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Zakladni interpret Scheme (ve Scheme)

@ mame udélané z predchoziho semestru

@ interpret Scheme ve Scheme, ktery je Cisté funkcionalni

Co interpret umi:

procedury: primitivni, uzivatelské, procedury vyssich rada

elementy prvniho fadu: Cisla, symboly, seznamy, procedury, prostfedi

Co interpret neumi:

zadny element neni mutovatelny (ani pary, ani prostredi, .. .)
neumi (re)definovat/zménit vazbu symbolu (nema define ani set!)

rekurzivni procedury je potfeba zavadét pomoci y-kombinatoru
(to je nepohodiné)

neumi sekvencovat vyrazy (nema begin):
nelze pohodIné vytvaret interni definice

nema makra (uzivatelsky definované formy)
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Systém manifestovanych typt

;5 vytvof element jazyka s manifestovanym typem
(define curry-make-elem
(lambda (type-tag)
(lambda (data)
(cons type-tag data))))

;5 vrat visacku s typem, vrat data
(define get-type-tag car)
(define get-data cdr)

;5 test daného typu
(define curry-scm-type
(lambda (type)
(lambda (elem)
(equal? type (get-type-tag elem)))))
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Zakladni elementy jazyka Scheme

Cisla
(define make-number (curry-make-elem ’number))
(define scm-number? (curry-scm-type ’number))

Symboly
(define make-symbol (curry-make-elem ’symbol))
(define scm-symbol? (curry-scm-type ’symbol))
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Teckové pary

;5 konstruktor paru cons
(define make-pair
(let ((make-physical-pair (curry-make-elem ’pair)))
(lambda (head tail)
(make-physical-pair (cons head tail)))))

;5 test datového typu
(define scm-pair? (curry-scm-type ’pair))

;5 selektor paru car (cdr se udéls analogicky)
(define pair-car
(lambda (pair)
(if (scm-pair? pair)
(car (get-data pair))
(error "; Car: argument must be a pair"))))
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Prostredi — zavedeme jako tabulku vytvoFenou pomoci pari

Takto si prostredi , predstavujeme”:
e tabulka vazeb: symbol — element (hodnota navazana na symbol),
e ukazatel na predka (prostfedi, které je ,vys v hierarchii®).

’ symbol ‘ element ‘

E F1 kde Ey, E>, ... jsou symboly a
E F Fi,Fy,... jsou elementy;
E:k ,_ik + ukazatel na predka

Implementace pomoci pari

(predek . ((Ef . F)

(Ex . F)
(Ex . FO
)
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Prostredi

;; preved asociaéni seznam na tabulku prostredi
(define assoc->env
(lambda (1)
(if (null? 1)
the-empty-list
(make-pair (make-pair
(make-symbol (caar 1))
(cdar 1))
(assoc->env (cdr 1))))))

;; konstruktor prostredi
(define make-env
(let ((make-physical-env (curry-make-elem ’environment)))
(lambda (pred table)
(make-physical-env
(cons pred table)))))
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;5 test datového typu
(define scm-env? (curry-scm-type ’environment))

;5 konstruktor globalniho prostredi
(define make-global-env
(lambda (alist-table)
(make-env scm-false (assoc->env alist-table))))

;5 vrat tabulku
(define get-table
(lambda (elem)
(if (scm-env? elem)
(cdr (get-data elem))
(error "; Get-table: arg. must be an env."))))
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;5 vrat predka
(define get-pred
(lambda (elem)
(if (scm-env? elem)
(car (get-data elem))
(error "; Get-pred: arg. must be an env."))))

;5 Je globalni prostredi?
(define global?
(lambda (elem)
(and (scm-env? elem)
(equal? scm-false (get-pred elem)))))
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s+ hledani vazeb v asociaénim poli
(define scm-assoc
(lambda (key alist)
(cond ((scm-null? alist) scm-false)
((equal? key (pair-car (pair-car alist)))
(pair-car alist))
(else (scm-assoc key (pair-cdr alist))))))

;5 vyhledej vazbu v prostredi env, nebo vrat not-found
(define lookup-env
(lambda (env symbol search-nonlocal? not-found)
(let ((found (scm-assoc symbol (get-table env))))
(cond ((not (equal? found scm-false)) found)
((global? env) not-found)
((not search-nonlocal?) not-found)
(else (lookup-env (get-pred env)
symbol #t not-found))))))
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Primitivni procedury

