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#lang plat

(define-type Expr
[num (n number?)]
[add (1 Expr?) (r Expr?)])

(define (interp expr)
(type-case Expr expr
[num (n) n]
[add (1 r) (+ (interp 1) (1interp r))]))

(interp (add (num 1) (Cnhum 3)))
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#lang plat

(define-type Expr
[num (n number?)]
[add (1 Expr?) (r Expr?)])

(define (interp expr)
(type-case Expr expr
[num (n) n]
[add (1 r) (+ (interp 1) (1interp r))]))

(interp (add (num 1) (num 3)))
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#lang plat
, 3 different forms
(define-type Expr
[num (n number?)
[add (1 Expr?) (r Expr?

(type-case
[num (n)
[add (1 r) (+ (ipterp 1) (1nterp r))]))

(interp (add (num 1) (num 3)))
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issue #2: type-case for
pattern matching



#lang plai

(define-type Value*Store
(v*s (value VBCFAE-Value?)
(store Store?)))

(define (interp expr env store)
(type-case Expr expr
L ...
[ (setbox (box-expr val-expr)
(type-case Value*Store (interp box-expr env store)
[v*¥s (box-val box-sto)
(type-case Value*Store (interp val-expr env box-sto)
[v*¥s (val-val val-sto)
(v*s val-val
(aSto (boxV-location box-val)
val-val

val-sto))1)1))]
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#lang plai

(define-type Value*Store
(v*s (value VBCFAE-Value?)
(store Store?)))

(define (interp expr env store)
(type-case Expr expr
L ...
[ (setbox (box-expr val-expr)
(type-case Value*Store (interp box-expr env store)
[V¥s (box-val box-sto)
(type-case Value*Store (interp val-expr env box-sto)
[v¥s (val-val val-sto)
(v*s val-val
(aSto (boxV-location box-val)
val-val

val-sto))1)1))]
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#lang plai

(define-type Value*Store “right drifting”
(v*s (value VBCFAE-Value?)
(store Store?)))

(define (interp expr env store)
(type-case Expr expr

L ...
[ (setbox (box-expr val-expr)
(type-case Value*Store (ingerp box-expr env store)
[V¥s (box-val box-sto)
(type-case Value*Store (interp val-expr env box-sto)

[v¥s (val-val val-sto)
(v*s val-val
(aSto (boxV-location box-val)
val-val

val-sto))1)1))]
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http://www.ccs.neu.edu/home/matthias/Style/style/

How to Program Racket

4.2 Definitions

Racket comes with quite a few definitional constructs, including let, let*, letrec,

and define. Except for the last one, definitional constructs increase the indentation
level. Therefore, favor define when feasible.

good | bad |
#lang racket #lang racket
(define (swap x y) (define (swap x y)
(define t (unbox x)) (let ([t (unbox x)])
(set-box! x (unbox y)) (set-box! x (unbox y))
(set-box! y t)) (set-box! y t)))
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{aop (fun-eor arg-expr)
{type-case Value*Store (interp fun-expr env store)
(v*s {fun-val fus-sto)
{(type-case VBUFAL-Volue fun-val
{closureV {cl-param cl-dody cl-emw)
(type-case Volue*Store (imterp ang-eor e fun-sto);; then
(v*s (arg-val arg-sto)
(local ((defime new-loc (next-location arg-sto)))
(interp (closureV-body fun-val)
(ataw (closureV-param fus-val)
new-loc
(closurei-env fun-val))
(aS5to new-loc
arg-val
ang-sta))l)))
(refclasy (cl-param cl-body cl-ew)
(Qocal ({(defime org-loc (env-locesp (‘d-name orgrer) ew)))
(interp cl-body
(ofrv <l-param
orgloe
cloonw)
fun-ste)))
(olse (error 'interp "mot a fusction™))))))

(if@ (tort then olte)
{typo-cate Valuo®itore (interp test oow ttore)
(v*s (tost-val test-sta)
(if (nad? toct-wal)
(interp then onv test-sta)
(intep olte onv test-sta)))))

(zoan (01 o)
(type-case Value*Store (interp €1 env store)
(v*s (el-vol el-sto)
(irkerp o2 env el-3t0))))

