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programming languages




STEPS

... toward the reinvention of programming




The STEPS Project

® Goal: To create a highly useful end-
user system including...

® operating system

programming environment PGI‘SO”GI

“applications” computing

graphics, sound




... in under
20,000 LOC!




-------

D tails

Sample Petures
Fie Foich
Disfe Mockfasch Pridary, Jamuary

4, 2000, 306 AM

Fir Edit  Wew

Pick a category
P—

e a Slart | Sampis Potures

T
o v g
L 1) sountn, Specch s gevees pcessvyOptns
o — (i
Windows XP
~40 million LOC
L P



X @ Getting Started... O)

(w1 Welcome Lo...

Squeak iz o work in progres: tased on Smalltalk-80, with which it@

iz ztll reasonably compatible. Every Squeak release includes all

source code for the Squeak svatem, as well ag all source code for

itz Virtual Machine (WM, or interpreter. alzo written in smalltali) S
Browser openbBrowser

[Blue items in thiz window are active 1ext. IF an ilem containg a

URL, it will require internet access and may take 2 while 10 ]cad]ﬂ

Hot only if all sourde <ode included, and changeable at will, it is
algo completely openy and free. The Squesk syatem imags runs
bit-identically acrosz all plaiforme, and YMz are available for just
abot every computer and operating syztem availakle. The
hiztory of the Squeak project can e read an

()

The worlds of Squeak

dizmize thiz metm
browzer !
package browser |
method finder
workspace

fille list

file,..

iranscripl

infuetr wogrld
simple change 50
dual change sortc|

Prpesiet oo e AT Tn Sk Anes LIS A Sueak hviml
The Squeak license and most other relevant informatioh ¢an te
found on the Squeak Home Page,

hitp:/feww. Squeak. org W B Game O

Thiz release of Squeak uzes the w ot ol ure. JX 0
Squeak alzo incliudez an MYVLC af > MY X @
| prajects (see the world meny "o i T Collections-Sequenceable

email reader
web browier
IRC chat

M¥E project T
morphic prope: g

b
Senders of add:afterindex: [4)
OrderedCollection hierarchy

Protoltject = all add
Oitject Al accessing A addzaf ter:
Collection COpy it add:af terlnde:
SequenceatbleCollect Jadding add:taf ore:
ru . . Cgderedlollection '| tremoving addall:
% @ Method Finder raphicSymbol |- Jenumerating addallEiren:

- - - KL el b 1im e private addalllLast: i . 1
'{: A 1 4:! il 3::' Tile #Collection includesAIIDE: instanos F clazs tE"."Ht'.IE 3 addirst Mgl M him Staw
et o AAl mope Bacordl Firp Pl
41 BS99 1401 @ adding « 1 implementor &« in D0 changs el &

|sEnders [-impln:m::ltnrsllvcr.sinnslIinl'.i:ritl:m-:c]rhlcrarchyJL:nst ve.r.s][;_:]e..s.s F

az an element of the receiver. Put it in
newer newlbject.”

#{1
#(]
={1
=(] 2

VineludesANOE: F(2 3 ) == true
includezanyilf: =2 3 ) - tru
windowRegqlewlabel: #{2 3 )
= ®(Z T ) — true
= EE T ) — true

L
Tl el e o

ol D Ll

I¥pe a Iragment of a selecior 1n the op pafie. ACCE

Or, use an example 10 find & method in the sysem. 200 h d LOC
receiver. args and answer in the wp pane with per ~ t Ousan

the items, 3 4. F

irsilngex + index

ol H Il P




Why!?

® To put people in charge of their own SW
destinies

® No single person can understand
40,000,000 LOC (~library)

® You can “own” 20,000 LOC (~book)







Why! (cont’d)

® Didactic value

® a curriculum for university students to
learn about powerful ideas

® may even be good for AP C.S.




Programming Languages

® STEPS: code size, understandability

® Choice of programming language has a big
impact on both

® What’s the right one for STEPS!?
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Long Lines...

® |t takes lots of time and effort to implement
a programming language

® |imits how much experimenting we can do




Big and Bad

® Traditional PL
implementations are BIG

® only have 20k LOC for
the whole thing!










an OO language
for pattern
matching







JavaScript (OMeta/Squeak)
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eval

If

Tile
polygon
X

a4

[

: function(sid

@ a JSWorkspace

polygon = function(side) {
for (vari=0;1 < side; i++) {
forward(100);
turn(360 / side);

}
}

[¢ polygon(5);

for(vari=0; 1 <side; i++) {
forward(100);
turn(360 / side);

1 1}




Sun’s Lively Kernel (OMeta/COLA)

T ccllect

Body

Canvas
CheaptMenutorph
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Date
DropShadowCanvas
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InputEvent
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MouzeHandlerForlragging
Mumber

Object
PaztellpMorph

Pen

Foint

PrimCanvas
PrimTextBox
PrimTextLine
Rectangle

Shape
StepHandler
String

TextHorph
Wor1dMorph
WorldState

copylli thoutAll
includes

Join

pop
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zort
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toString
unshift

Big Text

Unbaordered

P = new Pen(ik
P,zetPenColoriColor,red) s
For(var i=l: i<=00: ji++)

1 P.gof2*i): P.turniB0): s
P.drawlines():




Toylog

® Front-end to Prolog for children

® Runs on Squeak

e ~/0 LOC

Homer 1s Bart'’s father.

Marge 1s Bart’s mother.

X 1s y’'s parent i1f x 1s y’s father or
or X 1s y'’'s mother.

X 1s Bart’s parent?







What can OMeta do
for you!