;5 konstruktor primitivni procedury a predikat
(define make-primitive (curry-make-elem ’primitive))
(define scm-primitive? (curry-scm-type ’primitive))

;5 vytvdreni primitivnich procedur pomoci wrapperu
(define wrap-primitive
(lambda (proc)
(make-primitive
(lambda arguments
(expr->intern
(apply proc (map get-data arguments)))))))

Vilém Vychodil (KI, UP Olomouc) PP 2A, Lekce 5 Interpret s ved|. efekty ... 11 /1



Uzivatelské procedury

(define make-procedure
(let ((make-physical-procedure

(curry-make-elem ’procedure)))

(lambda (env args body)
(make-physical-procedure (list env args body)))))

(define
(define
(define

(define
(define

procedure-environment ---
procedure-arguments ---
procedure-body ---

scm-user-procedure? (curry-scm-type ’procedure))
scm-procedure?

(lambda (elem)

(or

(scm-primitive? elem)
(scm-user-procedure? elem))))
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Primitivni specialni formy

(define make-specform (curry-make-elem ’specform))
(define scm-specform? (curry-scm-type ’specform))

(define scm-form?
(lambda (elem)
(or (scm-specform? elem))))
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Specialni elementy jazyka

;5 pravdivostni hodnoty

(define scm-false ((curry-make-elem ’boolean) #f))
(define scm-true ((curry-make-elem ’boolean) #t))
(define scm-boolean? (curry-scm-type ’boolean))

;5 prazdny seznam
(define the-empty-list
((curry-make-elem ’empty-list) *()))
(define scm-null?
(lambda (elem) (equal? elem the-empty-list)))

;; nedefinovana hodnota
(define the-undefined-value ((curry-make-elem ’undefined) °>()))
(define scm-undefined?

(lambda (elem) (equal? elem the-undefined-value)))
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Reader

;5 prevedeni vyrazu do interni formy
(define expr->intern
(lambda (expr)
(cond ((symbol? expr) (make-symbol expr))
((number? expr) (make-number expr))
((and (boolean? expr) expr) scm-true)
((boolean? expr) scm-false)
((null? expr) the-empty-list)
((pair? expr)
(make-pair (expr->intern (car expr))
(expr->intern (cdr expr))))
((eof-object? expr) #f)
(else (error "; Syntactic error.")))))
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;5 nacti vstupni vyraz do interni formy
(define scm-read
(lambda ()
(expr->intern (read))))

Printer
;5 pouze pouzije display a vypiSe syrovou reprezentaci
(define scm-print

(lambda (elem)
(display elem)))
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Pomocné procedury

;5 map pres elementy tvofici scm-seznam
;5 vysledkem je klasicky seznam
(define map-scm-list->list

;5 preved scm-seznam na klasicky seznam
(define scm-list->list

;5 preved klasicky seznam na scm-seznam
(define list->scm-list
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Evaluator

;5 vyhodnot vyraz v daném prostredi
(define scm-eval
(lambda (elem env)

;5 vyhodnocovani elementii podle jejich typu
(cond

;3 symboly se vyhodnocuji na svou aktualni vazbu
((scm-symbol? elem)
(let ((binding (lookup-env env elem #t #f)))
(if binding
(pair-cdr binding)
(error "; EVAL: Symbol not bound"))))
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;3 vyhodnoceni seznamu
((scm-pair? elem)

;5 nejprve vyhodnotime prvni prvek seznamu
(let* ((first (pair-car elem))

(args (pair-cdr elem))

(f (scm-eval first env)))

;5 podle prvniho prvku rozhodni o co se jednd
(cond

;5 pokud se jednd o proceduru:
;5 vyhodnot argumenty a aplikuj ji
((scm-procedure? f)
(scm-apply f (map-scm-list->list
(lambda (elem)
(scm-eval elem env))
args)))
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;; pokud se jedna o formu
;5 aplikuj s nevyhodnocenymi argumenty:
((scm-form? f)
(scm-form-apply env f (scm-list->list args)))

;5 na prvnim misté stoji nepfipustny prvek
(error "; EVAL: First element ..."))))

