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Makro realizujici 1et pomoci A-vyrazi

;5 zdkladni let umoznujici vazat hodnoty
(define-macro let
(lambda (assgn . body)
‘((lambda , (map car assgn)
(begin ,Gbody))
,0(map cadr assgn))))

(let ((x 10)
(y (+x 1)
(list x y))
4
((lambda (x y)
(begin (list x y)))
10 (+ x 1)) =

(KI, UP Olomouc) PP 2A, Lekce 4 Makra Il 2 /41



Pojmenovany let

;5 pojmenovany let umoZiujici vazat hodnoty
(define-macro let
(lambda (sym assgn . body)
¢((lambda ()
(define ,syn
(lambda , (map car assgn)
(begin ,@body)))
(,sym ,@(map cadr assgn))))

(let func ((x 10)

(y (+ x 1))
(list func x y))
I8
((lambda ()

(define func (lambda (x y)
(begin (1list func x y))))

(func 10 (+ x 1)))) B ---
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Oba lety v jednom

;5 makro rozliSuje pojmenovany/nepojmenovany let
(define-macro let
(lambda args
(if (symbol? (car args))
;5 pojmenovany let
“((lambda O
(define ,(car args)
(lambda , (map car (cadr args))
(begin ,0(cddr args))))
(,(car args) ,0@(map cadr (cadr args)))))
;5 nepojmenovany let
‘((lambda ,(map car (car args))
(begin ,0(cdr args)))
,0(map cadr (car args))))))
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let* pomoci rekurzivniho vnoreni

(define-macro letx
(lambda (assgn . body)
(define iter
(lambda (assgn)
(if (null? assgn)
“((lambda () ,@body))
‘((lambda (,(caar assgn))
, (iter (cdr assgn)))
, (cadar assgn)))))
(iter assgn)))

(Letx ((x 10) (y (+ x 1))) (ist x 7)) =
((lambda (x)
((lambda (y)
((lambda () (list x y))))
+ x 1))
10) = -
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let* jako rekurzivni makro
(define-macro letx
(lambda (assgn . body)
(if (null? assgn)
¢((lambda () ,Gbody))
‘((lambda (,(caar assgn))
(let* ,(cdr assgn)
,@body) )
, (cadar assgn)))))

let* jako rekurzivni makro vyuzivajici vytvoreny let
(define-macro letx
(lambda (assgn . body)
(if (null? assgn)
‘((lambda () ,@body))
“(let (,(car assgn))
(let* ,(cdr assgn)
,@body)))))
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Pokud pouzijeme misto (lambda () ,@body) formu begin takto:
(define-macro letx
(lambda (assgn . body)
(if (null? assgn)
‘(begin ,@body)
“(let (,(car assgn))
(let* ,(cdr assgn)
,@body)))))

tak bude mit nas letx* jiny vyznam
napfiklad:

(let* () (define x 10))
by provedlo definici v globalnim prostredi (!!)
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letrec* pomoci set!
(define-macro letrec
(lambda (assgn . body)
‘((lambda ,(map car assgn)
,0(map (lambda (i)
‘(set! ,(car i) ,(cadr i)))
assgn)
,0body)
,0(map (lambda (i) #f) assgn))))

letrec* pomoci define
(define-macro letrec
(lambda (assgn . body)
“((lambda ()
,0(map (lambda (i)
‘(define ,(car i) ,(cadr 1i)))
assgn)
,@body))))

(KI, UP Olomouc) PP 2A, Lekce 4 Makra Il 8 /41



Makra pro vytvareni rekurzivnich procedur

Makro pro vytvareni rekurzivnich procedur bez define
pouZivame princip y-kombinatoru

(define-macro procedure
(lambda (args . body)
‘(lambda ,args
((lambda (y)
(y y ,0args))
(lambda (self* ,Qargs)
,@body)))))

makro realizujici volani sebe sama
(define-macro self
(lambda args
‘(selfx selfx ,Qargs)))

