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@ JavaScript

@ Perl

@ Python

® PHP

@ Ruby (on Rails)

@ TCL/TK
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Craig® List

SQL (#1), PHP (3), JavaScript (5),
Perl (8), VB (9),ActionScript (10)



Delicious

JavaScript (#1), PHP(2), Python (5),
Ruby (6), Perl (8), LISP(10)



HeshMea

PHP (#4), Perl (5), Python (6),
JavaScript (8), SHELL(9), SQL(10)



Google Code

PHP (#4), Shell (5), Python (6),
Perl (8), Smalltalk (9)



Nor malized

PHP (#3), JavaScript (5), SQL6),
Perl (7), Python (8), VB (10)



Nor malized Fun

Lisp (#14), Scheme (20), Haskell (22), OCaml (30)



What t o Script

systems scripting (shell, work [3ow)
COM scripting

web scripting (server, client)

CAD applications, graphics toolboxes

OmacpsO for “pioductivity softwar eO



Scripts Gr ow Up, Make
You Rich and ...



... and Cause Headaches



large scripts need maintenance
maintenance relies on design information
design information starts with types

all scripting languages are untyped



In th Is context: A Story

module Algol60 {

provide determine_binding,
c ompile,
run;
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In th Is context: A Story

> determine_binding(a_block,an_envOx0O,5);

error: Prst(empy) is u ndebned!
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In th Is context: A Story
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In th Is context: A Story

module Algol60 {
provide determine_binding, ...;

/ | Env Exp VarStr ing Opt ion;..iin ding

de f determine_binding(p,eX,v,w) {
. ..200 lines of code ...

]

... 4 800 lIines of code ...

}



L essas

@ We are producing a l ot of ¢ ode in scripting
languages, because it@ easy and fu n.

@ One th ing that makes scripting languages fun
IS their | ack of static typin g.

@ BUT, th Is also means mairtenance can be hell
because the c ode Is missing basic design
Infor ma ion.



Hom Scripts t o Programs



The Goal

Can we design a typ ed version of a
scripting language so that moving code
fr om the original | anguage t o the typ ed
variant r equires littl e effort?

@ (1) you must add typ es to function
signatu res and str ucture declarat ions

@ (2) you may add typ e aliases.



When scripts g row up...
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Gradual Coversions

What a re the
benepts of
converting some
of the

modules into

typ ed modules?
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Running Programs

You: P(5) {

(repr@ser) (Int efor et )

The Machine: P..101 ey 111



Running Programs

@ How do you know 11lrepresernts a n umber?

@ How do you know itis not a char (ctr |-G, bell)?



Saf ety

@ The represernt/compue/interpret a rrows
somehow ensure that the ma chine doesnD
mingle the bi ts fr om numbers and chars.

@ The mechanism for ensuring safety m ix
techniques for r epresernting data in bits and
compu ing with them .



Safety, Dynamically

@ Add atagtother epresernation of each
value that | dentibes to which set i t bel ongs.

@ Turn arrays into mathematical vectors and
check all in dexing operat ions.

@ Never a pply compuat ional operations to
NULL (.g., In J ava).



Safety, fr om Types

@ Types are theorems about the r un-t ime
behavior of p rograms

@ Type systems prove them.

@ Sq with typ es, we can disallow the e xecution
of programs that a renDsafe.
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Safety, fr om Types

@ BUT ONLY, if the p roof system (aka typ e
sysem) predicts the beha vior correctly (typ e
soundness).

@ Milner (77): Typed Programs Car©Go Wrong.

@ Wright-Felleisen (91): Unkss the L anguage
Allows Division and Programs Dwvide by Z ero.
Or array indexing. Or list with bPrgt, rest. Etc.



Safety, fr om Types

Examples:.

@® SML: safe, typ ed, and sound
@ C++: an unsound typ e system
@ PLT Scheme: safe and untyp ed

@ Assembl/: do what y ou want



The Problem with MilnerO




The Problem with QMilnerO

module email {
provide overlay,
r otate,
tr anshte,

overlay(i){... }

}

module email {
provide overlay,
r otate,
tr anskte,

overlay(i) { ...}

}



The Problem with QMilnerO

.. and the r un-t ime environment
always contains some untyp ed code



Hom Scripts t o Programs
the Re st
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(Partially Typed Scripts)
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Type Soundness Thm.

(Partially Typed Scripts)

module email {
provide overlay,

e,
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Type Soundness Thm.

