Typed Scheme

From Scripts to Programs

Sam Tobin-Hochstadt
Northeastern University



The PL Renaissance




The PL Renaissance

@, python @




The PL Renaissance




What's good

These languages are
o Interactive
© designed for rapid development
© supported by an active community
© modular

© higher-order

And they’re exciting!



What's not so good

define (main stx trace-flag super-expr
deserialize-id-expr nanme-id
| nt erface-exprs def n-and-exprs)

(let-values ([(this-id) # this-id]
[(the-obj) (datum >syntax (quote-syntax here) (gensym'self))]
[(the-finder) (datum >syntax (quote-syntax here) (gensym'find-self))])
(let* ([def-ctx (syntax-local-make-definition-context)]
[l ocalized-map (make-bound-identifier-nmapping)]
[any-1ocal i zed? #f]
[localizel/set-flag (lanbda (id)
(let ([id2 (localize id)])
(unless (eq? id id2)
(set! any-localized? #t))
id2))]
[bind-1ocal-id (Ianbda (id)
(let ([I (localize/set-flag id)])
(syntax-| ocal - bi nd-syntaxes (list

id) #f def-ctx) -
(bound-i denti fi er - mappi ng- put!
I ocal i zed- map I In‘ ES
id

Nl
[ ookup-1localize (lanbda (id)
(bound-i denti fi er - mappi ng- get
|l ocal i zed- map
id
(1anbda ()
I'f internal & external names are distinguished,
we need to fall back to localize:
(localize id))))])
HIEEEEE) Expand definitions -----
(let ([defn-and-exprs (expand-all-forms stx defn-and-exprs def-ctx bind-1ocal-id)]
[bad (lanbda (nsg expr)
(raise-syntax-error #f nsg stx expr))]
[class-nane (if nane-id
(syntax-e nane-id)
(let ([s (syntax-local-infer-nane stx)])
(if (syntax? s)
(syntax-e s)
s)1)
HEEE T Basi c syntax checks -----
(for-each (lanbda (stx)

(syntax-case stx (-init init-rest -field -init-field inherit-field
private public override augride
public-final override-final augnent-final
pubment overnent augnent
rename-super inherit inherit/super inherit/inner rename-inner
i nspect)

[(formorig idp ...)
(and (identifier? # form
(or (free-identifier=? # form (quote-syntax -init))
(free-identifier=? # form (quote-syntax -init-field))))]))))))



What's not so good

: Start here:

(define (main stx trace-flag super-expr
deserialize-id-expr nanme-id
| nt erface-exprs def n-and-exprs)

(let-values ([(this-id) # this-id]
[(the-obj) (datum >syntax (quote-syntax here) (gensym'self))]
[(the-finder) (datum >syntax (quote-syntax here) (gensym'find-self))])
(let* ([def-ctx (syntax-local-make-definition-context)]
[l ocalized-map (make-bound-identifier-nmapping)]
[any-1ocal i zed? #f]
[localizel/set-flag (lanbda (id)
(let ([id2 (localize id)])
(unless (eq? id id2)
(set! any-localized? #t))
id2))]
[bind-1ocal-id (Ianbda (id)
(let ([I (localize/set-flag id)])
(syntax-|ocal - bi nd-syntaxes (list id) #f def-ctx)

L]
(bound-i denti fi er-mappi ng- put!
I ocal i zed- map I
id

Nl
[ ookup-1localize (lanbda (id)
(bound-i denti fi er - mappi ng- get
|l ocal i zed- map
id
(1anbda ()
I'f internal & external names are distinguished,
we need to fall back to localize:
(localize id))))])
HIEEEEE) Expand definitions -----
(let ([defn-and-exprs (expand-all-forms stx defn-and-exprs def-ctx bind-1ocal-id)]
[bad (lanbda (nsg expr)
(raise-syntax-error #f nsg stx expr))]
[class-nane (if nane-id
(syntax-e nane-id)
(let ([s (syntax-local-infer-nane stx)])
(if (syntax? s)
(syntax-e s)
s)1)
HEEE T Basi c syntax checks -----
(for-each (lanbda (stx)

