder

.newSetBinder (binder(), Analyzer.class)
.addBinding() .to(ColemanAnalyzer.class);




» Consumers must be able to compile against the
Guice module
» Implementation package must be open



» Consumers must be able to compile against the
Guice module
» Implementation package must be open

yjavamodular1ty

: L easytext

' L algorithm

L — coleman
ColemanAnalyzer.java ‘

i — guice |
L ColemanModule.java }

“——— module-info.java w




» Consumers must be able to compile against the
Guice module
» Implementation package must be open

Ujavamodular1ty
- easytext
— algorithm

module easytext.algorithm.coleman { — coleman

. . . ColemanAnalyzer.java

requires easytext.algorithm.api; _ ouice

requires guice; L ColemanModule.java
requires guice.multibindings; — module-info.java

exports javamodularity.easytext.algorithm.coleman.guice;
opens javamodularity.easytext.algorithm.coleman;



public class Main {

public static void main(String... args) {
Injector i1njector =
Guice.createInjector(
new ColemanModule(),
new KincaidModule());

CLI cli = injector.getInstance(CLI.class);
cli.analyze(args[0]);




»  Now we can @Inject

public class CLI {

private final Set<Analyzer> analyzers;

@Inject
public CLI(Set<Analyzer> analyzers) {
this.analyzers = analyzers;

}




algorithm.coleman

Create binding



Requires Guice module

Create binding



. Requires Guice module
algorithm.coleman B

Create injector

Create binding



. Requires Guice module
algorithm.coleman B

Create injector

Create binding ¢ Injected instance



» Require the implementation Guice Modules
» Open package for Guice injection

module easytext.cli {
requires easytext.algorithm.api;
requires guice;
requires easytext.algorithm.coleman;

requires easytext.algorithm.kincaid;

opens javamodularity.easytext.cli;

}




Benefits of using Guice

»  @Inject vs using an API
» Developers might be more familiar with this model

Downsides of using Guice

» Requires more coupling
» Adding an implementation requires code changes
» Service binding not checked by module system



module easytext.algorithm.coleman {
requires easytext.algorithm.api;
requires guice;
requires guice.multibindings;

exports javamodularity.easytext.algorithm.coleman.guice;
opens javamodularity.easytext.algorithm.coleman;




module easytext.algorithm.coleman {
requires easytext.algorithm.api;
requires guice;
requires guice.multibindings;

e@ﬁérts javamodularity.easytext.algorithm.coleman.guice;
opens javamodularity.easytext.algorithm.coleman;

provides com.google.inject.AbstractModule
with javamodularity.easytext.algorithm.coleman.guice.ColemanModule



module easytext.cli {
requires easytext.algorithm.api;
requires guice;
requires easytext.algorithm.coleman;

requires easytext.algorithm.kincaid;

opens javamodularity.easytext.cli;




module easytext.cli {
requires easytext.algorithm.api;
requires guice;
r 1 easytext.algorithm.coleman;
r 1res easytext.algorithm.kincaid;

opens javamodularity.easytext.cli;

uses com.google.inject.AbstractModule



public static void main(String... args) throws IOException {
Injector 1njector = Guice.createInjector(
ServicelLoader.load(AbstractModule.class));

CLI cli = injector.getInstance(CLI.class);
cli.analyze(args[0]);
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Naming Modules
... 1s hard



... Is hard

Application modules

»  Short & memorable
»  <application>.<component>
» e.g. easytext.gui




... Is hard

Application modules vs. Library modules

»  Short & memorable
»  <application>.<component>

Uniqueness
Reverse DNS

»
»

» e.g.easytext.gui » com.mycompany.ourlib
»

'Root package'




APl Modules



» Module with exported API only
»  When multiple implementations are expected
» Can also contain 'default' implementation



» Module with exported API only
»  When multiple implementations are expected
» Can also contain 'default' implementation

» APl modules export:

Interfaces

(Abstract) classes

Exceptions

EtC.

vV vV vV Vv



Small Modules vs. All-In-one



»  Composability
» Reusability




»  Composability
» Reusability

» Ease-of-use



Why choose? Use aggregator modules



Why choose? Use aggregator modules

Module without code, using implied readability:

module mylib {
requires transitive mylib.one;
requires transitive mylib.two;

requires transitive mylib.three;




