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ERNGUAGE ASPECTTS

* Many languages offer standard module system
* Java, node.js, Ruby, R, Perl, .Net, ...
» Some have de-facto standards for APIs

» Communities have certain ways of doing things



LANGUAGES

* APl concepts can be applied in different ways:

- for different languages

» for different language versions

ERENcllicrent performance needs

» APls evolve along with the languages they are written in

 Example: Java, JavaScript, R



LANGUAGES

* Example:

result of a complex expression as
parameter, only evaluate It If needed

» Basic (non-lazy)

Java version

void foo(String[] value) {
VA AT
1f (condition) {
doSomethingWith(value);

}
L e

}

void main(String[] args) {
foo(complexComputation(args));

}



LANGUAGES

interface LazyValue {
Object get();
¥

volid foo(LazyValue value) {

4 e

1f (condition) {
Object evaluated = value.get();
doSomethingWith(Cevaluated);

* Java version using }

L e

iNnterface }

void main(String[] args) {
LazyValue lazy = new LazyValue() {
public Object get() {
return complexComputation(args);

}
-2
foo(lazy);



LANGUAGES

* Java version using
generic Interface

interface LazyValue <T> {
T getQ);
¥

void foo(LazyValue<String[]> value) {
1/ e
if (condition) {
Object evaluated = value.get();
doSomethingWith(evaluated);

¥
Vo aima

}

volid main(String[] args) {
LazyValue<String[]> lazy =
new LazyValue<String[]>() {
public String[] get() {
return complexComputation(args);

}
by §
foo(lazy);



LANGUAGES

abstract class LazyValue <T> {
abstract T get();

}

void foo(LazyValue<String[]> value) {
IR e i
if (condition) {
Object evaluated = value.get();
doSomethingWith(evaluated);

* Java version using i

¥
oeneric abstract class id maiCSEAingt R SRR ¥

LazyValue<String[]> lazy =
new LazyValue<String[ 1> {
@0verride

String[] get() {
return complexComputation(args);
ks

s
foo(lazy);



LANGUAGES

* Java version using
generic Interface and
lambda expression

interface LazyValue <T> {
T getQ);
}

volid foo(LazyValue<String[]> value) {
V4 Aah
if (condition) {
Object evaluated = value.get();
doSomethingWith(evaluated);

¥
(2

}

void main(String[] args) {
foo(() -> complexComputation(args));
i



LANGUAGES

void foo(Supplier<String[]> value) {

[/
o Ja\/a Vel"S|O’] US|ﬂg 3l C(c):gg:::?(e):\r:c)ﬂéated = value.get();
doSomethingWith(evaluated);
predefined interface 7

}
and lambda expression  void maincstringrl argsy ¢

foo(() -> complexComputation(args));
¥



LANGUAGES

function foo(value) {
Ay
1f (condition) {
var evaluated = value();
doSomethingWith(evaluated);

» JavaScript version i
¥
USIﬂg ]CUﬂCJ[IOﬂ function main(Cargs) {

function lazy(Q) {
return complexCalculation(args)

It
foo(lazy);

}



LANGUAGES

function foo(value) {
Vi ROV
1f (condition) {

- ' var evaluated = value();
o Ja\/ascr|pt VEISIOon doSomethingWith(evaluated);
I
- 1A
UsSINg anonymous }
: function mainCargs) {
fUﬂCUOﬂ foo(function() {
return complexCalculation(args)

b g

}



LANGUAGES

function foo(value) {

s
o Ja\/ascr|p-: VGFSIOH i (\(/:g:d;\f;{)l:‘c?té{d = value();
| . doSomethingWith(Cevaluated);
using ECMAScript 6 e
ks
‘am bdaS function mainCargs) {

foo(() => complexCalculation(args));
3



LANGUAGES

foo <- function(value) {
# ...
1f(condition) {
evaluated <- value()
doSomethingWith(evaluated)
, b
« R version o
I

USIﬂg fUﬂCJ[IOﬂ main <- function(Cargs) {

lazy <- function() {
complexComputation(args)

It
foo(lazy)

}



LANGUAGES

foo <- function(value) {

# ...

1f(condition) {
doSomethingWith(value)

* R version using lazy }
# ...

arsument evaluation }

main <- function(args) {
foo(complexComputation(args))

}



LANGUAGES

Some are not as well surted for APls, e.g. not typing

function foo(value) {

COmmethS: /* void */ function foo(/* string[]| function */ value) {
R — —
Typescr| p't FlOW ' function foo(value: () => string): void {
! y v
: : function foo(value) {
asm.Js (Int parameter): valve = value6;




LANGUAGES

* Function overloading

« Different names:

* Dynamic checks:

void foo(A a) {

/7 ...

ks

void foo(B b) {
/7 ...

ks

B ——

function foo_A(value) {

// ...

ks

function foo_A(value) {
/7 ...

ks

L — T

function foo_A(value) {
i1f (value instanceof A) {
/7 ...
} else {
/7 ...