(KI, UP Olomouc) PP 2A, Lekce 4

Makra Il

9/ a1



Priklad pouziti:
(procedure (n)
(if (=n 1)
1
(* n (self (- n 1)))))))
)
(lambda (n)
((lambda (y) (y y n))
(lambda (self* n)
(if =n 1)1
(* n (self (- n 1)))))))

|} (jesté po expanzi self)
(lambda (n)
((lambda (y) (y y n))
(lambda (self* n)
(if (=n 1) 1
(* n (selfx self* (- n 1)))))))
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Priklad pouziti:
(let ((f (procedure (n)
(if (=n 1)
1
(* n (self (- n 1)))))))
(map £ (1 23456 7)))

méa jednu drobnou vadu na krase:
self se uvnitf procedury nechova jako procedura:
(let ((f (procedure (x)
(if (list? x)
(apply + (map self x))
1))
(f ’(a ((b c) ((d))) ((e) £))))

= Error (self neni procedura)
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Reseni predchoziho problému

(define-macro procedure
(lambda (args . body)
‘(lambda ,args
((lambda (y)
(y y ,0Qargs))
(lambda (self ,Qargs)
(let ((self (lambda ,args (self self ,Qargs))))
,@body))))))

Priklad:
(let ((f (procedure (x)
(if (1ist? x)
(apply + (map self x))
1))
(f >(a ((b c) ((d))) ((e) £)))) = 6
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Reseni predchoziho problému

Priklad:
(let ((f (procedure (x)
(if (1ist? x)
(apply + (map self x))
1))
(f 7(a ((b c) ((d))) ((e) £))))

4

(let ((f (lambda (x)
((lambda (y) (y y x))
(lambda (self x)
(let ((self (lambda (x) (self self x))))
(if (list? x) (apply + (map self x))
1))
(f 2(a ((b c) ((d))) ((e) £2)))
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Specialni forma let-values: nase “vylepsené let”

Priklad pouziti let-values:
(let ((seznam ‘("Vilem" 100 blah ,(+ 1 2))))
(let-values ((blah 10)
((name value next comment) seznam)
((v n ¢) (cdr seznam))
(x (+ 10 20)))
(1ist blah name value next comment v n ¢ x)))
= (10 "Vilem" 100 blah 3 100 blah 3 30)
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Priklad pouziti let-values
(let ((seznam ‘("Vilem" 100 blah ,(+ 1 2))))
(let-values ((blah 10)
((name value next comment) sSeznam)
((v n ¢) (cdr seznam))
(x (+ 10 20)))
(1ist blah name value next comment v n c x)))
)
(let ((seznam ‘("Vilem" 100 blah ,(+ 1 2))))
(apply
(lambda (blah name value next comment v n ¢ x)
(begin
(list blah name value next comment v n ¢ x)))
(append
(list 10)
seznam
(cdr seznam)
(list (+ 10 20)))))
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Implementace makra:
(define-macro let-values
(lambda (assgn . body)

‘ (apply
(lambda
, (apply append
(map (lambda (x)
(if (1ist? (car x))

(car x)
(list (car x))))
assgn))

(begin ,@body))
(append ,@(map (lambda (x)
(if (list? (car x))
(cadr x)
“(list ,(cadr x))))
assgn)))))
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Specialni forma letref: nase “vylepseni letrec”

;3 forma umi obnovit hodnoty vazeb, pokud byly zménény, napfiklad:

(letref ((x 10)
(f (lambda (n)

(if (=n 0)
1
(xn (f (-n 1))))))
(y 100))

(display x) zobrazi: 10
(newline)
(set! x (£ 20))
(display x) zobrazi: 2432902008176640000
(newline)
(refresh ’x) provede navrat k pivodni hodnoté
(display x) zobrazi: 10
(newline)
#f) = #f
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Témér spravné reseni:
(define-macro letref
(lambda (bindings . body)
“((lambda O
,0(map (lambda (b)
‘(define ,(car b) ,(cadr b)))
bindings)
(define refresh
(lambda (symbol)
(cond ,0(map (lambda (x)
‘((equal? symbol ’,(car x))
(set! ,(car x) ,(cadr x))))
bindings))))
(begin ,@body)))))