;; vse ostatni se vyhodnocuje na sebe sama
(else elem))))
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;5 wvytvor tabulku vazeb: formaini argument — argument
(define make-bindings
(lambda (formal-args args)
(cond ((scm-null? formal-args) the-empty-list)
((scm-symbol? formal-args)
(make-pair (make-pair formal-args
(list->scm-1ist args))
the-empty-1list))
(else (make-pair
(make-pair (pair-car formal-args)
(car args))
(make-bindings (pair-cdr formal-args)

(cdr args)))))))
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;5 aplikuj proceduru, predka nastav na env
(define scm-env-apply
(lambda (proc env args)
(cond ((scm-primitive? proc)
(apply (get-data proc) args))
((scm-user-procedure? proc)
(scm-eval (procedure-body proc)
(make-env
env
(make-bindings
(procedure-arguments proc)
args))))
(else (error "APPLY: Expected procedure")))))
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;5 aplikuj proceduru s lexikdInim prPedkem
(define scm-apply
(lambda (proc args)
(cond ((scm-primitive? proc)
(scm-env-apply proc #f args))
((scm-user-procedure? proc)
(scm-env-apply
proc
(procedure-environment proc)
args))
(else (error "APPLY: Expected procedure")))))
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;5 aplikuj specidlni formu
(define scm-form-apply
(lambda (env form args)
(cond ((scm-specform? form)
(apply (get-data form) env args))
(else (error "APPLY: Expected sp. form")))))
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Toplevel Environment (pocatecni prostredi)

;5 vytvor prostredi, které je nejvys v hierarchii
(define scheme-toplevel-env
(make-global-env
“(
s ; specidlni forma i f
(if . , (make-specform
(lambda (env condition expr . alt-expr)
(let ((result (scm-eval condition env)))
(if (equal? result scm-false)
(if (null? alt-expr)
the-undefined-value
(scm-eval (car alt-expr) env))
(scm-eval expr env))))))
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;5 specialni formy and a or
(and . ,(make-specform ---
(or . ,(make-specform ---

;5 specidlni forma lambda (v téle jen jeden vyraz)
(lambda . , (make-specform
(lambda (env args body)
(make-procedure env args body))))

;; specialni forma the-environment
(the-environment . ,(make-specform
(lambda (env) env)))

55 specialni forma quote

(quote . ,(make-specform
(lambda (env elem) elem)))
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;; aritmetika
(* . ,(wrap-primitive *))
(+ . ,(wrap-primitive +))

;5 prace s pary

(cons . ,(make-primitive make-pair))
(car . ,(make-primitive pair-car))
(cdr . ,(make-primitive pair-cdr))

;5 hegace
(not . ,(make-primitive
(lambda (elem)
(if (equal? elem scm-false)
scm-true
scm-false))))
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;5 dalsi selektory

(environment-parent . ,{(make-primitive get-pred))
(procedure-environment

(procedure-arguments

(procedure-body

55 konverze prostredi na seznam
(environment->list . , (make-primitive
(lambda (elem)
(if (equal? elem scm-false)
scm-false
(get-table elem)))))
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;5 procedura eval (dvou argumentii)
(eval . ,(make-primitive
(lambda (elem env)
(scm-eval elem env))))

;3 procedura apply
(apply . ,(make-primitive
(lambda (proc . rest)
(scm-apply proc
(apply-collect-arguments rest)))))

55 procedura apply s explicitnim prostredim predka
(env-apply . ,(make-primitive
(lambda (proc env . rest)
(scm-env-apply proc
env
(apply-collect-arguments rest)))))
))) ; konec toplevel environment
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Globalni prostredi: Pomocné procedury

;5 pro obecny typ volani apply sestavi seznam argumenti
(define apply-collect-arguments
(lambda (args)
(cond ((null? args)
(error "APPLY: argument missing"))
((and (not (null? args)) (null? (cdr args)))
(scm-list->1list (car args)))
(else (cons (car args)
(apply-collect-arguments
(cdr args)))))))
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Dasledky neexistence define
o rekurze pomoci y-kombinatori

@ do globélniho prostfedi nelze béhem Cinnosti interpretu
zavést nové definice (uzivatelskych procedur)

Hierarchie tri pocatecnich prostredi
O toplevel-environment
e v hierarchii Gplné nejvys (nemd predka)
e obsahuje zakladni definice (primitivni procedury a spec. formy)
@ midlevel-environment
e jeho predkem je toplevel-environment
e obsahuje definice uzivatelskych procedur,
které jsou k dispozici na pocatku béhu interpretu (map, length,...)
© global-environment

o jeho predkem je midlevel-environment
e neobsahuje zadné definice
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(define scheme-midlevel-env
(make-env scheme-toplevel-env
(assoc->env ‘(

(map .