® Make your life easier with DSLs

® good DSLs come from people who need
them

® not PL people
® Make your apps scriptable by end-users

® ... without making them learn Smalltalk




Roadmap

® A brief overview of OMeta
® pattern matching
e OO features

® OMeta/|S




Traditional PL Implementation

- Batman UTiLiTy BELT




Traditional PL Implementation

- Batman UTiLiTy BELT

visitors,
for
AST transformations
and code generation

for lexical analysis for parsing



Pattern Matching:
A Unifying |dea!

¢ lexical analysis: characters — tokens

® parsing: tokens — parse trees

e constant folding and other
optimizations: parse trees — parse trees

® code generation: parse trees — code




Why use PM for
everything!?

® Simplicity

® | ess stuff to learn (lowers learning curve)

® Great for extensibility

® trad.impls hard to extend

® OMeta: every part of PL impl. (e.g.,

parsing, tree traversals, codegen) can be
extended using same mechanism




Pattern Matching

® Other langs have PM, do we need OMeta!

® ML-style pattern matching

® great for tree transformations

® not good for lexing/parsing

® “That’s what ML-lex and ML-yacc are for!”
® OMeta is based on PEGs




Parsing Expression Grammars
(PEGs) [Ford, ‘04]

® Recognition-based foundation for describing
syntax

® Only prioritized choice
® no ambiguities
® easy to understand
® Backtracking, unlimited lookahead

® Semantic predicates, e.g., ?[x == y]




PEGs, OMeta style

$O | ... | $9

<num> <dig>
<dig>

<expr> S+ <num>
<num>




PEGs, OMeta style

($0 | ... | $9):d

<num>:n <dig>:d
<dig>

<expr>:e $+ <num>:n
<num>




PEGs, OMeta style

($0 | ... | $9):d => [d digitValue]

<num>:n <dig>:d => [n * 10 + d]
<dig>

<expr>:e $+ <num>:n => [{#plus. e. n}]
<num>




Increasing Generality

® PEGs operate on streams of characters
® OMeta operates on streams of objects
* anything matches any one object
strings, e.g., ‘hello’
symbols, e.g,. #ans
numbers, e.g., 42

“listy” objects, e.g., { ‘hello’ #ans 42 {}}




Example: evaluating parse trees

eval ::= {#plus <eval>:x <eval>:y}

| <anything>:n ?[n isNumber]

{#plus. {#plus. 1. 2}. 3} -6




(SO0 | ... | $9):d => [d digitValue]

<num>:n <dig>:d => [n * 10 + d]
<dig>

<expr>:e $+ <num>:n => [{#plus. e. n}]
<num>




OMeta is Object-Oriented




OMeta is Object-Oriented




OMeta is Object-Oriented




OMeta is Object-Oriented

OMeta




Parameterized rules




Parameterized rules

<anything>:x ?[x >= a]
2[x <= b] => [x]




Parameterized rules

<anything>:x ?[x >= a]
?2[x <= b] => [X]

digit ::= <range S0 $9>




Higher-order rules

formals ::= <name> ($, <name>)*
args = <expr> ($, <expr>)*




Higher-order rules

formals ::= <name> ($, <name>)*
args ::= <expr> ($, <expr>)*

listOf :p ::= <apply p> ($, <apply p>)*




Higher-order rules

formals ::= <name> ($, <name>)*
args ::= <expr> ($, <expr>)*

listOf :p ::= <apply p> ($, <apply p>)*

formals ::= <listOf #name>
args ::= <listOf #expr>




OMeta)S = OMeta + JavaScript




OMeta)S = OMeta + JavaScript

OMeta)S
Parser




OMeta)S = OMeta + JavaScript
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OMeta)S
Parser




OMeta)S = OMeta + JavaScript
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Parser




OMeta)S = OMeta + JavaScript

S

/

OMeta)S
Parser

® duplicated effort

® versioning problem



Foreign rule invocation

® | end input stream to another grammar

ometa OMetadSParser {
ometajs ::= <foreign OMetaParser #grammar>
| <foreign JSParser #stmt>

}

® Compose multiple grammars w/o worrying
about name clashes




This OMeta, That OMeta

® Several versions of OMeta:
OMeta/Squeak
OMeta/COLA

OMeta/|S

y different syntaxes

ifferent languages for semantic actions
and predicates




OMeta/|S



JavaScript Workspace

Takashi Yamamiya’s handy work
Inspiration for OMeta/JS
Workspace-style interface for JavaScript

Runs inside the web browser,
works like a Wiki




JavaScript

® Dynamic language
® First-class functions (closures)

® |ate-bound

® eval()
® Huge performance improvements lately

® new webkit runs at “.5 Squeaks”




Plus...

IT’S

EVERYWHERE!




Worl.cl's
BEST
RANDAL

ASSEMBLY
LANGUAGE




JavaScrlpt-
The Good Parts

O'REILLY" | 'YAHOOL!PR




Switch to

web
browser







Forget Guitar Hero...
I could be the next Dan
Ingalls!
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For more info...

e DLS’07 Paper

¢ OMeta Mailing List
http://vpri.org/mailman/listinfo/ometa

e OMeta/]S wiki
http://jarrett.cs.ucla.edu/ometa-7js

® Ask questions now



http://vpri.org/mailman/listinfo/ometa
http://vpri.org/mailman/listinfo/ometa
http://jarrett.cs.ucla.edu/ometa-js
http://jarrett.cs.ucla.edu/ometa-js




Selected Related Work

Parsing Expression Grammars [Ford, ‘04]
LISP70 Pattern Matcher [Tesler et al., 73]

Parser combinator libraries [Hutton,‘92],
[Bracha’0/]

“Modular Syntax” [Grimm, 06]