(syntax-case stx (-init init-rest -field -init-field inherit-field
private public override augride
public-final override-final augnent-final
pubment overnent augnent
rename-super inherit inherit/super inherit/inner rename-inner
i nspect)

[(formorig idp ...)
(and (identifier? # form
(or (free-identifier=? # form (quote-syntax -init))
(free-identifier=? # form (quote-syntax -init-field))))]))))))



What's not so good

, main . stx bool stx Id 1d stxs stxs -> stXx
(define (main stx trace-flag super-expr

deserialize-id-expr nanme-id
| nt erface-exprs defn-and-exprs)

(let-values ([(this-id) # this-id]
[(the-obj) (datum >syntax (quote-syntax here) (gensym'self))]
[(the-finder) (datum >syntax (quote-syntax here) (gensym'find-self))])
(let* ([def-ctx (syntax-local-make-definition-context)]
[l ocalized-map (make-bound-identifier-nmapping)]
[any-1ocal i zed? #f]
[localizel/set-flag (lanbda (id)
(let ([id2 (localize id)])
(unless (eq? id id2)
(set! any-localized? #t))
id2))]
[bind-1ocal-id (Ianbda (id)
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N1
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(bound-i denti fi er - mappi ng- get
|l ocal i zed- map
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(lanbda ()
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we need to fall back to localize:
(localize id))))])
HIEEEEE) Expand definitions -----
(let ([defn-and-exprs (expand-all-forms stx defn-and-exprs def-ctx bind-1ocal-id)]
[bad (lanbda (nsg expr)
(raise-syntax-error #f msg stx expr))]
[class-nane (if nane-id
(syntax-e nane-id)
(let ([s (syntax-local-infer-nane stx)])
(if (syntax? s)
(syntax-e s)
)N
HEEE T Basi c syntax checks -----
(for-each (lanbda (stx)

(syntax-case stx (-init init-rest -field -init-field inherit-field
private public override augride
public-final override-final augnent-final
pubment overnent augnent
rename-super inherit inherit/super inherit/inner rename-inner
i nspect)

[(formorig idp ...)
(and (identifier? # form
(or (free-identifier=? # form (quote-syntax -init))
(free-identifier=? # form (quote-syntax -init-field))))]))))))



What's not so good

, main : stx bool stx (or #f 1d) 1d stxs stxs -> stx
(define (main stx trace-flag super-expr

deserialize-id-expr nanme-id
| nt erface-exprs defn-and-exprs)

(let-values ([(this-id) # this-id]
[(the-obj) (datum >syntax (quote-syntax here) (gensym'self))]
[(the-finder) (datum >syntax (quote-syntax here) (gensym'find-self))])
(let* ([def-ctx (syntax-local-make-definition-context)]
[l ocalized-map (make-bound-identifier-nmapping)]
[any-1ocal i zed? #f]
[localizel/set-flag (lanbda (id)
(let ([id2 (localize id)])
(unless (eq? id id2)
(set! any-localized? #t))
id2))]
[bind-1ocal-id (Ianbda (id)
(let ([I (localize/set-flag id)])
(syntax-|ocal - bi nd-syntaxes (list id) #f def-ctx)

L]
(bound-i denti fi er-mappi ng- put!
I ocal i zed- map I
id

N1
[ ookup-1localize (lanbda (id)
(bound-i denti fi er - mappi ng- get
|l ocal i zed- map
id
(lanbda ()
I'f internal & external names are distinguished,
we need to fall back to localize:
(localize id))))])
HIEEEEE) Expand definitions -----
(let ([defn-and-exprs (expand-all-forms stx defn-and-exprs def-ctx bind-1ocal-id)]
[bad (lanbda (nsg expr)
(raise-syntax-error #f msg stx expr))]
[class-nane (if nane-id
(syntax-e nane-id)
(let ([s (syntax-local-infer-nane stx)])
(if (syntax? s)
(syntax-e s)
)N
HEEE T Basi c syntax checks -----
(for-each (lanbda (stx)

(syntax-case stx (-init init-rest -field -init-field inherit-field
private public override augride
public-final override-final augnent-final
pubment overnent augnent
rename-super inherit inherit/super inherit/inner rename-inner
i nspect)

[(formorig idp ...)
(and (identifier? # form
(or (free-identifier=? # form (quote-syntax -init))
(free-identifier=? # form (quote-syntax -init-field))))]))))))