, (make-procedure
scheme-toplevel-env
(expr->intern ’(f 1))
(expr->intern

>((lambda (y)
(y vy 1))
(lambda (map 1)

(if (null? 1)
0O
(cons (f (car 1))

(map map (cdr 1)))))))))
))))
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Cyklus REPL

(define scm-repl
(lambda ()

(let ((glob-env (make-env
scheme-midlevel-env
the-empty-1list)))

(let loop O
(display "1=> ")
(let ((elem (scm-read)))
(if (not elem)
’bye-bye
(let ((result (scm-eval elem glob-env)))
(scm-print result)

(Loop))))N)))

;5 spusténi REPLu
(scm-repl)
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Priklady pouziti interpretu

lambda = spec. forma

(lambda (x) (+ x 1)) = procedura

((lambda (x) (+ x 1)) 10) = 11

(((lambda (proc) (proc (x) (+ x 1))) lambda) 10) == 11
((lambda list (map - list)) 1 2 3 4) = (-1 -2 -3 -4)

(eval ’(* x x)
(procedure-environment
((lambda (x)
(lambda (y) (+ x y)))
10))) = 100

(apply ((lambda (pi) (lambda (x) (+ x pi))) 10) 20 >())

= 30
(env-apply (lambda (x) (+ x y))

((lambda (y) (the-environment)) 100)
20 7)) = 120
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Interpret obohaceny o imperativni rysy
@ budeme rozsifovat pfedchozi interpret

@ budeme postupovat metodou ,,nejmensiho odporu®

Postup implementace

© mutovatelné teckové pary: set-car!, set-cdr!
(umozni destruktivni praci se seznamy)

@ mutovatelné prostredi
(umozni destruktivni zmény prostredi, napfiklad zmény vazeb)

© sekvencovani: begin, lambda
(umozni rozumné interni definice)

@ zavedeni mutatordl prostredi: define a set!
(umozni zavadéni novych definic 4+ imperativni zménu vazeb)

Vilém Vychodil (KI, UP Olomouc) PP 2A, Lekce 5 Interpret s ved|. efekty ... 35 /1



Mutovatelné teckové pary

;5 mutator paru set-car!
(define pair-set-car!
(lambda (pair value)
(if (scm-pair? pair)
(begin
(set-car! (get-data pair) value)
the-undefined-value)
(error "SET-CAR!: argument must be a pair"))))

;5 mutator paru set-cdr!
(define pair-set-cdr!
(lambda (pair value)
(if (scm-pair? pair)
(begin
(set-cdr! (get-data pair) value)
the-undefined-value)
(error "SET-CDR!: argument must be a pair"))))
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Mutovatelné teckové pary

;; do globalniho prostredi pridame:
(set-car! . ,(make-primitive pair-set-car!))
(set-cdr! . ,(make-primitive pair-set-cdr!))

V tuto chvili miZzeme pouzivat set-car! a set-cdr! v interpretu:

;5 priklad imperativni zmény argumentii procedury

(set-car! (procedure-arguments map) ’blah)
(procedure-arguments map) = (blah 1)

(map - (1 2 3 4)) = error: symbol f not bound
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Mutovatelné prostredi: predehra pro define a set!
@ do kazdé tabulky vazeb pfidame napevno novy prvni prvek ,#£“

@ tim zajistime Ze kazda tabulka vazeb bude mutovatelna
pomoci mutatorl set-car! a set-cdr!

