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Who Am I?

From England, but currently living In
Slovakia

Hacker on the Parrot project and the
Perl 6 compiler targeting Parrot

In Sweden to speak at this weekend's
Perl workshop, as well as here

Not in Sweden for the beer prices...
At least Sweden has good rock music
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Today

We'll take a quick look at the Parrot
virtual machine

Followed by a quick overview of PCT
(the Parrot Compiler Toolkit)

Then we'll build our own compiler for a
mini-language

Yes, 1t will be Turing complete
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Parrot
pclrrét
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Parrot Is A Virtual Machine
Virtual instruction set

Hides away the details of the
underlying hardware

Interface to 10, threading, etc.

Hides away the detalls of the
underlying operating system

"Write once, run anywhere"
Or as close as Is realistically possible
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Register Architecture
.Net CLR and JVM are stack based

Parrot Is register based

Faster to interpret, since no stack
pointer to keep (need to run on many
odd platforms; shouldn't rely on JIT)

A little easier to JIT-compile too; "just
a register allocation problem

Variable sized register frames per sub
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HLL Feature Support

Parrot provides support for a range of
high-level language features

By providing support for them at the VM
level...

Compilers for different languages
don't need to re-invent the wheel

Different languages can inter-operate
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Examples Of HLL Features In The VM
Common set of calling conventions

Multiple dispatch

Classes, attributes, methods, objects,
Inheritance, introspection (reflection)

Namespaces

Continuations, co-routines, closures
Lexically scoped variables

And more...
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But Languages Are Different!

We want to support a load of existing
languages

Python
Ruby
PHP
JavaScript

But they all have slightly different ideas
about how certain things work...
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PMCs

PMC = Parrot Magic Class

Implement some of a fixed set of
methods that perform a range of
common operations

Range from simple things, like get an
Integer representation of this object...

...to more complex OO-related things,
such as adding a parent class
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Examples Of PMCs

Integer PMC — implements methods
relating to arithmetic

Array PMC — implements methods
relating to keyed access

Class PMC — implements object
orientation related methods

Sub PMC - implements invoke method,
and a few others (name, etc.)
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Different Semantics, Common Interface

The PMCs all provide the same
Interface

Languages can implement this
common Interface to provide their own
semantics

For example, a Perl array can return
"undefined"” on access to an out-of-
range element, whereas a Java array
could throw an exception
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Extensibility
Don't need to have all the PMCs In the
Parrot core: can build them Into a
dynamically linked library

Can also dynamically load additional
opcodes (instructions), to augment the
VM's instruction set

Language distribution = compiler +
(optionally) PMC Library + (optionally)
Opcode Library
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PIR
Parrot Intermediate Representation

Essentially, the Parrot VM's "assembly”

However, for some common things (like
method calls), It turns some syntactic
sugar into the several real instructions it

takes to do it

Also does register allocation for you, so
compiler writers needn't worry about It
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Some Simple PIR Examples

"Hello, world!" — of course
.Sub 'main' :main
print "Hello, world\n"
.end

Compute The Answer

.Ssub 'main' :main

$I10 = 25

$l11 =17

$12 = 310 + $I1

print $I2

print "\n"
.end
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Some Simple PIR Examples

Factorial

.sub 'fact’
param int n
If n > 1 goto rec
return (1)
rec:
$I0=n-1
$11 = fact($10)
$I1 *=n
return ($11)
.end
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Parrot
Compiler
Toolkit
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Writing Compilers Is Easy...
...If you have the right tools

PCT aims to be a Right Tool
You write the "front end":

Grammar, which specifies syntax

Actions, to 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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Compilation Process

Program Source

v

Parse Tree

v

Abstract Syntax Tree

v

Opcode Syntax Tree

v

PIR (Parrot IL)

v

Parrot Bytecode




All Your Dynamic Languages Are Belong To Us
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Compilation Process

Program Source —
+ PGE
Parse Tree <—<
Il NQP
Abstract Syntax Tree <—<
""""" F——"""""""""ecr T
Opcode Syntax Tree <—<
Il PCT
PIR (Parrot IL) ~ [«——__
l Parrot
Parrot Bytecode - —
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Compilation Process

Program Source —
+ PGE
Parse Tree <—<
‘ NQP
Abstract Syntax Tree <—<
""""" F——"""""""""ecr T
Opcode Syntax Tree <—<
Il PCT
PIR (Parrot IL) ~ [«——__
l Parrot
Parrot Bytecode - —
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PGE = Parrot Grammar Engine
Implementation of Perl 6 rules

A bit like regexes, but taken a step
further so we can use them to write a
full grammar

Unlike more traditional tools like lex and
yacc, where you write a tokenizer and a
grammar, here you just write the parse
rules and the tokenizer Is generated for
you
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An Example Rule

You use PGE to write the grammar for
your language

For example, here's how we could
parse an If statement

rule if_statement {
If' <expression> <block>

U}

You put a {*} in place to indicate that
we should run an action
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Compilation Process