What's not so good

. main (Stx Bool Stx (U #f 1d) Id Stxs Stxs -> Stx
define (main stx trace-flag super-expr

deserialize-id-expr nanme-id
| nt erface-exprs defn-and-exprs)

(let-values ([(this-id) # this-id]
[(the-obj) (datum >syntax (quote-syntax here) (gensym'self))]
[(the-finder) (datum >syntax (quote-syntax here) (gensym'find-self))])
(let* ([def-ctx (syntax-local-make-definition-context)]
[l ocalized-map (make-bound-identifier-nmapping)]
[any-1ocal i zed? #f]
[localizel/set-flag (lanbda (id)
(let ([id2 (localize id)])
(unless (eq? id id2)
(set! any-localized? #t))
id2))]
[bind-1ocal-id (Ianbda (id)
(let ([I (localize/set-flag id)])
(syntax-|ocal - bi nd-syntaxes (list id) #f def-ctx)

L]
(bound-i denti fi er-mappi ng- put!
I ocal i zed- map I
id

Nl
[ ookup-1localize (lanbda (id)
(bound-i denti fi er - mappi ng- get
|l ocal i zed- map
id
(1anbda ()
I'f internal & external names are distinguished,
we need to fall back to localize:
(localize id))))])
HIEEEEE) Expand definitions -----
(let ([defn-and-exprs (expand-all-forms stx defn-and-exprs def-ctx bind-1ocal-id)]
[bad (lanbda (nsg expr)
(raise-syntax-error #f nsg stx expr))]
[class-nane (if nane-id
(syntax-e nane-id)
(let ([s (syntax-local-infer-nane stx)])
(if (syntax? s)
(syntax-e s)
s)1)
HEEE T Basi c syntax checks -----
(for-each (lanbda (stx)

(syntax-case stx (-init init-rest -field -init-field inherit-field
private public override augride
public-final override-final augnent-final
pubment overnent augnent
rename-super inherit inherit/super inherit/inner rename-inner
i nspect)

[(formorig idp ...)
(and (identifier? # form
(or (free-identifier=? # form (quote-syntax -init))
(free-identifier=? # form (quote-syntax -init-field))))]))))))
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Thesis

Module-by-module porting of code from an
untyped language to a typed sister language
allows for an easy transition from untyped scripts

to typed programs.
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Thesis

Module-by-module porting of code from an
untyped language to a typed sister language
allows for an easy transition from untyped scripts

to typed programs.
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Modules

Contracts

Why PLT Scheme?

Abstractions
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Typed Scheme In 3 Slides



Hello World

(4 ang schene \
\(prlntf Hell o Worl d\n") )
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Hello World

(4 ang typed-schene \
\(prlntf Hell o Worl d\n") Y
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Functions
\

(#Iang schene ack

ack : Integer Integer -> |Integer
(define (ack mn)
(cond [(<=mO0O) (+ n 1)]
(<= n0) (ack (- m1l) 1)]
else (ack (- m1l) (ack m(- n 1)))]))

k 2
\gac 3) )




Functions

(#Iang t yped- schene ack‘\

(: ack (Integer Integer -> |Integer))
(define (ack mn)

(cond [(<=mO0O) (+ n 1)]
(<= n0) (ack (- m1l) 1)]
else (ack (- m1l) (ack m(- n 1)))]))

\gack 2 3) )




Modules

(#Iang

ack :

schene

| nt eger | nteger -> Integer
(define (ack mn)

ack‘\

(cond [(<= mO0O) (+ n 1)]
(<= n 0) (ack (- m1) 1)]

9 (else (ack (- m1) (ack m(- n 1)))])))
@ 2 )
#| ang schene
(require ack)

(ack 2 3)

\ ;/
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Modules

(: ack (Integer

(#Iang t yped- schene

| nt eger -> I nteger))

ack‘\

(define (ack mn)

(cond [(<=mO0O) (+ n 1)]

(<= n0) (ack (- m1l) 1)]

L (else (ack (- m1) (ack m(- n 1)))])))
(. 2 )
#| ang schene
(require ack)
(ack 2 3)
\ ;/
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Modules

(#Iang

ack :