{newbox (val-er)
(type-case Volue*Store (interp vol-exgr env store)
{v*s {val-vol vol-sto)
(local ({defire new-loc (next-location vol-sto)))
{v*s (box¥ mew-loc)
{aSto mew-loc vol-val vol-sto))))))

(setoox (Dox-ex@r vol -exgr)
(type-case Value*Store (interp bax-expr env store)
({v*s (oox-vol box-sto)
{type-case Value*Store (interp vol-expr env bax-sto)
(v*s {val-val val-sto)
(v*s vol-val

{asto (baxV-location bax-val)

val-val

val-sto)))))))

(openbax (Dox-expe)
(tyoe-case Value*Store (inten bax-exdr e store)
{v*s (bax-val bax-ste)
{v*s (store-locke (boax¥-locotion dac-wval) store)
ban-s10))))
(nset (14 1)
(type-case Value*Stere (interp val env store)
(v*s (val-vol val-sto)
(local ((define the-loc (env-lockp d ew)))
{(v*s val-wal
(aite the loz val -val wval-ste))))))
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issue #3: macros



beyond define-syntax-rule...

#lang racket
(define-syntax (for x)
(syntax-case x (from to 1in)
[(for from low to high in bodies ...)
(with-syntax ([1t (datum->syntax-object
(syntax for) ’1t)])
(syntax
; here goes the stuff ))]))
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beyond define-syntax-rule...

#lang racket
(define-syntax (for x)
(syntax-case x (from to 1in)
[(for from low to high in bodies ...)
(with-syntax ([1t (datum->syntax-object
(syntax for) ’1t)])
(syntax
; here goes the stuff ))]))
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beyond define-syntax-rule...

#lang racket
(define-syntax (for x)
(syntax-case x (from to 1in)
[(for from low to high in bodies ...)
(with-syntax ([1t (datum->syntax-object
(syntax for) ’1t)])
(syntax
; here goes the stuff ))]))

(main goal: teaching macros as a
means to study 00 concepts)
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The good thing about Racket...
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The good thing about Racket...
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The good thing about Racket...
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#lang play

. deftype
. def

. defmac
. defun)

~ WN -



deftype

lightweight & uniform



#lang plat

(define-type Expr
[num (n number?)]
[add (1 Expr?) (r Expr?)])

(define (interp expr)
(type-case Expr expr
[num (n) n]
[add (1 r) (+ (interp 1) (1interp r))]))

(interp (add (num 1) (num 3)))
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#lang play
S f

(deftype Expr ame Torm

(num n)<

(add 1 r))

[(add 1 r) (+ (ipgterp 1) (1nterp r))]))

(interp (add (num 1) (num 3)))
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<expr> ::=

<num>
{+ <expr> <expr>}

{- <expr> <expr>}

<id>

{fun {<1d>} <expr>}

{refun {<id>} <expr>}
{<expr> <expr>}

{1f0 <expr> <expr> <expr>}
{segn <expr> <expr>}
{newbox <expr>}

{setbox! <expr> <expr>}
{openbox <expr>}

{set! <id> <expr>}
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<expr> ::=

<num>

{+ <expr> <expr>}

{- <expr> <expr>}

<id>

{fun {<1d>} <expr>}
{refun {<id>} <expr>}
{<expr> <expr>}

{1f0 <expr> <expr> <expr>}
{segn <expr> <expr>}
{newbox <expr>}
{setbox! <expr> <expr>}
{openbox <expr>}

|
|
|
|
|
|
|
|
|
|
|
| {set! <id> <expr>}
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#lang racket

(struct
(struct
(struct
(struct
(struct
(struct
(struct
(struct
(struct
(struct
(struct
(struct
(struct
(struct

expr ())

num expr (n) )
add expr (left right)

sub expr (left right)

1d expr (name)

fun expr (param body)

refun expr (param body)

app expr (fun-expr arg-expr
1f@ expr (c t f)

segn expr (el e2)

openbox expr (box-expr)
setbox! expr (box-expr val-
newbox expr (val-expr)

mset  expr (name val-expr)



<expr> ::=

<num>
{+ <expr> <expr>}

{- <expr> <expr>}

<id>

{fun {<1d>} <expr>}

{refun {<id>} <expr>}
{<expr> <expr>}

{1f0 <expr> <expr> <expr>}
{segn <expr> <expr>}
{newbox <expr>}

{setbox! <expr> <expr>}
{openbox <expr>}

{set! <id> <expr>}
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<expr> ::=

