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Introducing Rakudo

Name of the Perl 6 compiler targeting
the Parrot Virtual Machine

Parrot Is a virtual machine aimed at
running many different languages,
iIncluding Python, Ruby, PHP and more

One day, you should be able to write a
class in Perl 6, inherit from it in Ruby
and instantiate that derived class and
call methods on it in PHP
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Rakudo vs. Perl 6
Perl 6 Is the name of the language

Rakudo is an implementation of the
Perl 6 language

However, It's not the only one that is In
progress, or that exists

Pugs = Perl 6 in Haskell, currently not
maintained

kp6 and SMOP are two others
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Why "Rakudo"?
Suggested by Damian Conway
Some years ago, Con Wei Sensel

Introduced a new martial art in Japan
named "The Way Of The Camel”

In Japanese, this is "Rakuda-do"

The name quickly became abbreviated
to "Rakudo", which also happens to
mean "paradise" in Japanese
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Compiler
Architecture
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Parrot Compiler Toolkit

Rakudo I1s implemented using PCT, a
tool chain for building compilers

You write the "front end":
Grammar, which specifies syntax

Actions, which produce an Abstract
Syntax Tree from the Parse Tree

The backend (from the AST down to
Parrot bytecode) Is done for you
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PGE = Parrot Grammar Engine

Implementation of Perl 6 regexes

Can name regexes and call them from

each other (recursively too)

regex Year {\d**4 },
regex Place { Nordic | Ukrainian | French };

regex Workshop {
<Place> \s Perl \s Workshop \s <Year>

b
regex YAPC{
YAPC::' [EU'|'NA''Asia’] \s <Year>
b
regex PerlEvent { <Workshop> | <YAPC> };
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PGE = Parrot Grammar Engine

You use PGE to write the grammar for
your language

rule unless_statement {
‘unless'
<EXPR> <block>

U}

You put a {*} in place to indicate that
we should run an action
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NOP = Not Ouite Perl 6
A subset of Perl 6

Contains just enough to allow you to

produce an Abstract Syntax Tree from
the parse tree

Variables and literals

Binding (but not assignment)
Conditionals and loops

Object instantiation and method calls
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NOP = Not Ouite Perl 6

This method is called when the parser
encounters the {*} in the grammar

method unless_statement($/) {

my $then := $( $<block> );

$then.blocktype(immediate");

my $past := PAST::Op.new(
$( $<EXPR>), $then,
.pasttype(‘unless’),
:node( $/)

);

make $past;
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NOP = Not Ouite Perl 6

We are passed %/, the match object,
which describes what was parsed

method unless_statement( $/){
my $then := $( $<block> );
$then.blocktype(‘immediate’);
my $past := PAST::Op.new(
$( $S<EXPR>), $then,
:pasttype(‘unless’),
:node( $/)
);

make $past;
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NOP = Not Ouite Perl 6

Named captures ($<....>) give you the
match object for the sub rules

method unless_statement($/) {

my $then := $( $<block> );

$then.blocktype(immediate");

my $past := PAST::Op.new(
$( P$<EXPR>), $then,
.pasttype('unless’),
‘node( $/)

);

make $past;
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NOP = Not Ouite Perl 6

Writing $( $<...>) gets you the AST for
that match object

method unless_statement($/) {

my $then := $( $<block>)

$then.blocktype('immediate’);

my $past := PAST::Op.new(
$( $<EXPR>) , $then,
.pasttype('unless’),
:node( $/)

);

make $past;
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NOP = Not Ouite Perl 6

We Instantiate a new AST node of type
Op

method unless_statement($/) {

my $then := $( $<block> );

$then.blocktype(‘immediate’);

my $past ;= PAST::Op.new(
$( $<EXPR>), $then,
.pasttype(‘unless’),
:node( $/)

) ;

make $past;
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NOP = Not Ouite Perl 6

This node has two children: the
condition and the block to run

method unless_statement($/) {

my $then := $( $<block> );

$then.blocktype(immediate");

my $past := PAST::Op.new(
$( $<EXPR>), $then,
.pasttype(‘unless’),
:node( $/)

);

make $past;
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NOP = Not Ouite Perl 6

Also specify the type of operation; PCT

will then generate the appropriate code

method unless_statement($/) {

my $then := $( $<block> );