(predek . (#f (E; . F1)
(B2 . F2)

(En - F)))

;5 pridame do globalniho prostredi:
(lookup-env .
, (make-primitive
(lambda (env symbol . nonlocal)
(lookup-env env symbol
(or (null? nonlocal)
(equal? (car nonlocal) scm-true))

scm-false))))
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Define jako procedura
@ vytvofime define, ktery nejprve ,zhmotni sebe sama”, a pak

@ pouzije ,sebe sama” k zavedeni ,sebe sama” do prostredi

((lambda (y)
(y (environment-parent (the-environment))
’define
y))
(lambda (env symbol value)
(if (lookup-env env symbol #f)
(set-cdr! (lookup-env env symbol) value)
((lambda (table)
(set-cdr! table (cons (cons symbol value)
(cdr table))))
(environment->list env)))))
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Define jako procedura

Priklady pouziti:
(define (the-environment)
’faktorial
(lambda (n)
(if (=n 0)
1
(* n (faktorial (- n 1))))))

(define (the-environment)
’map
(lambda (f 1)
(if (null? 1)
()
(cons (f (car 1))
(map f (cdr 1))))))
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Set! jako procedura

;5 zavedeni set! uzitim funkce define
(define (the-environment)
‘set!
(lambda (env symbol value)
(set-cdr! (lookup-env env symbol) value)))

Priklad pouziti:

(set! (the-environment) ’* 10)

* = 10

(lookup-env (the-environment) ’*) = (x . 10)
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Zabudované specialni formy define, set! a begin

;5 specialni forma begin
(begin . , (make-specform
(lambda (env . body)
(let iter ((body body))
(cond ((null? body) the-undefined-value)
((null? (cdr body))
(scm-eval (car body) env))
(else (begin
(scm-eval (car body) env)
(iter (cdr body)))))))))
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Zabudované specialni formy define, set! a begin

;5 specialni forma define
(define . ,(make-specform
(lambda (env symbol value)
(let ((value (scm-eval value env))
(result (lookup-env env symbol #f #f)))
(if result
(pair-set-cdr! result value)
(pair-set-cdr!
(get-table env)
(make-pair (make-pair symbol value)
(pair-cdr (get-table env))))).

;; specialni forma set!
(set! . ,(make-specform
(lambda (env symbol value)
(pair-set-cdr! (lookup-env env symbol #t #f)
(scm-eval value env)))))
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Upravena lambda, tak aby uméla implicitni begin

;5 specidlni forma lambda (umoziiuje interni definice)
(lambda .
, (make-specform
(lambda (env args . body)
(if (not (null? (cdr body)))
(make-procedure
env args
(make-pair
(make-symbol ’begin)
(let iter ((ar body))
(if (null? (cdr ar))
(make-pair (car ar)
the-empty-list)
(make-pair (car ar)
(iter (cdr ar)))))))
(make-procedure env args (car body))))))
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Predikat eq?

;5 naprogramovani pomoci interniho eq?
(define scm-eq?
(lambda (elem-a elem-b)
(eq? (get-data elem-a)
(get-data elem-b))))

@ ostatni predikaty (eqv? a equal?) lze nadefinovat pomoci eq?

@ eqv? a equal? tedy nemusi byt zabudované
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Natahovani definic z externiho souboru

;5 natahuj vyrazy a vyhodnocuj
(define scm-load
(lambda (file-name env)
(let ((port (open-input-file file-name)))
(let next ()
(let ((expr (read port)))
(if (not (eof-object? expr))
(begin
(scm-eval (expr->intern expr) env)
(next)))))
(close-input-port port))))

@ predchozi procedura manipuluje se soubory pomoci porti viz R5RS

@ nacitd vyrazy jeden po druhém a vyhodnocuje je v daném prostredi
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Upraveny REPL

(define scm-repl
(lambda ()
(let ((glob-env (make-env scheme-toplevel-env
the-empty-1list)))
(scm-load "includes.scm" glob-env)
(let loop O
(display "1=> ")
(let ((elem (scm-read)))
(if (not elem)
’bye-bye
(let ((result (scm-eval elem glob-env)))
(newline)
(scm-print result)

(1oop))))))))
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Priklady pouziti interpretu

(lookup-env (the-environment) ’+) = (+ . #<...>)
(lookup-env (the-environment) ’+ #f) = #f

(define f (lambda (n) (+ n x)))

((lambda (x)
(env-apply f
(the-environment)
20 °0))
10) = 30

(procedure-body f) = (+ n x)
(set-car! (cddr (procedure-body f)) ’n)
(procedure-body f) F— (+ n n)

(f 10) = 20
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Interpret obohaceny o makra
@ zavedeme novy element — makro

@ makro v sobé obsahuje ukazatel na (transformacni) proceduru

;5 konstruktor makra a detekce typu
(define make-macro (curry-make-elem ’macro))
(define scm-macro? (curry-scm-type ’macro))