<num>
{+ <expr> <expr>}

{- <expr> <expr>}

<id>

{fun {<1d>} <expr>}

{refun {<id>} <expr>}
{<expr> <expr>}

{1f0 <expr> <expr> <expr>}
{segn <expr> <expr>}
{newbox <expr>}

{setbox! <expr> <expr>}
{openbox <expr>}

{set! <id> <expr>}

Saturday, October 12, 13

#lang play

(deftype expr

(num n)

(add left right)

(sub left right)

(1d name)

(fun param body)

(refun param body)

(app fun-expr arg-expr)
(1f0 c t f)

(segn el e2)

(openbox box-expr)
(setbox! box-expr val-expr)
(newbox val-expr)

(mset name val-expr))



def

match-define 1n 3 letters
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(define-type Value*Store
(v*s (value VBCFAE-Value?)
(store Store?)))

(define (interp expr env store)
(type-case Expr expr
[ ...
[(setbox (box-expr val-expr)
(type-case Value*Store (interp box-expr env store)
[v¥s (box-val box-sto)
(type-case Value*Store (interp val-expr env box-sto)
[V¥s (val-val val-sto)
(v*s val-val
(aSto (boxV-location box-val)
val-val

val-sto))1)1))]
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(deftype Value*Store
(v*s value store))

(define (interp expr env store)
(match expr
[ ...
[(setbox box-expr val-expr)
(def (v*s box-val box-sto) (interp box-expr env sto))
(def (v*s val-val val-sto) (interp val-expr env box-sto))
(v*s val-val
(aSto (boxV-loc box-val)
val-val
val-sto))]
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(deftype Value*Store
(v*s value store)) same 1ndent level

(define (interp expr env store)
(match expr
[ ...
[(setbox box-expr val-expr)
(def (v*s box-val box-sto) (interp box-expr env sto))
(def (v*s val-val val-sto) (interp val-expr env box-sto))
(v*s val-val
(aSto (boxV-loc box-val)
val-val
val-sto))]
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(a0 (fun-expr arg-er)
(type-care Volue*Store (interp fus-oxpr env store)
{v*s (fun-val fun-sto)
(type-case VBOFAE-Value fun-val
(clouroV (cl-param cl-body cl-onv)
{tyoe-case Value*Store (interp org-exor env fun-sto):; then
(v*s {arg-val arg-sto)
(lecal ((defime mow-loc (next-lecation arg-ste)))
(interp (closureV-body fun-val)
(atmw (closureV-param fun-val)
non-loc
(closureV-onv fun-val))
(aSto new-loc
arg-val
arg-sta))))))
(refclosV (cl-param cl-body cl-env)
(local ({define arg-loc (ew-lookw (1d-name arg-expr) ew)))
(interp cl-body
{atnv cl-param
arg-loc
cloev)
fun-sto)))
{else (errce “interp “not a function™))))))

(i (test then else)
{type-case Value*Store (interp test enwv store)
{(v*s (test-wvol test-sto)
(if (nd? test-val)
(interp then enw test-sto)
(interp else o test-sto)))))

(seqn (el e2)
(type-case Value*Store (iaterp el enw stare)
(v*s (el-val el-sto)
(imerp 2 env el-sto))))

{nowbax (val -expr)
{(type-case Volue*Store (interp val-oxpr ow store)
{v*s (val-val val-sto)
(ocal ((define now loc (mext-location vol-sta)))
{v*s (boxV new-loc)
(aSto nes-loc val-val val-sta))))))

(setbox (bax-expr val-expr)
{type-case Volue*Store (interp box-expr enw store)
{(v*s (sax-val bax-ste)
(type-case Volue*Store (imterp vol-mor env box-sto)
{v*s (val-val vol-sto)
(v*s val-val

{aSto (boaV-location bax-val)

val-val

val-sto)))))))

(openbox (box-expr)
{type-case Value*Store (imerp bax-exdr env store)
(v*s (bax-val box-sta)
{v*s (store-lookun (boxV-location box-vol) store)
bax-sto))))
{rset (54 val)
(type-case Volue*Store (imterp val env store)
{v*s {(val-wval val-sto)
(local ((define the-lee (owv-lookp d ew)))
{v*s vol-val
{aSto the-loc val-val val-sto))))))
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(a0 (fun-expr arg-eor)
(type-care Volue*Store (interp fus-expr e store)
{v*s (fun-val fun-sto)
(type-case VBUFAL-Value fun-vol
(clouroV (cl-param cl-body cl-onv)

