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Cykly vybavené ,break”, ,continue” a ,redo”

@ break ... preruseni cyklu a ndvrat s danou hodnotou
@ continue ... provedeni dal3i iterace (pfeskoCeni zbytku t&la)
@ redo ... skok na zaCatek téla cyklu (bez testu podminky)

;; while vybaveny break
(define-macro while
(lambda (condition . body)
(let ((loop-name (gensym)))
“(call/cc
(lambda (break)
(let ,loop-name ()
(if ,condition
(begin ,Q@body
(,1loop-name)))))))))

(KI, UP Olomouc) PP 2, Lekce 9 Korutiny, nedeterminismus 2 /31



(let ((1i 0)
(3 0))
(while (< 1 10)
(set! j (+ j 1))
(set! i (+ 1 1))
(if (> 1 5)
(break)))
(list i j)) = (6 15)

(let ((n 0) (i 10))
(while (>= 1 0)
(set! i (- i 1))
(let ((3 1))
(while (>= j 0)
(set! n (+ n j))

(break))))
n) = 45
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;; while vybaveny break a continue
(define-macro while
(lambda (condition . body)
(let ((loop-name (gensym)))
“(call/cc
(lambda (break)
(let ,loop-name ()
(if ,condition
(begin (call/cc
(lambda (continue)
,@body))
(,1loop-name)))))))))
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Priklad pouziti:

(let ((i 0)
(3 0))
(while (< i 10)
(if (<=1 2)

(begin
(get! i (+ 1 1))
(continue)))
(set! j (+ j 1))
(set! i (+ 1 1))
(if (> 1 5)
(break)))
(list i j)) = (6 12)
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;; while vybaveny break, continue a redo (PERL)
(define-macro while
(lambda (condition . body)
(let ((loop-name (gensym)))
“(call/cc
(lambda (break)
(let ,loop-name ()
(if ,condition
(begin (call/cc
(lambda (continue)
(let ((redo #£f))
(call/cc
(lambda (f)
(set! redo f)))
,@body)))
(,loop-name)))))))))
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Priklad pouziti:
(let ((1 0) (3 0))
(while (< 1 10)
(set! j (+ j 1))
(set! i (+ 1 1))
(if (and (>= i 10) (< i 20))
(redo)))
(list i j)) = (20 190)

Pro continue misto redo bychom dostali:
(let ((i 0) (3 0))
(while (< i 10)
(set! j (+ j 1))
(set! i (+ i 1))
(if (and (>= i 10) (< i 20))
(continue)))
(list i j)) == (10 45)
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(define-macro do
(lambda (binding condition . body)
(let ((loop-name (gensym)))
“(call/cc
(lambda (break)
(letrec
((,loop-name
(lambda , (map car binding)
(if , (car condition)
(begin ,0@(cdr condition))
(begin (call/cc
(lambda (continue)
(let ((redo #f))
(call/cc (lambda (£)
(set! redo £)))
,@body)))
(,loop-name ,Q@(map caddr binding)))))))
(,loop-name ,0@(map cadr binding))))
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Makro realizujici cyklus typu repeat ~until
(jiz jsme implementovali v predchozich lekcich)
(define-macro repeat
(lambda args
(letrec ((but-last --- ; viz prednasku 4
(split-args (but-last args))
(body (car split-args))
(limits (cdr split-args))
(loop-name (gensym)))
“(let ,loop-name ()
,@body
(cond ,@(map (lambda (conds)
“(,(car conds)
(begin ,0(cdr conds))))
(cdr limits))
(else (,loop-name)))))))
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Makro obohacené o break, continue a redo
(define-macro repeat
(lambda args
(letrec --- ; vazby jako na pfedchozim slajdu
“(call/cc
(lambda (break)
(let ,loop-name ()
(call/cc
(lambda (continue)
(let ((redo #f))
(call/cc (lambda (f) (set! redo f)))
,@body)))
(cond ,@(map (lambda (conds)
“(,(car conds)
(begin ,@(cdr conds))))
(cdr limits))
(else (,loop-name)))))))))
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Iteratory (opakovani)

@ iterator — pro danou datovou strukturu postupné vraci jeji prvky

Pomocné definice:

;5 Identifikdtor ukonceni iterace
(define *end-of-iteration* (lambda () #f))

;5 Implementace chybového hlaseni
;5 predikdt indikujici konec iterace
(define finished?
(lambda (elem)
(eq? elem *end-of-iteration*)))
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(define generate-iterator
(lambda (1)
(letrec ((return #f)
(start
(lambda ()
(let loop ((1 1))
(if (null? 1)
(return *end-of-iterationx)
(begin
(call/cc
(lambda (new-start)
(set! start new-start)
(return (car 1))))
(Loop (cdr 1))))))))
(lambda () (call/cc
(lambda (f)
(set! return f)