}
¥
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SRAAL COMPIEESS

Open|DK project:

http://openjdkjava.net/projects/graal/

Fasy to build and use: jeaseastasatanassassoodboo LSS O SR \
+ Graal VM '

r}flli gi(l)rllz http://hg.openjdk.java.net/graal/graal E Profiing Compilers . el

. < ' j Interpreter | (client,server) —— 1

5 ~ Graal AP| E
; y Runtime

Java JIT - compiler written In Java (GCs,JNLJDK, .

------------------------------------------------------

Productivity (powerful IDEs, easy
refactoring, debugging,
approachability, ...)

Compiler (mostly) decoupled from VM


http://hg.openjdk.java.net/graal/graal

GRAAL

* |00+ modules, 200+ module dependencies, 20+ contributors

B ie[cet orapn; script + graphviz dot tool”

com.oracle graal.options

com.orcle.graal api collections

com.oracle graal hotspotvmeonfig com.oracle graal ptx

com.oracle.graal.asm.ptx

com oracle graal amd64

£

—

com.oracle graal asm amd64 com.oracle.graal lir test com.oracle graal Jir ptx

-‘ com_oracle.nfi.test

com_oracle.truffle.sliest

le.ruffle object ba ‘ com.oracle.graal java decompiler test

J com.oracle graal truffle " w comoracle.graal compiler amd64 ‘

com oracle g

1. ‘ ‘ OKRA_WITH_SIM ‘ ‘

com.oracle graal lir sparc com.oracle graal truffle hotspot amd64

com.oracle graal.compiler sparc com.orack

com.oracle graal hotspot.spare



GRAAL

» Without CPU-specific code

com.oracle.graal hotspot.jfr

graal.options

‘ com.oracle.graal.api.cod ‘

[
N

com oracle.graal.api.collections

com.oracle.graal.asm ‘ J com.oracle.graal compiler.common L

‘ FINDBUGS ‘

J com oracle.graal.debug

com oracle.graal.api.runtime

J com.oracle.graal.nodeinfo

_ ———

com oracle.graal lir

com.oracle.graal phases

com oracle.graal bytecode | | com.oracle.graal api.replacements

N

‘ com.oracle.graal.nodes ‘ com.oracle.graal

com oracle.graal.graph

verifier

com.oracle graal-hotspotvmeonfig ‘

com.oracle graal.word ‘

com.oracle.graal phases.common

com.oracle.nfi

racle.graal serviceprocessor

com_.oracle.nfi.test

com oracle.graal java

com.oracle graal.loop ‘

com.oracle graal.virtual

com oracle.graal.alloc

com.oracle.graal java

com oracle.graal.compiler

com.oracle.graal lirtest | | com.oracle.graal graph.test

com.oracle.graal.debug.test

com.oracle.graal

com.oracl

com.oracle.graal hotspot

ASM

eraal baselin

com.oracle.graal.printer

‘ JAVA_ALLOCATION_INSTRUMENTER ‘ ] com.oracle.graal runtime D com.oracle.graal test

7 /

JUNIT

com oracle truffle.api

com oracle.truffle.api.ds!

com_.oracle.truffle.api.interop ‘

f

com.oracle.graal.api.te

com.oracle.graal.options.test

com.oracle.truffl

api.test com.oracle.truffle.api.dsl.t

st

com.oracle.truffle.api.object

com.oracle truffle.dsl.processor

com.oracle.graal.truffle | | com.oracle.graal java.decompiler.test | | com.oracle.graal.compiler.test

com oracle.graal.asm.test ‘ com.oraclegraal phases.common.test

com.oracle graal api.meta test

_‘ com.oracle.truffle.sl.test

com.oracle graal hotspot.server

com_.oracle.graal hotspot.sourcegen

com oracle.graal.truffle.hotspot

com oracle.graal replacements.test com_.oracle.graal jtt

com.oracle.graal.nodes.test

-‘ com.oracle.graal truffle.test

com.oracle.graal hotspot.test

A

N

com.oracle.truffle.:

com oracle.truffle.object

com.oracle.graal.nodeinfo.processor

com.oracle.truffle.object.basic




GRAAL

com.oracle.graal.api.meta

AN

» Without CPU-specific code, without test code

com.oracle.graal.api.code

com.oracle.graal.options

[~

com.oracle.graal.nodeinfo

com.oracle.graal.api.runtime

FINDBUGS

com.oracle.graal.api.collections

com.oracle.graal.debug

com.oracle.graal.asm

com.oracle.graal.compiler.common

-

com.oracle.graal.service.processor

/

_—

com.oracle.