(KI, UP Olomouc) PP 2A, Lekce 4 Makra Il 17 / 41



(letref ((x 10)
(f (lambda (n)
(if (=n0) 1 (xn (f (-0 1))))))
(y 100))
(display x) (newline) (set! x (f 20))
(display x) (newline) (refresh ’x)
(display x) (newline) #f) = #f
4
((lambda ()
(define x 10)
(define f (lambda (n) (if (=n 0) 1 (*x n (f (- n 1))))))
(define y 100)
(define refresh
(lambda (symbol)
(cond
((equal? symbol ’x) (set! x 10))
((equal? symbol ’f) (set! f (lambda (n) ...)))
((equal? symbol ’y) (set! y 100)))))
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((lambda ()
(define x 10)
(define f (lambda (n) (if (=n 0) 1 (*xn (f (- n 1))))))
(define y 100)
(define refresh
(lambda (symbol)
(cond
((equal? symbol ’x) (set! x 10))
((equal? symbol ’f) (set! f (lambda (n) ...)))
((equal? symbol ’y) (set! y 100)))))
(begin (display x) (newline)
(set! x (f 20))
(display x) (newline)
(refresh ’x)
(display x) (newline) #£f)))
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V pripadé vedlejsiho efektu se dostaneme do probléemu:
(letref ((i 0)
(x (begin (display "VOLANA")
(set! i (+ i 1))
i)))
(display (list i x)) =zobrazi: (1 1)
(set! x ’blah)
(display (list i x)) zobrazi: (1 blah)

(refresh ’x) dojde k druhému vyhodnoceni
(display (list i x)) =zobrazi: (2 2)
#f) = #f

Protoze refresh vypada takto:

(define refresh
(lambda (symbol)
(cond ((equal? symbol ’i) (set! i 0))
((equal? symbol ’x)
(set! x (begin (display "VOLANA")
(set! i (+-1i 1)) 1))))))
Makra Il 20 / 41



Pfedchozi vadu odstranime preprogramovanim refresh
(define-macro letref
(lambda (bindings . body)
“((lambda ()
,0(map (lambda (b) ‘(define ,(car b) ,(cadr b)))
bindings)
(define refresh
(let ((mem (1list
,0(map (lambda (x)
‘(cons ’,(car x) ,(car x)))
bindings))))
(lambda (symbol)
(cond ,@(map (lambda (x)
‘((equal? symbol ’,(car x))
(set! ,(car x)
(cdr (assoc ’,(car x) mem)))))
bindings)))))
(begin ,@body)))))
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Expandovany kéd pfedchozi ukazky bude vypadat takto:

((lambda ()
(define i 0)
(define x (begin (display "VOLANA") (set! i (+ i 1)) 1))
(define refresh
(let ((mem (list (comns ’i i) (coms ’x x))))
(lambda (symbol)
(cond ((equal? symbol ’i)
(set! i (cdr (assoc ’i mem))))
((equal? symbol ’x)
(set! x (cdr (assoc ’x mem))))))))
(begin (display (list i x)) (set! x ’blah)
(display (list i x)) (refresh ’x)
(display (list i x)) #£f)))
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Motivace: Chceme vyresit problém se ,symbol capture”

V nasledujicim makru dochazi k zachyceni symbolu curval
(define-macro capture
(lambda body
“(let ((curval 100))
,@body)))

Priklad pouziti:

(let ((curval 10))
(capture
(display "Hodnota: ")
(display curval)
(newline)
(+ curval 1))) == 101
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Motivace: Chceme vyresit problém se ,symbol capture”

Divod zachyceni symbolu

(capture
(display "Hodnota: ")
(display curval)
(newline)

(+ curval 1))
4

(let ((curval 100))
(display "Hodnota: ")
(display curval)
(newline)
(+ curval 1)) = 101
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Predchozi problém Ize Cisté vyFesit zavedenim nového typu symbold.
V3echny symboly, které jsme doposud uvazovali byly tzv. pojmenované.