Program Source —
v PGE
Parse Tree <—<
‘ NQP
Abstract Syntax Tree <—<
""""" i o1 A
Opcode Syntax Tree <—<
Il PCT
PIR (Parrot IL) ~ [«——__
l Parrot
Parrot Bytecode - —
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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 if statement($/) {

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

$then.blocktype(‘immediate’);

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

);

make $past;
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NOP = Not Ouite Perl 6

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

method if _statement( $/){
my $then := $( $<block> );
$then.blocktype(immediate);
my $past := PAST::Op.new(
$( $S<EXPR>), $then,
.pasttype('if'),
:node( $/)
);

make $past;
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NOP = Not Ouite Perl 6

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

method if statement($/) {

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

$then.blocktype(immediate");

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

);

make $past;
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NOP = Not Ouite Perl 6

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

method if statement($/) {

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

$then.blocktype('immediate’);

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

);

make $past;
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NOP = Not Ouite Perl 6

We Instantiate a new AST node of type
Op

method if statement($/) {

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

$then.blocktype(‘immediate’);

my $past ;= PAST::Op.new(
$( $<EXPR>), $then,
.pasttype('if'),
: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 if statement($/) {

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

$then.blocktype(‘immediate’);

my $past := PAST::Op.new(
$( $<EXPR>), $then,
.pasttype('if'),
: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 if statement($/) {

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

$then.blocktype(immediate");

my $past := PAST::Op.new(
$( $<EXPR>), $then,
-pasttype('if')
‘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 if statement($/) {

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

$then.blocktype(‘immediate’);

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

);

make $past;
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NOP = Not Ouite Perl 6

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

method if statement($/) {

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

$then.blocktype(‘immediate’);

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

);

make $past;
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Compilation Process

Program Source —
+ PGE
Parse Tree <—<
‘ NQP
Abstract Syntax Tree <—<
""""" e ot
Opcode Syntax Tree <—<
‘ PCT
PIR (Parrot IL) ~ [«——__
l Parrot
Parrot Bytecode - —
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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



All Your Dynamic Languages Are Belong To Us

Compilation Process

Program Source —
+ PGE
Parse Tree <—<
Il NQP
Abstract Syntax Tree <—<
""""" I 7o
Opcode Syntax Tree <—<
‘ PCT
PIR (Parrot IL) ~ +——
l Parrot
-

Parrot Bytecode -
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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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Compilation Process

Program Source —
+ PGE
Parse Tree <—<
Il NQP
Abstract Syntax Tree <—<
""""" I
Opcode Syntax Tree <—<
‘ PCT
PIR (Parrot IL) ~ +——
l Parrot
-

Parrot 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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Implementing
A Language
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Plopp

Programming Language On Parrot
Platform
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Plopp
Programming Language On Parrot
Platform

OK, so | named It after my favorite
brand of chocolate sold here in Sweden
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mk language shell.pl

We run this script to create a "stub"

language

C:\Consulting\parrot\trunk>perl tools\dev\imk_languag

creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp
creating C:/Consulting/parrot/trunk\languages\plopp

Configuring languages..........ccccccceceiieennnnn.

e_shell.pl plopp
\config/makefiles/
\config/makefiles/root.in
\plopp.pir
\src/parser/
\src/parser/grammar.pg
\src/parser/actions.pm
\src/builtins/
\src/builtins/say.pir
\t/
\t/harness
\t/00-sanity.t

Complete with an initial unit test
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Language Design
Statement separator ";", blocks "{...}"

Values: integer and string literals
Variables, declared var <ident>

Assignment, arithmetic and comparison
operators

Conditionals: if <expr> <block>
While loop: while <expr> <block>
Input and output from STDIN/STDOUT
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Our Current Grammar

What was generated for us already has
support for values

rule value {
| <integer> {*} #= integer
| <quote> {*} #= quote

}

rule integer { \d+ {*} }

rule quote {
[ \' <string_literal: '\" > \'
| \" <string_literal: "" > \"

] '}
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Operator Precedence Parser
It's hard to write stuff that depends on
precedence levels with a top-down
parser

Thankfully, PGE also has an operator
precedence parser, which is bottom-up

We call into the bottom-up parser when
we need an expression, and back into
the top-down parser when we need a
term
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Operator Precedence Parser

First, we need to define what our terms
are; for now, we just have values

token term {
| <value> {*} #= value

}

Now we'll add the entry point to the
operator precedence parser, haming It

# operator precedence parser entry point
rule expr is optable {...}
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Operator Precedence Parser

Our highest precedence items are
terms

Add an initial rule to our operator
precedence parser that gets a term

# entry back into the top-down parser
proto 'term:' IS precedence('=")
IS parsed(&term)

{...}
And that's our two parsers set up.
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Adding An Action For term

We need to add a grammar action for
our terms

This turns out to be quite simple, since

all it needs to do Is get the PAST of the

subnode

method term($/, $key) {
make $( $/{$key} );
}
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Arithmetic Operations

We can now add our arithmetic ops; we

specify what Parrot op they should
compile to with is pirop('...")