(define (ack mn)

schene acki\

| nt eger | nteger -> Integer

\_

(cond [(<= mO0O) (+ n 1)]
;(<: n 0) (ack (- m1l) 1)]
9 (else (ack (- m1) (ack m(- n 1)))])))
(4 )
ang typed-schene

(require [ack

(ack 2 3)

(I nteger Integer -> Integer)])
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Modules

(#Iang t yped- schene ack

(:

ack (Integer Integer -> Integer))
(define (ack mn)

~

-

(cond [(<= mO0O) (+ n 1)]
;(<: n 0) (ack (- m1l) 1)]
9 (else (ack (- m1) (ack m(- n 1)))])))
@ 2 )
#| ang t yped-schene

(require ack)

(ack 2 3)

24



Sound Interoperation



Typed & Untyped

(4 ang typed-schene \
(: add5 (Nunber -> Nunber))

(define (add5 x) (+ x 5))

g J
@ . )
#| ang schene
(require server)

(add5 7)

1\ ;/
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Untyped code can make mistakes

Typed & Untyped

(4 ang typed-schene \
(: add5 (Nunber -> Nunber))

(define (add5 x) (+ x 5))

g _J
@ s )
#| ang schene
(require server)

(add5 "seven")

1\ ;/
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Typed & Untyped

Untyped code can make mistakes

(4 ang typed-schene \

(: add5 (Nunber -> Nunber))
(define (add5 x) (+ x 5))

. _
([ : 2 )
#| ang schene

(require server)
(add5 "seven")

+:

g 4)

expects type <nunber> as 1st argunent
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Catch errors dynamically at the boundary

Typed & Untyped

(4 ang typed-schene \

(: add5 (Nunber -> Nunber))

(define (add5 x) (+ x 5))

g _J

(", . )

#| ang schene

(require server)

(add5 "seven")

g ;/
client broke the contract on addb
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Typed & Untyped

Catch errors dynamically at the boundary

(41 ang scheme “server )
(define (add5 x) "x plus 5")

1\ ;/
@ . 2
#| ang typed- schene
(require server

[ add5 ( Nunber -> Nunber)])
2
\gadd5 ) Y

server

| nterface broke the contract on addb5
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Typed & Untyped

Catch errors dynamically at the boundary

(4 ang typed-schene \

(: addx (Nunmber -> (Nunmber -> Nunber)))
(define (addx x) (lanmbda (y) (+ X vy)))

. _
([ : 2 )
#| ang schene

(require server)
((addx 7) ' bad)

g 4)

cli ent broke the contract on add5




The Blame Theorem

If the program raises a contract error, the blame is
not assigned to a typed module.
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The Blame Theorem

Well-typed modules can’t get blamed.
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The Blame Theorem

Allows local reasoning about typed modules,
without changing untyped modules.

Choose how much static checking you want.
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Types for Scheme
Occurrence Typing Variable-Arity

Refinement Types
Ad-Hoc Data



Types for Scheme

(4 ang typed-schene \
(: T (Any -> Nunber))
(define (f x)
(1f (nunmber? x)
(addl x)
0))
\ J
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Types for Scheme

(4 ang typed-schene \

(: check (String -> (Refinenent sqgl-safe?)))
(define (check s)
(1f (sqgl -safe? s)
S
(error "unsafe string!")))
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Types for Scheme

(4 ang typed-schene \

(defi ne-type-alias BT
(U Nunmber (Pair BT BT)))
(: sizeof (BT -> Nunber))
(define (sizeof b)
(1 f (nunber? b)
1
(+ 1 (sizeof (car b)) (sizeof (cdr b))))))
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Types for Scheme

(4 ang typed-schene \
(: wap (O (B A ...)
((A... ->B) ->(A... ->B))))
(define (wap f)
(|l anbda args

(printf "args are: ~a\n" args)

(apply f args)))
\ J
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Scheme Idioms

(# ang schene “nunber 2 §
(define (f x)
(1f (nunber? x)
(addl x)
0)) )
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Filters & Objects

(4 ang typed-schene \
(: f (Any -> Nunber))
(define (f x)
(1f (nunber? x)
(addl x)
0)) )
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Filters & Objects