’ahoj F= element symbol, ktery ma jméno ahoj

’blah == element symbol, ktery ma jméno blah’

(define s ’ahoj) na s se navaZe ahoj

s B ahoj (to jest na s je jako hodnota navazany symbol)

Porovnavani pojmenovanych symbold probihd vzhledem k jejich jméntm.
(equal? ’ahoj ’blah) = #f

(equal? ’ahoj ’ahoj) kK= #t

(eq? ’ahoj ’blah) = #f

(eq? ’ahoj ’ahoj) = it

Dtivod: v prostfedich se hledaji vazby podle jmen symboli,

nikoliv podle jejich fyzického ulozeni v paméti.
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Novy typ symbolu: bezejmenny (generovany) symbol:
@ vznikd volanim procedury bez argumentu gensym,
@ kazdy generovany symbol je roven pouze sadm sobé,

@ nema zadnou ,Citelnou externi reprezentaci”.

(gensym) > nové vygenerovany symbol
(symbol? (gensym)) = #t
(equal? (gensym) (gensym)) > #f

(define s (gensym))
(equal? s s8) = #t
S = g3 (vypise Dr. Scheme)

Poznamka: i kdyby interpret dva nové vygenerované symboly
~vypisoval stejné“, nejedna se o tyz symbol. (!)
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Reseni motivacniho problému

misto:
(define-macro capture
(lambda body
“(let ((curval 100))
,@body)))

napiSeme:
(define-macro no-capture
(lambda body
(let ((new-unnamed-symbol (gensym)))
‘(let ((,new-unnamed-symbol 100))
,@body))))

Na new-unnamed-symbol bude vazan nové vygenerovany symbol.
Jelikoz je tento symbol beze jména, nelze se na néj z body nijak dostat.
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Priklad:
(let ((curval 10))
(no-capture
(display "Hodnota: ")
(display curval)
(newline)
(+ curval 1)))

\

(let ((,vygenerovany symbol“ 100))
(display "Hodnota: ")
(display curval)
(newline)

(+ curval 1)) = 11

(KI, UP Olomouc) PP 2A, Lekce 4 Makra Il 28 / 41



Reseni problému s makrem realizujicim spec. formu ,,or".

;3 Makro or Cistym zpiisobem
(define-macro or
(lambda args
(if (null? args)
#f
(if (null? (cdr args))
(car args)
(let ((result (gensym)))
‘(let ((,result ,(car args)))
(if ,result
,result
(or ,@(cdr args)))))))))
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Nyni vypada prepis takto:
(or 1 2 3)
.
(let ((,symbol®“ 1))
(if ,symbol“ ,symbol“ (or 2 3))) =

V poradku (jednonasobné vyhodnoceni):
(et ((x 0))
(or (begin (set! x (+ x 1))
x)
blah)) = 1

Rovnéz v poradku (nedochazi k symbol capture):

(let ((result 10))
(or #f result)) = 10
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Specialni forma case

Priklad pouziti:
(case (+ 1 2)
((0 1 2) ’blah)
((3 4) ’ahoj)
(else ’nic)) = ahoj

;5 naivni makro (ma capture na result)
(define-macro case
(lambda (value . clist)
“(let ((result ,value))
(cond ,Q@(map (lambda (x)
(if (1list? (car x))
¢ ((member result ’,(car x))
, (cadr x))
‘(else ,(cadr x))))
clist)))))
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Opét nefunguje
(let ((result 1000))
(case 10
((10 20) result)
(else #f))) == 10 misto 1000

protoZe case se expanduje takto:

(let ((result 10))
(cond ((member result °’(10 20)) result)
(else #f)))
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Reseni je opét jednoduché:
(define-macro case
(lambda (value . clist)
(let ((result (gensym)))
‘(let ((,result ,value))
(cond ,@(map (lambda (x)
(if (list? (car x))
¢ ((member ,result ’,(car x))
, (cadr x))
‘(else ,(cadr x))))
clist))))))

Pak to bude vypadat takto:

(let ((,symbol* 10))
(cond ((member ,symbol“ *(10 20)) result)
(else #£)))

(KI, UP Olomouc) PP 2A, Lekce 4 Makra Il 33 /41



Specialni forma cond podle R6RS.