(tyoe-case Value*Store (interp org-exor env fun-sto):; then

(v*s (arg~vol arg-sto)

(lecal ((define mon-loc (next-location arg sto)))

(interp (closureV-body fun-val)

(atmw (closureV-param fun-val)

non-loc

(losureV-env fun-val))

(aSto mew-loc
arg-val
arg-sta) )

(refclosV {cl-poram cl-body cl-env)
(local ({define arg-loc (ew-lookw (1d-name arg-expr) ew)))
(imterp cl-body
{atnv cl-param
arg-loc
cl-ov)
fun-sto)))
{else (error “interp “not a function™))))))

(30 (test then else)
{type-case Value*Store (interp test enw store)
{(v*s (test-wvol test-sto)
(if (nd? test-val)
(interp then enw test-sto)
(interp else o test-sto)))))

(seqn (el e2)
(type-case Value*Store (iaterp el enw stare)
(v*s (el-val el-sto)
(imerp 2 env el-sto))))

{nowbax (ol -expr)
{type-case Volue*Store (interp val-expr ew store)
{v*s (val-val val-sto)
(Local ((defino now-loc (mext-location vl -sta)))
{v*s (box¥V new-loc)
(aSto nes-loc val-val val-sta))))))

{sethax (box-expr val-oopr)
{type-case Volue*Store (interp box-expr e store)
{(v*s (sax-val bax-ste)
(type-case Volue*Store (imterp vol-mor env box-sto)
{v*s (val-val vol-sto)
{v*s val-wal

(aSto (baaV-location bax-val)

val-val

val-sto))))))

(openbox (box-expr)
(type-case Value*Store (imterp bax-exor env store)
(v*s (bax-val box-sta)
{v*s (store-lookun (boxV-location box-vol) store)
bax-sta))))
{mset (34 val)
(type-case Volue*Store (imterp val env store)
{v*s (val-val val-sta)
(local ((define the-lee (owv-lookp d ew)))
{v*s vol-val
{aSto the-loc vol-val val-sta))))))
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[{app fun-expr arg-exor)
{def (v*s fun-val fun-sto) (interp fun-opr env sta))
{match fun-val
[(closureV param body fun-env)
{def (v*s arg-val arg-sto) (interp arg-oor env fun-sto))
{def new-loc {next-location arg-sta))
(interp body
{atnv param new-loc fun-ew)
{aSto new-loc arg-val arg-sta))]
[{refclosV param body fun-env)
{def arg-loc (env-lookup (id-name arg-expr) env))
(interp body
{atnv param arg-loc fun-env)
fun-sto)])]

[(seqn el e2)
{def (v*s _ stol) (interp el env sto))
(interp €2 env stol)]

[{newbax val -expr)
{def (v*s val val-sto) (interp val-epr env sto))
{def new-loc {next-location val-sta))
{v*s (baxV new-loc)
{aSto new-loc val val-sta))]

[{openbax bax-expr)

{def (v*s bax-val bax-sto) (interp bax-expr env sto))

{(v*s {sto-lookup (baV-loc bax-val) bax-sto)
bax-sto)]

[(setbhax! box-expr val-expr)
(def (v*s bax-val bax-sto) (interp box-expr env sto))
{def (v*s val-val wval-sto) (interp val-oxpr env bax-sta))
{v*s val-val
{aSto (baxV-loc bax-val)
wval-val
val-sta))]

[{mset name val-expr)
{def {(v*s val-val val-sto) (interp val-oxpr env sta))
{v*s val-val
{aSto (env-lookap name env)
wval-val

pal -sta))]



(az (fun-expr arg-exr)

(type-care Volue*Store (interp fus-expr e store) A

{v*s (fun-val fun-sto)
(type-case VBUFAL-Value fun-vol
{closuroV (cl-param cl-body cl-onv)
(tyoe-case Value*Store (interp org-expr env fun-sto):: th
(v*s (arg~vol arg-sto)
(lecal ((defime mow-loc (next-location arg-sto)))
(interp (closureV-body fun-val)