(4 ang typed-schene \
(: f (Any -> Nunber))
(define (f x5 type: Any
(1 f (nunmber? X)
(addl x)
0
\_ ) J
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Filters & Objects

(4 ang typed-schene \
(: f (Any -> Nunber))
(define (f x)
(1f (nunmber? x)
(addl x) t P
ype: Any
\ 0)) J
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Filters & Objects

C#I ang typed-schene nurrber? 3
(: f (Any -> Nunber))
(define (f x)
(1f (nunber? x)
(addl x)
0
\ )) type: Nunber J
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Filters & Objects

(4 ang typed-schene \
(: f (Any -> Nunber))
(define (f x)
(1 f (nunber? x)
(addl x)
0)) type: (Any -> Bool ean : Nunber)
\ J
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Filters & Objects

(4 ang typed-schene \
(: f (Any -> Nunber))
(define (f x)
(1f (nunmber? x)
(addl x)
0)) type. Any
\ obj ect: X J
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Filters & Objects

(#Iang t yped- schene

(: f (Any -> Nunber))

(define (f x)
(1 f (nunber? x)
(addl x)
0))

t ype: Bool ean

filter:

(apply-filter

“nunber ? )

Nunber Xx)
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Filters & Objects

(#Iang t yped- schene

(: f (Any -> Nunber))

(define (f x)
(1 f (nunber? x)
(addl x)
0))

t ype: Bool ean

filter:

Nunber ,

“nunber ? )
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Filters & Objects

(4 ang typed-schene \
(: f (Any -> Nunber))
(define (f x)
(1f (nunber? x)
(addl Xx)
0))
- env: x:Any + Nunber, /
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Filters & Objects

C#I ang typed-schene nurrber ? 3
(: f (Any -> Nunber))
(define (f x)
(1f (nunber? x)
(addl x)
0
\_ ) env: X: Nunmber J

type: Nunber
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Scheme Idioms

(4 ang schene \
, S 1s a synbol, nunmber or string
(define (->string s)
(cond [(synbol ? s) (synbol->string s)]
 (nunber? s) (nunmber->string s)]
el se s])) y
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Then & Else

(4 ang typed-schene \
(: ->string ((U Synbol Nunmber String) -> String))

(define (->string s)

(cond

[ (synbol ? s) (synbol ->string s)]
[ (nunber? s) (nunber->string s)]

el se s]))

52



Then & Else

(#Iang t yped-schene

)

(: ->string ((U Symb" yne: (U Symbol Number String)
(define (->string s

(cond

[ (symbol ? s) (synbol ->string s)]
(nunber? s) (nunber->string s)]

el se s]))
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Then & Else

(4 ang typed-schene W
(: -?string ((p Synbol Nunber String) "type: Synbol
(define (->string s)

(cond [(synbol ? s) (synbol->string s)]
 (nunber? s) (nunber->string s)]
el se s])) y
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Then & Else

(4 ang typed-schene \

(: ->string ((U Synbol Nunmber String) -> String))
(define (->string s)

(cond [(synmbol ? s) (synbol->string s)]
 (nunber? s) (nunber->string s)]

el se s
\ : 1)) type: (U Nunber String) ——/




Then & Else

(#Iang t yped- schene

(:

(define (->string s)

(cond

[ (synbol ? s) (synbol ->string s)]
[ (nunber? s) (nunber->string s)]

el se s]))

el se )

->string ((U Synbol Nunber String) -> String))

t ype:

Nunber
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Then & Else

(4 ang typed-schene \
(: ->string ((U Synbol Nunmber String) -> String))

(define (->string s)

(cond

[ (synbol ? s) (synbol ->string s)]
[ (nunber? s) (nunber->string s)]

el se s]))

type: String
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Then & Else

(4 ang typed-schene W

(: ->string (" type: (Any -> Bool ean : Symbol | Symbol
(define (->s!' . g

(cond [(synbol ? s) (synbol->string s)]
[ (nunber? s) (nunber->string s)]
el se s]))
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Then & Else

(#Iang t yped- schene

type:

Bool ean

el se )

(+ ->string ((U Symo ¢i|ter: symbols | Symbols )

(define (->string s)

(cond [(synbol? s) (synbol->string s)]

el se s]))

[ (nunber? s) (nunber->string s)]
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Then & Else

(4 ang typed-schene W

(1 ->Stri” gpy: s: (U Synbol Nunber String) + Synbols
(define (ccrvrg <

(cond [(synbol ? s) (synbol->string s)]
[ (nunber? s) (nunber->string s)]
el se s]))
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Then & Else

(4 ang typed-schene \
(: ->string ((U Symbol [ opny- s: Synbol -> String))

(define (->string s)

(cond

[ (synbol ? s) (synbol->string s)]
[ (nunber? s) (nunber->string s)]

el se s]))
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1V.