# multiplicative precedence

proto infix:<*> is looser(‘term:’)
Is pirop('n_mul’) {...}

proto infix:</> is equiv(infix:<*>)
Is pirop('n_div'){... }

# additive precedence

proto infix:<+> is looser(infix:<*>)
Is pirop('n_add’) { ... }

proto infix:<-> is equiv(infix:<+>)
IS pirop('n_sub’) { ... }
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Updating The say Statement
We got this rule put in for us

rule statement {
'say' <value>[',' <value> |J* "}

)
However, we want to allow expressions
there, not just values.

rule statement {
'say' <expr>|[',' <expr>]*"'

"}

Update action too
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Variables
First, some new parse rules

rule variable decl {
'var' <variable> {*}
}

token variable {
<alpha>\w* {*}
}

Update term

token term {
| <value> {*} #= value
| <variable decl> {*} #= variable_decl
| <variable> {*} #= variable
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Variables

Now some new actions

method variable($/) {
my $past ;= PAST::Var.new(
:name(~9%/),
:scope('lexical’),
:node($/)
);
make $past;

}

method variable_decl($/) {
my $past := $( $<variable>);
$past.isdecl(1);
make $past;
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Refactoring Statement
The statement rule isn't general enough
— It only handles "say"!

We'll move that to i1t's own rule and
make statement accept it or expr

rule statement {
| <say statement> {*} #= say_statement
| <expr> ;' {*} #= expr

}

rule say statement {
'say' <expr>[', <expr>]*";

"}



All Your Dynamic Languages Are Belong To Us

Assignment

Since we made an expression a
statement and already added variables,

we can now make assignment work
with a single entry in the optable

# assignment precedence

proto infix:<=> is looser(infix:<+>)
IS assoc('right’)
IS pasttype('bind')
Is Ivalue(1)

[}
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Blocks

To be able to do conditionals and while
loops, we need blocks

First, here's the parse rule for a block

rule block {
I{l
<statement>*
l}l
{*}
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Blocks

And the action — we just instantiate a

Block PAST node and put the

statements Into It

method block($/) {

my $past := PAST::Block.new(
:blocktype('immediate’),
:node( $/)

);

for $<statement> {
$past.push( $($ ) );

}

make $past;



All Your Dynamic Languages Are Belong To Us

Some Comparison Operators

We need some comparison operators
before we can add conditionals and
loops

Just more optable entries

# comparision precedence

proto infix:<==> s looser(infix:<=>)
IS assoc('non’)
Is pirop('iseq IPP')
{..}

proto infix:<!=> is equiv(infix:<==>)
Is pirop('isne IPP')
{..}
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Conditionals
A grammar rule...

rule if_statement {
'If' <expr> <block> {*}

}

And an action...

method if statement($/) {
my $past := PAST::Op.new(
$( $<expr>), $( $<block>),
-pasttype('if'),
:node($/),
);

make $past;
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While Loops
Another grammar rule...

rule while statement {

'while' <expr> <block> {*}

}
And another action...

method while_statement($/) {
my $past := PAST::Op.new(
$( $<expr>), $( $<block>),
:pasttype(‘while"),
:node($/),
);

make $past;
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Finally, Update statements Rule

We need to add our two new
statements, so our rule will now look
like this

rule statement {

<if statement>{*} #=If statement
<while_statement> {*} #= while_statement
<say_statement> {*} #= say statement
<expr>";' {*} #= expr

And now we have Turing-complete
Plopp.
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Input

As a final step, we will add a hear built-
In (opposite of say ) that reads a
value in from STDIN

First, we write the implementation of
the built-in in PIR

.sub 'hear'
$PO0 = getstdin
$S0 = $PO0.readline(")
return($S0)

.end
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Input
A parse rule (plus call from term rule)

rule hear {
‘hear' {*}
}

And an action

method hear($/) {
my $past ;= PAST::Op.new(
.pasttype(‘call’),
:name('hear’),
:node( $/)
);

make $past;
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Putting It All Together

Here's a Plopp program using most
features that we have implemented

say "Enter a number to count to";
var upto = hear;
upto = upto + 1;

var counter =1;
while counter '= upto {
say counter;
If counter == 42 {
say "THE ANSWER!!!";
}

counter = counter + 1;
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Going Further



All Your Dynamic Languages Are Belong To Us

PCT Scales Up To Bigger Things

We have been able to quickly
Implement a toy language

However, this Is the same tool we're
using to write the Perl 6 compller

Have object oriented features (classes,
attributes, methods, inheritance), a

wide range of built-in routines and data
types, and even type constraints
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Where To Learn More

The Parrot Website
http://www.parrotcode.org/

The Parrot Blog recently had an 8-part
PCT tutorial posted
http://www.parrotblog.org/

The Perl 6 implementation on Parrot
(named Rakudo) has a site here
http://www.rakudo.org/
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Get Involved!

Join the Parrot and/or Perl 6 compiler
mailing list

Pop onto the IRC channel
Get the source and start hacking

Partial implementations of many
languages — come and help us get
your favorite one running on Parrot

Or if you like C, lots of VM guts work
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Thank You
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Questions?