graal.graph

com.oracle.graal.api.replacements

com.oracle.graal.lir

com.oracle.graal.bytecode

[

A

g

L

com.oracle.graal.replacements.verifier

com.oracle.graal.nodes

/

com.oracle.graal.phases

com.oracle.graal.gpu

/

com.oracle.graal.word

[

com.oracle.graal.phases.common

R

com.oracle.graal.hotspotvmconfig

com.oracle.graal java

com.oracle.graal.alloc

com.oracle.graal.virtual

com.oracle.graal.loop

AN

com.oracle.graal.java.decompiler

com.oracle.graal.compiler

VA

com.oracle.truffle.api

com.oracle.graal.replacements

com.oracle.graal.printer

com.oracle.graal.baseline

com.oracle.graal.runtime

com.oracle.nfi

[ T

T~

com.oracle.truffle.api.dsl

com.oracle.truffle.api.interop

com.oracle.graal.truffle

/

A

A

S

com.oracle.graal.hotspot

/

I~

JFR

com.oracle.truffle.dsl.processor

com.oracle.truffle.api.object

com.oracle.graal.truffle.hotspot

com.oracle.graal.hotspot.server

com.oracle.graal.hotspot.sourcegen

com.oracle.graal.hotspot.jfr

7

P

com.oracle.graal.nodeinfo.processor

com.oracle.truffle.sl

com.oracle.truffle.object

com.oracle.truffle.object.basic




Only core

com.oracle.graal.api.meta

com.oracle.graal.api.code

GRAAL AP

Drojects. . .

.api.collections

FINDBUGS

com.oracle.graal.api.runtime

com.oracle.graal.nodeinfo

‘aal.graph

com.oracle.graal.asm

com.oracle.graal.debu;

T

///k

com.oracle.graal.service.processor

icements.verifier

com.oracle.graal.bytecode com.oracle.graal.api.repl ..
com.oracle.graal.loop com.oracle.graal.virtual com.oracle.graal.alloc com. g Jjava
TT— N /
com.oracle.graal.compiler com.oracle.graal java.decompiler
N T ———f
com.oracle.graal.runtime com.oracle.graal .baseline com.oracle.graal.printer com.oracle.graal'

~ 7

com.oracle.graal.truffle

i

com.oracle.truffle.api

com.oracle.truffle.api.dsl

com.oracle.truffle.api.intei

com.oracle.truffle.dsl.processor

com.oracle.truffle.api.o

7

N

com.oracle.graal.nodeinfo.processor

com.oracle.truffle.sl

com.oracle.tr

?




SRAAL AP/ TOUES

/**
* Represents a resolved Java method. Methods, like fields and types, are resolved through
* {@link ConstantPool constant pools}.

e RIEBLIS: y

public interface ResolvedJavaMethod extends JavaMethod, InvokeTarget, ModifiersProvider {

findbugs.sourceforge.net s
* Returns the bytecode of this method, if the method has code. The returned byte array does not
* contain breakpoints or non-Java bytecodes. This may return null if the
* {@link #getDeclaringClass() holder} is not {@link ResolvedlavaType#isLinked() linked}.
» Checkstyle; :
eC <S-t>/ e' * The contained constant pool indices may not be the ones found in the original class file but
* they can be used with the Graal API (e.g. methods in {@link ConstantPool}).
checkstyle.sourceforge.net ;
* the bytecode of the method, or {@code null} if {@code getCodeSize() == @} or if the
& code is not ready.
*/
byte[] getCode();
( ’
JDepena
/**
www.clarkware.com/ * Returns the size of the bytecode of this method, if the method has code. This is equivalent

* to {@link #getCode()}. {@code length} if the method has code.

*

software/|[Depend.html

4 the size of the bytecode in bytes, or @ if no bytecode is available
74
int getCodeSize();

+ Used |
S;EE Ir} * Returns the {@link ResolvedlavaType} object representing the class or interface that declares
* this method.