$then.blocktype(‘immediate’);

my $past := PAST::Op.new(
$( $<EXPR>), $then,
.pasttype('unless’)
:node( $/)

);

make $past;
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NOP = Not Ouite Perl 6

Also specify the match object that we
made this from, for line numbers etc.

method unless_statement($/) {

my $then := $( $<block> );

$then.blocktype(‘immediate’);

my $past := PAST::Op.new(
$( $<EXPR>), $then,
.pasttype(‘unless’),
:node( $/)

);

make $past;
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NOP = Not Ouite Perl 6

The "make" statement specifies the
tree node we have made

method unless_statement($/) {

my $then := $( $<block> );

$then.blocktype(immediate");

my $past := PAST::Op.new(
$( $<EXPR>), $then,
.pasttype(‘unless’),
:node( $/)

);

make $past;
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PAST to POST

POST Is the Parrot Opcode Syntax
Tree

Tree representation of Parrot
assembly program

Often one node = one Instruction

The PAST compiler, part of PCT,
transforms a PAST node into (usually
many) POST nodes
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POST to PIR

PIR = Parrot Intermediate
Representation

Text based rather than tree based

The Parrot VM itself understands PIR,
so for now we have to turn the POST
tree into PIR

One day, we may be able to go direct
from the tree to the bytecode
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PIR to Parrot Bytecode
The Parrot VM actually executes
bytecode — a binary representation of
the program

It contains a compiler that turns PIR
Into Parrot Bytecode

We can write the bytecode to disk so
we can load It again in the future =>
don't need to compile our program
every time => performance!
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The Perl 6
Grammar
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STD.pm
STD.pm Is the standard Perl 6
grammar, written in Perl 6 rules

Mostly complete, though we find
missing things occasionally

PGE doesn't support all of the syntax it
uses yet, so we don‘t use it as Is;
Instead, import it bit by bit and tweak it

End goal Is that they will converge



Rakudo: Implementing Perl 6 in Perl 6 on Parrot

Two Parsers In One

Use bottom-up parsing for expressions
and top-down parsing for the rest

Have to call between them

When top-down parser needs an
expression, uses <EXPR> to call into
bottom-up parser to get one

Bottom-up parser calls <term> to re-
enter the top-down parser
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Top-down Parser
Defined using token, rule and regex

Backtracking

Sigspace

yes

Nno

Nno

Nno

Nno

yes

sigspace means replace any

whitespace In the pattern with <.ws>,

which Is the current language's

whitespace rule
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Bottom-up Parser

We specify the operators in the
expression grammar, for bottom up
parsing

## multiplicative operators

oroto infix:<*> is precedence('u=') { ... }
oroto infix:</> is equiv(infix:<*>) { ... }
oroto infix:<%> is equiv(infix:<*>) { ... }

## additive operators
proto infix:<+> Is precedence('t=") { ... }
proto infix:<-> is equiv(infix:<+>) { ... }
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Implementing
Bullt-ins
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Implementing Operators

In Perl 6, an operator Is just a (multi-
dispatch) sub called with special syntax

Operator implemented in PIR

sub 'infix:+' :multi(_, )
.param pmc a
.param pmc b
$PO=n_adda, b
return ($P0)
.end
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Random Aside: Operator Overloading

Note that because they are just multi-
dispatch subs, operator overloading Is
just an extra sub.

This Is one of the overloads for

juncnons
.Sub 'Infix;+" :multi( ‘Junction’ )
.param pmc X
.param pmc |
$P0 = find_global ‘infix:+'
return infix_junc_helper($PO, j, x, 1)
.end
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Implementing Built-ins

For now, writing a lot of these In PIR,
because quite a few of them map to
Parrot opcodes

Here Is the built-in to compute the co-

tangent

.Sub 'cotan’
.param num a
$NO = tan a
$NO =1/ $NO
return ($NO)
.end
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Built-ins in Perl 67

We plan to have some built-ins written
In Perl 6 rather than in PIR

PIR will be easlier for some things; for
others it'll be the only way to do it
(when you need to call Parrot opcodes)

However, Perl 6 Is more readable and
easier to maintain, so it makes sense to
write some things in this
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What's
Implemented
Today
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Basic Stuff
Literals of various kinds

Variables: scalars, arrays, hashes
Range of basic operators
Loops

Conditionals (including short-circuiting
and chained)

print, say
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Subroutines
Declaration and calling of subs
Parameter passing