Nékteré moznosti cond jsme zatim zatajovali.

@ vic argumenti v téle, prazdné télo, klicové slovo ,=>

(cond) [
(cond (else ’blah)) =
(cond (’blah)) =
(cond (10 => -)) —
(cond ((= 1 1)

(display "X")

(newline)
(+12))) =

nedefinovana hodnota

blah

blah

-10

3 rovnéz zobrazi X
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Dalsi priklad:
(define test
(lambda (n)
(cond ((=n 1) ’jedna)

(test 0)
(test 1)
(test 2)
(test 3)
(test 10)

((=n 2))

((= n 3) (display n)
(newline)
(+n 1))

((and (> n 4) n) =>
(lambda (x) (* x x)))
(else ’nevim))))

nevim

jedna

#t

4 rovnéz zobrazi 3
100

I

(KI, UP Olomouc) PP 2A, Lekce 4 Makra Il

35 / 41



Specialni forma cond podle R6RS

(define-macro cond
(lambda clist
(let ((symbol (gensym)))
(if (null? clist)
C(if #f #f)
(if (equal? (caar clist) ’else)
‘(begin ,@(cdar clist))
‘(let ((,symbol ,(caar clist)))
(if ,symbol
,(if (null? (cdar clist))
symbol
(if (equal? (cadar clist) ’=>)
“(,(caddar clist) ,symbol)
‘(begin ,0@(cdar clist))))
(cond ,@(cdr clist)))))))))
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(cond ((= n 1) ’jedna)
((=n 2))
((= n 3) (display n)
(newline)
(+ n 1))
((and (> n 4) n) =>
(lambda (x) (x x x)))
(else ’nevim))))
4
(let ((,symboll“ (= n 1)))
(if ,symboll“ (begin (quote jedna))
(let ((,symbol2* (= n 2)))
(if ,symbol2¢  symbol2“
(let ((,symbol3* (= n 3)))
(if ,symbol3“ (begin (display n)
(newline) (+ n 1))
(let ((,symbold“ (and (> n 4) n)))
(if ,symbol4“ ((lambda (x) (* x x)) ,symbold“)
(begin (quote nevim))))))))))
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Implementace maker realizujicich cykly

;5 cyklus typu while
(define-macro while
(lambda (condition . body)
(let ((loop-name (gensym)))
“(let ,loop-name ()
(if ,condition
(begin ,@body
(,loop-name)))))))

Priklad pouziti:
(Let ((2 0) (3 O))
(while (< i 10)
(set! j (+ j 1))
(set! i (+ 1 1)))
(list i j)) B (10 45)
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Priklad pouziti:
(let ((12 0) (3 0O))
(while (< i 10)
(set! j (+ j 1))
(set! 1 (+ 1 1))
(list i j)) B (10 45)

4

(let ,symbol* ()
(if (< i 10)
(begin (set! j (+ j 1))
(set! i (+ i 1))
(list i j)
(,,symbol“))))

Tohle ale bude vracet nedefinovanou hodnotu.
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Uprava: vraci hodnotu vyhodnoceni posledniho vyrazu v téle
(define-macro while

(lambda (condition . body)
(let ((loop-name (gensym))
(last-value (gensym)))
“(let ,loop-name ((,last-value (if #f #£f)))
(if ,condition
(,loop-name (begin ,@body))
,last-value)))))

Priklad pouziti:
(let ((i 0)
(3 0
(while (< i 10)
(set! j (+ j 1))
(set! i (+ i 1))
(list i j))) = (10 45)
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Priklad pouziti:
(let ((1i 0)
(5 0))
(while (< i 10)
(set! j (+ j 1))
(set! i (+ i 1))
(list i j))) = (10 45)

(let ,symboll“ ((,symbol2* (if #f #£f)))
(if (< i 10)
(,symboll“ (begin (set! j (+ j 1))
(set! i (+ 1 1))
(list i j)))
»Symbol2“))
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