Continuous 7

ResolvedJavaType getDeclaringClass();

Integration -

* Returns the maximum number of locals used in this method's bytecodes.
i/
int getMaxLocals();


http://findbugs.sourceforge.net
http://checkstyle.sourceforge.net
http://www.clarkware.com/software/JDepend.html
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TRUFFLE FRAMEWORK

1000 @




TRUFFLE FRAMEWORK

Current situation

Prototype a new language

Parser and language work to build
syntax tree (AST), AST Interpreter

Write a “real” VM

In C/C++, still using AST interpreter,
spend a lot of time implementing
runtime system, GC, ...

People start using it

People complain about performance

Define a bytecode format and
write bytecode interpreter

Performance is still bad

Write a JIT compiler
Improve the garbage collector



TRUFFLE FRAMEWORK

Current situation How it should be

Prototype a new language

Write a “real” VM

runtime system, GC, ...

People start using it

People complain about performance

Define a bytecode format and
write bytecode interpreter

Performance is still bad

Write a JIT compiler
Improve the garbage collector

Parser and language work to build
syntax tree (AST), AST Interpreter

In C/C++, still using AST interpreter,
spend a lot of time implementing

Prototype a new language in Java

Parser and language work to build
syntax tree (AST)
Execute using AST interpreter

People start using it

. And it is already fast



TRUFFLE FRAMEWORK

foo (a)y+ iy aNe

- Rifiterpreter in Java

» Multiple APIs building on
each other:

« Truffle

« Truffle DSL




TRUFFLE FRAMEWORK

* Part of Graal:

(DK project:
http://openjdk.java.net/projects/graal/

* Easy to builld and use:

hg clone http://hg.openjdk.java.net/graal/graal
(L% HomEiiNe!
mx vm ... AST interpreterin Java

* “Simple Language” (sl) as an example


http://hg.openjdk.java.net/graal/graal

TRUFFLE FRAMEWORK

@NodeInfo(shortName = "+")
public abstract class AddNode extends BinaryNode {

public AddNode(SourceSection src) {
super(src);

}

.4 AST ||’Tt€|"p|"€'t€|" N Ja\/a @Specialization(rewriteOn = ArithmeticException.class)
protected long add(long left, long right) {

return ExactMath.addExact(left, right);
}

- Multiple APls building on By
@Specialization
eaCh Othel” @TruffleBoundary

protected BigInteger add(BigInteger left, BigInteger right) {
return left.add(right);

ki
o
_T}ALJfT1€3 @Specialization(guards = "isString")
@TruffleBoundary
protected String add(Object left, Object right) {
° _T}ﬂLJf¥1EE [:)ES[_ : return left.toString() + right.toString(Q);

protected boolean 1sString(Object a, Object b) {
return a instanceof String || b instanceof String;

}



TRUFFLE FRAMEWORK

@NodeInfo(shortName = "+")
public abstract class AddNode extends BinaryNode {

public AddNode(SourceSection src) {
super(src);

}
* AST Iinterpreterin Java  especiatiza n.class)

protected 1«

eturn | INterpreter gathers

: runtime feedback

- Multiple APls building on e
@Specializa
eaCh Other @TruffleBoundary

protected BigInteger add(BigInteger left, BigInteger right) {
return left.add(right);

:‘

¥
gl e oy |
ety Creates complled code
protec :
. Truffle DSL o based on the interpreter
(2nd futumura projection,
rotec : :
Z e partial evaluation) 195




TRUFFLE LANGUAGES

* Many languages and language prototypes
(prototypes - none of these Is guaranteed to become a product!)

quicksort=: (($:@(<#[), (=#[), $:@(>#[)) ({~ ?2@#)) ": (1<#)




HOW S

SITUATION:

THERE ARE
|4 COMPETING

ANDARDS PROUFERATE:
(EE: A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, APIS
1?7 RiDICULOLS)! SOON:
WE NEED To DEVELOP

ONE UNIVERSAL STANDARD |

THAT COVERs EVERYongs | | OTUATION:

USE CASES.  yiep THERE. ARE
\ O ) ' |5 COMPETING

STANDARDS.

STANDPRDS.

)

http://xkcd.com/927/




COURSE PROJECT

- Create a new software artifact, focusing on modularity and
extensibility:

Netbeans plugin, Eclipse plugin, Truftle language interpreter,

DukeScript application, JavaScript library wrapper; ...
* ... or modularize an existing artifact

- Large enough to show modularization aspects and define
interfaces (more than just a few classes)



COURSE PROJECT

» Send to thomas.wuerthinger@oracle.com

B Ellifcccodae + short description
Deadline: March |3

* Present the project In person, explaining modularization

* No fixed date vet, likely March |6-20

e |n teams of at least two students!


mailto:thomas.wuerthinger@oracle.com