(Partially Typed Scripts)

array_index:
Array[X] NatNumber -> X

&&
forarray Index(a,l):
(0<=1) & (I<a. length)




Type Soundness Thm.

(Partially Typed Scripts)

Assump ions.
@ Mix Simply Typed and Untyp ed Lambda

Calculus as scripting languages, wit h modules.

@ The programmer a dds typ es t o one module.

@ Our typ e system checks the se typ es and
generates contr act mo dules (via
constr aints).



Detalils: Tobin-Hochstadt an d Felleisen DLS 2006

Related: Matthews and Findler, POPL 2007

Elegant P roof: Wadler and Findler, Scheme 2007






The Goal

Can we design a typ ed version of PLT
Scheme that accommodates the e xisting
programming styl e (as much as possible)?

@ PLT Scheme Is a scripting language.

@ We know how people tend to use it.



Scheme

@ Programmers superimpose typ e-l ke
reasoning during design.

@ Programmers borrow and combine t echniques
fr om many different typ e systems

@ Programmers reason Oly RowO



Scheme
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(dePne-str uct rectangle (ul width heig ht c olor bl 1?))

., Rectangle =
;; (make-r ectangle Posttion Nat N at Color Boolean)

., Rectangle -> Number
;; what Is the a rea of the r ectangle r ?

(debPne (rectangle-arear) ...)
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(dePne-str uct circle (center r adius color o ut?))
., Circle = ...

., Shape Is one of:

., - P ostion % r epresents adotw/o area
., -- Re ctangle

.. -- Cir cle



Scheme

., Shape -> Nat
., what is the a rea of shape s?

(debPne (shape-area s)

(cond

[ (posn? g 0]
[ (circle? s) (* pi ( sgr (circle-radius s)))]

il



Scheme

., Shape -> Nat
., what is the a rea of shape s?

(debPne (shape-area s)

(cond
[ (posn? § O]
[ (circle? ) (* pi ( sqr NI
gkl



Scheme

.. (map shape-area list-of-r ectangles) ...









Scheme

.. (Map rectangle-area
(Pl terr ectangle?
| Ist-of-sha peyg)) ...



Scheme

.. (map rectangle-area
(Pl terr ectangle?

I Ist-of-sha pes)) ...

Occurrence Typing, via tr aversals



Typed Scheme

@ Scheme but e xplicitly and statically typ ed plus ...

@ Novel | dea: occurrence typin g;

@ 1r ue union typ es,

@ recursive typ es,

@ explicit p olymorphism (with some local inf erence);

@ and several more t o come.



Occurrence Typing

Nalve:

I 1 if (pred? x) then th else el : t
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Occurrence Typing

Nalve:

| + X:;pred! th:t

| 1 (pred? x) : tl

l -xpred! el:t

I 1 if (pred? x) then th else el : t
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Real: visible predicates ! ! exp:t, pred

| 1 if tst(x) then th else el :t, predO
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Occurrence Typing

Real: visible predicates ! ! exp:t, pred

| 1 tst(x): t1, pred(x)
| + x:pred(x)! th:t , predO

| -x:pred) ! el : t, predO

| 1 if tst(x) then th else el :t, predO



Occurrence Typing

Latent predicates ! ! exp:t-p red->s

I 1 (lambda (x : t ) body) : t-p red->s, TRUE

plus an elimination rule for var a pps



Occurrence Typing

Latent predicates ! ! exp:t-p red->s

I, x:t ! body(X): s, pred(x)

I 1 (lambda (x : t ) body) : t-p red->s, TRUE

plus an elimination rule for var a pps



Occurrence Typing

@ predicates are compued so that (p red? x)
falls out a s a special case

@ (or (number? x) (boolean? x)) has a
compuable visible predicate.

@ (debne (f x) (number? x)) has a latent

predicat e, meaning that u ser-debned
predicat es also dist inguish variable
occurrences.
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Typed Scheme: Plter

blter: (" ->bool) [Listof " ]->[Listof " ]
blter: <|' (" ->bool) [Listof "] ->[Listof " ]
bliter . <|'# (" -#->Dbool) [Listof " ] -> [Listof #]

Plteractsnot ju stas a selector
but a s the cr eator of a subtyp e



Typed Scheme: callcc

call-w ith-cu rrent-cont inuat 1on:
<|II (((ll _> g) _> 11 ) _> 11

¢ (U)=theemptytyp e, l.e,
the fu nction cannot p roduce a value



Type Soundness Thm

The Proof

| sabelle/ HOL
with Omominal®O € SR Rgex

!