Why choose? Use aggregator modules

Module without code, using implied readability:

module mylib {
requires transitive mylib.one;
requires transitive mylib.two;

mylib.three

requires transitive mylib.three;

lIHHHHiHiHI'



Why choose? Use aggregator modules

=

mylib.three

application




Why choose? Use aggregator modules

""""
o
o o
application

mylib.three




Why choose? Use aggregator modules

| =
Implied readability




mylib.extra

mylib.core




application

mylib.core

mylib.extra



mylib.extra

application

mylib.core




mylib.extra

application




»  Non-modular JARs can have cyclic dependencies
»  Modules can not







public class Author {
private String name;
private List<Book> books;

public Author (String name)
{

this.name = name;

//




public class Author {
private String name;
private List<Book> books;

public Author (String name)
{

this.name = name;

//

public class Book {
public Author author;
public String title;

public void printBook() {
System.out.printf(
"%s, by %s\n\n%s",
title, author.getName(),
text);




public Author(String name) public void printBook() {
{ System.out.printf(
this.name = name; "%s, by %s\n\n%s",
title, author. getName(),
/] .. text);




public class Author { public class Book {
private String name; public Author author;

private List<Book> books; public String title;

public Author (String name) public void printBook() {
{ System.out. pr1ntf(
this.name = name; "%s , b,/%‘ RIS e,
titlef author getName()ﬁf
/] .. text), e ~




javamodularity.books.Book
javamodularity.books.Named

javamodularity.authors.Author




javamodularity.books.Book
javamodularity.books.Named

javamodularity.authors.Author

public class Author
implements Named {

/] .

public String getName() {
return this.name;

}




javamodularity.books.Book
javamodularity.books.Named

javamodularity.authors.Author

public class Author
implements Named { public 1nterface Named {
[/ ..
String getName() ;
public String getName() {
return this.name;

}




» Requires means compile-time and run-time dependency
»  What if we want an optional dependency?

» Use it if available at run-time

»  Otherwise, run without



» Requires means compile-time and run-time dependency
»  What if we want an optional dependency?

» Use it if available at run-time

»  Otherwise, run without

module framework {
requires static fastjsonlib;

Compile-time only dependencies: )




» Requires means compile-time and run-time dependency
»  What if we want an optional dependency?

» Use it if available at run-time

»  Otherwise, run without

module framework {
requires static fastjsonlib;

Compile-time only dependencies: )

Resolve fastjsonlib if available at run-time, ignore if not



Avoid run-time exceptions!



Avoid run-time exceptions!

try {
Class<?> clazz =

Class.forName('"javamodularity.fastjsonlib.FastJson")
Fastlson instance =
(FastJdson) clazz.getConstructor().newInstance();

System.out.println("Using FastJson");
} catch (ReflectiveOperationException e) {
System.out.println("Oops, we need a fallback!");

}




Better yet: use services for optional dependencies

module framework {
requires json.api;

uses json.api.Json;

}

ServicelLoader.load(Json.class)
.Stream()
.filter(this::1sFast)

. findFirst();
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Module path

mods

easytext.
easytext.
easytext.
easytext.
easytext.
easytext.
easytext.

lgorit
lgorit
lgorit
lgorit
lgorit
11

gu

O © 0 © O Q

M

M

.api
nm.
nm.
nm.
.nextgensyllablecounter

coleman
kincaid
naivesyllablecounter



Module path

mods

—— easytext.algorithm.api

— easytext.algorithm.coleman

—— easytext.algorithm.kincaid

—— easytext.algorithm.naivesyllablecounter
—— easytext.algorithm.nextgensyllablecounter
—— easytext.cli

— easytext.gu boot layer

at run-time




Immutable boot layer

One version of a module m “

No dynamic loading?




boot layer

Create layers at run-time “

Layers form hierarchy

Multiple versions In layers “




layer 1

boot layer
Create layers at run-time

Layers form hierarchy

Multiple versions In layers




layer 1

syllable.

counter

. parent . parent

boot layer
Create layers at run-time

Layers form hierarchy

Multiple versions In layers
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