Then & Else

(4 ang typed-schene \
(: ->string ((U Synbol Nunmber String) -> String))

(define (->string s)

\

(cond

[ (synbol ? s) (synbol ->string s)]
 (nunber? s) (nunber->string s)]

el se s]))

S: (U Synbol Nunmber String) + Synbol s
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Then & Else

(4 ang typed-schene \

(: ->string ((U Synbol Nunmber String) -> String))
(define (->string s)

(cond

—

env.

[ (synbol ? s) (synbol ->string s)]
 (nunber? s) (nunber->string s)]
el se s]))

S: (U Nunmber String)
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Then & Else

(#Iang t yped- schene

(:

(define (->string s)

(cond

[ (synbol ? s) (synbol ->string s)]
[ (nunber? s) (nunber->string s)]

'eIS 1 \ \
: | type: (Any -> Bool ean : Nunber

el se )

->string ((U Synbol Nunber String) -> String))

Nunber
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Then & Else

(4 ang typed-schene \

(: ->string ((U Synbol Nunmber String) -> String))
(define (->string s)

(cond [(synmbol ? s) (synbol->string s)]
 (nunber? s) (nunber->string s)]

el se s
\ ' 1) t ype: Bool ean _J

filter: Nunbers | Nunbers




Then & Else

(#Iang t yped- schene

(:

el se )

->string ((U Synbol Nunmber String) -> String))
(define (->string s)

(cond

[ (synbol ? s) (synbol ->string s)]
 (nunber? s) (nunber->string s)]

el sp 7 _
env: s: (U Nunber String) + Nunbers

/
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Then & Else

(4 ang typed-schene \
(: ->string ((U Synbol Nunmber String) -> String))

(define (->string s)

(cond

[ (synbol ? s) (synbol ->string s)]
 (nunber? s) (nunber->string s)]

el se s]))

env: S: Nunber J
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Then & Else

C#I ang typed-schene el se | 3
(: ->string ((U Synbol Nunmber String) -> String))
(define (->string s)

(cond [(synmbol ? s) (synbol->string s)]
[ (nunber? s) (nunber->string s)]

9 el se s])) y

env: s:(U Nunber String) + Nunbers
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Then & Else

(4 ang typed-schene \
(: ->string ((U Synbol Nunmber String) -> String))

(define (->string s)

(cond

[ (synbol ? s) (synbol ->string s)]
[ (nunber? s) (nunber->string s)]

el se s]))

env: s:String
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Scheme Idioms

@ n
#l ang schene and
g : Any (U String Nunber) -> Nunber
(deflne (g X V)
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
[ (nunmber? x) (+ X y)]
9 el se y])) Y
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Logical Reasoning

(#Iang t yped- schene and
(: g (Any (U Nunber String) -> Nunber))
(define (g x vy)

(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
 (nunber? x) (+ x y)]

el se y]))
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Logical Reasoning

C#I ang typed-schene and
(: 9 ([ filter: Numbery | Number, JT0€r))
(define g
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
 (nunber? x) (+ x y)]
9 else y])) y
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Logical Reasoning

(#Iang t yped- schene andﬂ\

(: g (Any (U Numbe fj|ter: String, | String,
(define (g x vy)

(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
 (nunber? x) (+ x y)]

el se y]))
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Logical Reasoning

(#Iang t yped- schene andﬂ\
(;'filter: Nunber, Stringy |
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
[ (nunmber? x) (+ X y)]
el
_ el se y])) J
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Logical Reasoning

(#Iang t yped- schene and‘\
(" filter: Numbery Stringy, | Numbery O String
y y
0\'" A U A &Y
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
[ (nunmber? x) (+ X y)]
_ el se y])) y