Standard Soundness Thm for O




Typed PLT Scheme
In Practice



Pract ice

@ New typ e systems are a dime-a- dozen.

@ Only a practical evaluation can determine
whetheritis tr uly useful.

@ Typed Scheme is fu lly implemented atop PLT
Scheme (and DrScheme).



Pract ice: Implementat ion

@ Typed Scheme fr om macros
@ Typed Scheme and (maost) macros

@ Typed Scheme and PLT modules



Practice: Modules

(module net mzs cheme
(debPne-str uct hea der (to fr om bcc))
(debPne (create-headertf. Db)..)

(debPnre (send-mail h subje ct bo dy) ...)
(provide header? create-header send-mail))

(module email-typ ed (lib Otyped-scheme.s)
(require (lib Oret.s0))
-




Practice: Modules

(module net mzs cheme
(debPne-str uct hea der (to fr om bcc))
(debPne (create-headertf. Db)..)

(debPnre (send-mail h subje ct bo dy) ...)
(provide header? create-header send-mail))

(module email- -typ ed (lib Otyped-scheme.s)

(reguire={ib-GrEsdl))

1 W
[ ] ll)




Practice: Modules

(module email-typ ed (lib Otyped-scheme.s0)

(provide send-lottery-emails))
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Practice: Modules

(module email-typ ed (lib Otyped-scheme.s0)
(require/ opaque-typ e (lib Oret.s0)
Hea der header?)
(require/typ ed (lib Omt.s0)
| create-header ( String Str ing -> Header)]
| send-mail (Header Str ing Str ing -> Void)])

(provide send-lottery-emails))




Practice: Modules

(module email-typ ed (lib Otyped-scheme.s0)
(require/ opaque-typ e (lib Oret.s0)
Hea der header?)
(require/typ ed (lib Omt.s0)
| create-header ( String Str ing -> Header)]
| send-mail (Header Str ing Str ing -> Void)])

(provide send-lottery-emails))

(module xmas (lib Otyped-scheme.s0)
(require Oemail-typed.s) ..)




Practice: Limitat ions

@ no contr act synthe sis (labor)

@ importing Omlymor phicOfu nctions fr om untyp ed
modules into typ ed modules

@ complex macro debnitions (classes, components)



Pract ice: Experiments

@ formaive: The Little Schemer (500 lines of c ode)

@ Essertials of P rogramming Languages (1200 | oc)
@ galore.plt: a fu nctional HEAP library (500 | oc)
@ squadron-scramble.com: a game program (3,100 | oc)

@ plus a handful of we b and shell scripts ( ~2,0 00 | oc)



Pract ice: Experiments

@ bottom line: We can get a way with 3- 5%
changes (new lines) t o a module.

@ conversion effort: We add typ es to function
signatures, and we declare recursive typ es
(and typ e aliases). That@ it.



Pract ice: Experiments

@ S-expressions encode invariants: O(1 2) ha
typ e (cons Number (cons Number NULL)); but
(map addl O(1 2)) heityp e [Listof Number].

@ Parametr ic NULL and interf aces

@ (If (number? (* (sqr ") 0)



Other Related Work



Soft Typing

@ The (RiceOSchool of Thought: Fagan (O89),
Wright (094), Fanagan (098), Meuier (O06)

@ Alken and Heintz e

@ Henrglein



Gsradual OTyping

@ Canmon Lisp (Guy Steele 1980)

@ Type Dynamic (Abadietal 91, Gray et al 05)
@ Perl 6 (Pugs, Audrey Tang eta l.)

@ Taha and Siek (2006)

@ Flanagan etal (2007)






What we ha ve

@ the problem: too much code Iin untyp ed
scripting languages

@ the theo retical fr amework: gradually
migrat ing scripts t o typ ed scripts

@ the practical experience: Typed Scheme



Where we wantt o go

@ theory: improve the @ccurrence typin gO
sysem and calculus

@ practice: polish the c orners of Typed Scheme
(classes, Iimport/export)

@ sociological: g et p eople t o use the system,
get f eedback, improve






The End

Sam Tobin-Hochst adt
lvan Gazeau (ENS

Ryan Culpepper
and a bunch of Oealy adoptersO