Positional, named and slurpy all
Implemented

Placeholder parameters
Pointy blocks (for anonymous subs)

Basic multiple dispatch (by arity and by
class, but not role or constraint yet)
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Object Orientation
Classes

Attributes
Methods and method calling

Public and private methods
Support for indirect calls
Inheritance
Basic role composition
And more...
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Other Bits
Regex

Grammars
Match objects

Type constraints and runtime type

checking on variables and parameter
lists

Partial implementation of junctions
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Some Live
Examples
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Dice Roll Analyzer

We supply a roll of the dice as a
command line argument and get told:

It'soddifit's 1, 3,or5
It's even ifit's 2, 4 or 6

It's an invalid roll if it isn't between 1
and 6 Iinclusive

Demonstrates junctions and chained
comparisons
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Dice Roll Analyzer

Here's the full program

my $roll = @*ARGSIO];
If 1 <= %roll <=6 {

If $roll == 2|46 {
say "Even”
}
else {
say "Odd"
}
}
else {

say "Invalid roll!"

}
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RPN Calculator
This will demonstrate:

Range of basic constructs: loops and
conditionals

Use of a grammar and rules to parse
the reverse polish notation

Object oriented features
1O from Standard In
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RPN Calculator

First, the grammar

grammar RPNEXxpression {
rule TOP { ~ <Expr>+ $ };
rule Expr {
<Value>+ <Op>*
}
rule Value { \d+[\.\d+]? };
tokenOp {'/'| ™' | '+ |"-'};
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RPN Calculator

Now stub In the evaluator class

class RPNEvaluator {
has $!parsetree;

method evaluate($self:) {

}
my method perform_op($op, $lhs, $rhs) {

}
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RPN Calculator

The method to perform an operation

my method perform_op($op, $lhs, $rhs) {
if Sop eq /' {%lhs/ $rhs }
elsif $op eq *' {$lhs * $rhs }
elsif $op eq '+'{ $lhs + $rhs }
elsif $op eq '-' { $lhs - $rhs }
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RPN Calculator

The evaluate method

method evaluate($self:) {
my @stack;
for $!'parsetree<Expr> -> $cur {
for $cur<Value> -> $val {
@stack.push(~$val);
}
for $cur<Op> -> $op {
@stack.push($selflperform_op(
~$op, @stack.pop, @stack.pop));
}
}
@stack[0];
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RPN Calculator

Finally, the main program body

for =$*IN -> $expr {
# Does it parse?
If $expr ~~ RPNExpression {
# Instantiate evaluator and evaluate.
my RPNEvaluator $x .= new(
parsetree => $/
);
say $x.evaluate();
} else {
say "Invalid RPN Expression!";
}
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The Road
Ahead
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Things Currently In The Works

Refactoring the way we handle
container types, to clean up type
checking and to prepare the way for
lazy lists, trait application and so forth

Proto-regexes, which will get us closer
to a full regex implementation, allow us
to Implement something closer to the
standard grammar and speed up
parsing
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Things Planned For The Summer

Getting multi-method dispatch
Implemented using the proper Perl 6
algorithm, and working for roles and
constraints

Longest Token Matching support in the
regex engine, for performance gains
and correct regex semantics



Rakudo: Implementing Perl 6 in Perl 6 on Parrot

Things Planned For The Summer

Getting role attributes supported and
role composition improved

Junction auto-threading

Ranges as lazy Iiterators and some lazy
list support

More bullt-in types and routines

Hyper operators, reduction operators,
Cross operators
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How To Play
And Help
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How To Build Rakudo

Check out the source from SVN
https://svn.perl.org/parrot/trunk/
Build It:

perl Configure.pl
make perl6

Run it on the command line, with a

Script or in interactive mode

perl6 —e "say 'Hello, world!"
perl6 script.p6
perlo
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How To Explore The Source
Go Into the rakudo directory

cd languages/perl6
In here you should run the PBC file, not
the executable

..I..Iparrot perl6.pbc
Most exciting stuff in the src directory,
especially under classes, builtins and
parser
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Ways To Help

Try to use It and report problems that
you encounter

Contribute to the test suite

Write a built-in
Contribute to the grammar and actions
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rakudo.org
parrotcode.org
dev.perl.org/perl6/



Rakudo: Implementing Perl 6 in Perl 6 on Parrot

Merci
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Questions?