(atrw (closureV-param fun-val)
non-loc
{losurev-onv fun-val))

(aSto new-loc
arg-val
arg-sta))))))

{refclosy (cl-param cl-body cl-env)
(local ((define arg-loc (ew-look (d-name arg-expr) ew)))
(imterp cl-body
{atnv cl-param
arg-loc
cl-ov)
fun-sto)))
(else {error "interp “not a function™))N)))

(30 (test then else)
{type-case Volue*Store (interp test env store)
(v*s (test-vol test-sto)
(if (nd? test-val)
(interp then enw test-sto)
{interp else o test-sto)))))

(seqn (el e2)
(type-case Value*Store (iaterp el enw stare)
(v*s (el-val el-sto)
(imerp 2 env e1-5to))))

{nowbax (ol -expr)
{type-case Volue*Store (interp val-expr cw store)
{v*s {val-val val-sto)
Qocal ((define now-lo: (mext-location vol-3sta)))
{v*s (boxV new-loc)
{aSto new-loc val-val val-sto))))))

{setbhox (bax-expr vol-mor)
{type-case Volue*Store (interp box-expr e store)
{(v*s (dax-val bax-sto)
(type-case Volue*Store (imterp val-mor env bax-sto)
{v*s (val-val vol-sto)
{v*s val-wal

(afto (bonV-location bax-val)

val -val

val-sto))))))

(openbax (Dox-expr)

(type-case Value*Store (imterp bax-er env store)

(v*s (bax-val box-sta)
{v*s (store-lookun (boxV-location box-vol) store)
bax-5t0))))
{msct (3d val)
{type-case Volue*Store (interp val onv store)
{v*s (val-val wval-sto)

(ool ((define the-loc (ow-looke d ew)))

81

{v*s vol-val V

{aSto the-loc vol-val val-sto))))))
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{def {v*s fun-val fun-sto) (interp fun-exor env sta))
{match fun-val
[(closureV param body fun-env)
{def {v*s arg-val arg-sto) (interp arg-oo@r env fun-sto))
{def new-loc {next-location arg-sta))
(interp body
{atnv param new-loc fun-env)
{aSto new-loc arg-val arg-sto))]
[{refclosV param body fun-env)
{def arg-loc (env-lookup (id-name arg-oxpr) env))
{interp body
{atnv param arg-loc fun-env)
fun-sto)])]

[{aop fun-expr arg-exor) ¢

[(seqn el e2)
{def (v*s _ stol) (interp el env sto))
(interp e2 env stol)]

[{newbax val -expr)
{def (v*s val val-sto) (interp val-expr env sta))
{def new-loc {next-location val-sto))
{v*s (boaxN' new-loc)
{aSto new-loc val wal-sta))]

[{openbax bax-exor)

{def (v*s bax-val bax-sto) (interp bax-expr env sto))

{v*s (sto-looksp (boxV-loc bax-val) bax-sta)
bax-sta)]

[(setbhax! bax-expr val-epr)
{def (v*s bax-val bax-sto) (interp bax-expr env sto))
{def (v*s val-val val-sto) (interp val-oxpr env bax-sta))
{v*s val-val
{aSto (boxV-loc bax-val)
wval-val
val-sta))]

[{mset name val-expr)
{def {(v*s val-val val-sto) (interp val-opr env sto))
{v*s val-val

{aSto (env-lookup name env)

wval-val
jal -sta))]

o4



{a (fun-expr arg-eor)
(Hype-case Volue*Store (interp fun-opr ey store)
{v*s {(fun-val fun-sto)
(type-case VBUFAE-Value fun-vol
{closuroV (cl-param cl-body cl-onv)

(tyoe-case Value*Store (interp org-expr env fun-sto):; thin

v*s {arg-val arg-sto)

(
(lecal ((defime mow-loc (next-location arg-sto)))
(interp (closureV-body fun-val)
(atmw {closurev-param fun-val)

non-loc

( {closureV-onv fun-val))

(aSto mew-loc
arg-val
org-sta))))))

{refclosy (cl-param cl-body cl-env)
(local ({define arg-loc (emw-lookp (1d-name arg-expr) ew)))
(interp cl-body
{atnwy cl-param
arg-loc
cleorw)
fun-sto)))
(else {error "interp “not a function™))N)))