Logical Reasoning

(#Iang t yped- schene andﬂ\
(: g (Any (U Nunber String) -> Nunber))
(define (g x vy)
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
 (nunmber? x) (+ x y)]
\ else yi)) env: Nunbery, O String, ——/

filter: Nunber,
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Logical Reasoning

(#Iang t yped- schene andﬂ\
(: g (Any (U Nunber String) -> Nunber))
(define (g x vy)
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
 (nunmber? x) (+ x y)]
\ else yi)) env: Nunbery, O String, —/

filter: Nunmberx String,
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Logical Reasoning

(#Iang t yped- schene and
(: g (Any (U Nunber String) -> Nunber))
(define (g x vy)
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
[ (nunber? x) (+ x y)]

r -1 - - -~ =1 N\

env: X:Any y: (U Nunber String) + Nunber, String,

78



Logical Reasoning

(#Iang t yped- schene and
(: g (Any (U Nunmber String) -> Nunber))
(define (g x vy)
(cond [(and (nunber? x) (string? vy))
(+ x (string-length y))]
[ (nunber? x) (+ x y)]

r -1 - - -~ =1 N\

env: X:Nunber y: Nunber




All Together Now

(#Iang t yped- schene

(: T ((U Nunber String) (Pair Any Any) -> Nunber))
(define (f 1 nput extra)
(cond
[ (and (nunber? input) (nunber? (car extra)))
(+ I nput (car extra))]
 (nunmber? (car extra))
(+ (string-length input) (car extra))]
[el se 0]))

\_

~N
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Easy Integration
Implementation Validation



Implementation

Large Semicolon Letters

Text to insert typed|
Fonts | Inconsolata (16) w 48 columns typed
=]
'
¥
'
' '
' ' '
' vy '
' 'y '
' EEEEE ' T 'SR Prro
' 'y ' Poorra 1 ' ' ' '
' e ' o P v '
' ' e ' TR R '
' ' oy ' 1o ' '
' ' vor ' 1o ' '
' vy P ' P 'y '
' vroor ' T vy Proras
' P ' EREEE) SRR R
' ' '
' ' '
' P '
' Poor a
hd
1 13
Eancel|| oK |
-
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Implementation

(#Iang t yped- schene

(: subtitle-pict

.

(String -> Pict))

(define (subtitle-pict s)
(text s (current-title-font) Iarge-text-size)X)

“tslide )
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Validation

Squad Metrics Acct Spam System Rand  Total

Lines 2369 511 407 315 1290 0618 5510
Increase % 25% 1% 6% 1% 3% 7%
Fixes (Good) 5 3 4 5 8 0 25
Problems (Bad) 7 4 3 1 0 1 16
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Sample Fixes

(#Iang

(+ 10 (string->nunber str))

g

schene

Sassert )
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Sample Fixes

(4 ang typed-schene \

(+ 10 (assert (string->nunber str)))
g _J




Sample Fixes

(#Iang schene

(define (divs . args)
(" -1 (apply / args)))
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Sample Fixes

(#Iang t yped- schene

(define (divs arg .

\_

ar gs)

(* -1 (apply / arg args)))
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Sample Problems

(#I ang schene cond 3
(cond [(< x 0) '"negative]

[ (= x 0) 'zero]
9 (> x 0) 'positive])
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Sample Problems

(cond

-

(4 ang typed- schene \

[ (< x 0) 'negative]
[ (= x 0) 'zero]

el se 'positive])
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Sample Problems

(# ang schene “mutate )

(define pr (make-pair x vy))
(when (string? (pair-left pr))
L (set-pair-left! pr (string->synbol (pair-|eft pr)))))
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Sample Problems

(# ang typed- scheme “mutate )

(define pr (nmake-pair
(1f (string? x) (string->nunber x) Xx)

y))

-
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Thesis

Module-by-module porting of code from an untyped
language to a typed sister language allows for an
easy transition from untyped scripts to typed
programs.
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Occurence Typing
> Done, and more
Variable-arity Polymorphism
© Done
Keyword and Optional Arguments
> Done: Use & Import/Export
© Not Done: Definition
Validation

o Some Done

Proposal
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