;5 test zdali se jedna o primitivni/uzivatelskou formu
(define scm-form?
(lambda (elem)
(or (scm-specform? elem)
(scm-macro? elem))))

;5 do globéalniho prostredi pridame:

(macro . ,(make-primitive make-macro))
(macro-transformer . ,(make-primitive get-data))
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Interpret obohaceny o makra
@ je tfeba pfizpiisobit vyhodnocovaci proces pro pfipad,
Ze prvnim prvek seznamu se vyhodnoti na makro
@ neni tfeba upravovat samotny scm-eval

@ upravime scm-form-apply (oSetfime novy pfipad pro makra)

;5 aplikuj specidlni formu
(define scm-form-apply
(lambda (env form args)
(cond ((scm-specform? form)
(apply (get-data form) env args))
((scm-macro? form)
(scm-eval (scm-apply (get-data form)
args)
env))

(else (error "APPLY: Expected spec. form")))))
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Priklady pouziti nasich maker

(macro (lambda (x y) x)) = makro

(macro-transformer (macro (lambda (x y) x))) = tr. pr.
(define m (macro (lambda (x y) x)))

(m12) = 1

(m 1 nevyhodi-chybu) = 1

(define first-of-2 (lambda (x y) x))

(define m (macro first-of-2))

(define let
(macro
(lambda (bindings . body)
(append (list (list ’lambda
(map car bindings)
(cons ’begin body)))
(map cadr bindings)))))

(et ((x 10) (y 20)) (+ x y)) == 30
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Priklady pouziti nasich maker

((macro (lambda (x y) x)) 10 nevyhodi-chybu) = 10

(define make-sender
(lambda (object)
(macro
(lambda (signal . args)
(cons object
(cons (list ’quote signal)

args))))))

(define obj
(lambda s (if (eq? (car s) ’blah) 1 (list 2 8))))

(define obj:send (make-sender obj))
(obj:send blah) = 1
(obj:send halb (+ 1 2) ’neco) F= (2 (halb 3 neco))
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Interpret obohaceny o generované symboly

@ zavedeme novy typ elementu — generovany symbol

;5 konstruktor symbolu a test zdali se jednd o symbol
(define make-symbol (curry-make-elem ’symbol))
(define scm-named-symbol? (curry-scm-type ’symbol))

;5 konstruktor generovaného symbolu
(define make-generated-symbol
(let ((make-physical-element
(curry-make-elem ’generated-symbol)))
(lambda ()
(make-physical-element (cons #f #f)))))

@ vyznam , (cons #f #£)“ z predchoziho kédu:

e nové vygener. symbol v sobé obsahuje ukazatel na novy par (#f . #f)
e kazdy generovany symbol je proto eq?-roven pouze sdm sobé

Vilém Vychodil (KI, UP Olomouc) PP 2A, Lekce 5 Interpret s ved|. efekty ... 53 /1



Interpret obohaceny o generované symboly

@ v procedufe scm-assoc, kterd se stara o hledani vazeb v prostredi
pfiddme novou vétev, ktera bude osetfovat pfipad, kdy hleddme
vazbu vygenerovaného symbolu (zde je potreba pouzit eq?)

;5 hledani vazeb v asociaénim poli
(define scm-assoc
(lambda (key alist)
(cond ((scm-null? alist) scm-false)

((eq? key (pair-car (pair-car alist)))
(pair-car alist))
((equal? key (pair-car (pair-car alist)))
(pair-car alist))
(else (scm-assoc key (pair-cdr alist))))))
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Interpret obohaceny o generované symboly

;5 predikat testujici zdali je dany element generovany symbol
(define scm-generated-symbol?
(curry-scm-type ’generated-symbol))

;5 test zdali se jednd o symbol pojmenovany/generovany
(define scm-symbol?
(lambda (elem)
(or (scm-named-symbol? elem)
(scm-generated-symbol? elem))))

;5 generované symboly
(gensym . ,(make-primitive make-generated-symbol))
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Priklady pouziti generovanych symboli

(define while
(macro
(lambda (test . body)
(define loop-name (gensym))
“((lambda O
(define ,loop-name
(lambda ()
(if ,test
(begin
,@body
(,1loop-name)))))
(,loop-name))))))

(define i 10)

(define x 0)

(while (> i 0) (set! i (-1 1)) (set! x (+ x 1)))
(i x) = (0 45)
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