(30 (test then else)
{type-case Value*Store (interp test env store)
{v*s (test-wvol test-sto)
(if (nd? test-val)
(interp then enw test-sto)
{interp else o test-sto)))))

(segn (el e2)
(type-case Value*Store (iaterp el enw stare)
{(v*s (el-val el-sto)
(imterp €2 env el-sto))))

{nowbax (val -expr)
{type-case Volue*Store (interp vol-expr enwv store)
{v*s (val-val val-sto)
(Qocal ((define now-loc (mext-location vl -3ta)))
{v*s (boxV new-loc)
{aSto new-loc val-val wval-sta))))))

{setbhox (bax-expr vol-mor)
{type-case Volue*Store (interp box-expr e store)
{(v*s (dax-val bax-sto)
(type-case Volue*Store (imterp val-mor env bax-sto)
{v*s (val-val vol-sto)
{v*s val-wal

(aSto (ooaV-location bax-val)

val -val

val-sto)))))))

{openbax {Dox-expr)
{type-case Value*Store (imterp bax-er env store)
(v*s (bax-val bex-sta)
{v*s (store-lookun (boxV-location box-vol) store)
bax-sto))))
{msct (3d val)
{type-case Volue*Store (interp val onv store)
{v*s (val-val val-sto)
(ool ((define the-loc (ow-looke d ew)))
{v*s vol-val
{aSto the-loc vol-val val-sta))))))
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{def (v*s fun-val fun-sto) (interp fun-opr env sto))
{match fun-val

[{clasureV param body fun-env)

{def {v*s arg-val arg-sto) (interp arg-oor env fun-sto))

{7 now-loc {next-location arg-sta))
1672
{atnv param new-loc fun-env)
H(asto new-loc arg-val arg-sta))]
[{refclosV param body fun-env)

{def arg-loc {env-lookup (id-name arg-expr) o))
{interp body

{atnv param arg-loc fun-env)

fun-sta)])]

[{aop fun-expr arg-exor) ¢

[(seqn el e2)
{def {v*s _ stol) (interp el env sto))
(interp €2 env stol)]

[{newbax val -expr)
{def (v*s val val-sto) (interp val-expr env sta))
{def new-loc {next-location val-sta))
{v*s (boaxN' new-loc)
{aSto new-loc val wal-sta))]

[{openbax bax-exor)

{def (v*s bax-val bax-sto) (interp bax-expr env sto))

{v*s (sto-looksp (boxV-loc bax-val) bax-sta)
bax-sta)]

[(sethax! box-expr val-expr)
{def {v*s bax-val bax-sto) (interp box-expr env sto))
{def (v*s val-val val-sto) (interp val-oxpr env bax-sta))
{v*s val-val
{aSto (boxV-loc bax-val)
wval-val
val-sta))]

[{mset name val-expr)
{def {v*s val-val val-sto) (interp val-opr env sto))
{v*s val-val

{aSto (env-lookup name env)

wval-val
pal -sta))]

o4



defmac

define-syntax-rule on steroids
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#lang racket
(define-syntax (for x)
(syntax-case x (from to 1in)
[(for from low to high in bodies ...)
(with-syntax ([1t (datum->syntax-object
(syntax for) ’1t)])
(syntax
; here goes the stuff ))]))
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#lang racket
(define-syntax (for x)
(syntax-case x (from to 1in)
[(for from low to high in bodies ...)
(with-syntax ([1t (datum->syntax-object
(syntax for) ’1t)])
(syntax
; here goes the stuff ))]))

#lang play

(defmac (for from low to high in bodies ...)
#:keywords from to 1in
#:captures 1t
; here goes the stuff )
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#lang play

deftype convenience for variants
def = match-define
defmac — E-I.'i.,s defmac (rejuvenated)

/ define-syntax-rule with optional args
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#lang play

deftype convenience for variants
def = match-define
defmac — E-I.'i.,s defmac (rejuvenated)

/ define-syntax-rule with optional args

defun = def1ine (unify with define/match?)

(Haskell-like equations?)
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#lang play
e simplify definitions
* foster the use of pattern matching

e unify non-PM and PM definition forms

e cost: disunify define for function definitions
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»

#lang play



»

#lang play

in the catalog!

$ raco pkg install play