(start)))))))
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Priklad pouziti:

(define p (generate-iterator ’(a b c d e)))

(p)
(p)
(p)
(p)
(p)
(p)
(eq? (p)

FITTLI
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#t<procedura> (indikator konce)
xend-of-iteration*) = #t
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Priklad: Hloubkovy iterator

(define generate-depth-iterator
(lambda (1)
(letrec ((return #f)
(start
(lambda ()
(let loop ((1 1))
(cond ((null? 1) ’nejaka-hodnota)
((pair? 1)
(begin
(loop (car 1))
(loop (cdr 1))))
(else
(call/cc
(lambda (new-start)
(set! start new-start)
(return 1))))))
(return (0)))) ---
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(lambda ()
(call/cc
(lambda (f)
(set! return f)

(start)))))))

Poznamka:

@ uZ neni potfeba *end-of-iteration*

o prohledavani je ukonéeno ()
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Priklad pouziti:

(define p (generate-depth-iterator ’(a (b (c (d)) e))))
(define q (generate-depth-iterator ’(((a b) ((c d))) e)))
(p) a

(q)
(p)
(q9)
(p)
(q9)
(p)
(q9)
(p)
(q9)
(p)
(q)

I

~— N
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Korutiny
@ korutiny ... reprezentuji podprogramy, které se vzajemné prepinaji

@ C. T. Haynes, D. P. Friedman, M. Wand. Continuations and Coroutines.
In: Conf. ACM Symp. LISP and Functional Programming, 293-298, 1984.

;5 makro na vytvareni korutin
(define-macro coroutine
(lambda (arg . body)
‘(letrec ((state (lambda ,arg ,@body))

(resume

(lambda (¢ . elems)
(call/cc
(lambda (f)

(set! state f)

(apply c elems))))))
(lambda elems
(apply state elems)))))
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Priklad: bez pouziti resume se chova jako normaini procedura

(define c¢ (coroutine (x) (+ x 1)))

(c 10) = 11

Priklad: dvé korutiny, jedna prepne na druhou
(define d (coroutine ()
(display "VOLANA D")
(newline)
(resume ¢ 10)))

(d) EEM
(d) =
(d 10) =
(d ’blah) =
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Iterator pomoci korutin

;5 identifikitor ukonceni iterace a predikat (jizZ mdme implementované)
(define *end-of-iteration* (lambda () #f))
(define finished?
(lambda (elem)
(eq? elem *end-of-iterationx)))

;5 iterdtor: korutina volajici dalsi korutinu (caller)
(define generate-iterator
(lambda (1)
(coroutine (caller)
(let loop ((1 1))
(if (null? 1)
(resume caller *end-of-iterationx*)
(begin
(resume caller (car 1))

(loop (cdr 1))))))))
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e K tomu abychom mohli pouzivat iterator potfebujeme vytvorit dalsi
korutinu (zde se jmenuje ,,user”, v kédu iteratoru to je ,caller”).

(letrec ((iterator (generate-iterator ’(a b c d e)))
(user
(coroutine ()
(let iter QO
(let ((v (resume iterator user)))
(if (not (finished? v))
(begin

(display v)

(newline)

(iter))))))))

(user))

e Predchozi bychom mohli zjednodusit makrem with-iterator.
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Nedeterminismus
@ nedeterministicky operdtor amb, vraci jeden z vyhodnoc. argumenti,
pfitom mu jde o to najit aspori jedno rFeseni
(operator nedeterministicky konverguje k feseni, pokud existuje)

@ J. McCarthy. A Basis for a Mathematical Theory of Computation.
In: P. Braffort, D. Hirschberg (Eds.): Computer Programming and Formal
Systems. North-Holland, 1967.

(amb) = Error: Tree Exhausted
(amb 1 2 3 4) = 1

(if (amb #f #t)
’blah
(amb)) = blah

(let ((x (amb 1 2 3 4)))
(if (odd? x)
(amb)
X)) = 2
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Nedeterminismus
e amb-fail, pomocna procedura, jeji GCel bude jasny dale
@ bez argumentu: slouZi k vyvolani navratu (backtracking)
e 1 argument: nastavi hodnotu aktualniho navratu na danou hodnotu

(define amb-fail
(let ((failure #f))
(lambda args
(if (null? args)
failure
(set! failure
(if (procedure? (car args))
(car args)
(lambda ()
(error "AMB: Tree Exhausted"))))))))
;5 inicializace amb-fail
(amb-fail #f)
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O co tady jde?

(amb-fail #f)
(amb-fail) = (O, (error ...), P)

(amb-fail odd?)
(amb-fail) > primitivni procedura odd?

(amb-fail (lambda (x)
(amb-fail odd?)

x))
((amb-fail) 10) = 10
((amb-fail) 10) = #f
((amb-fail) 11) = #t
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(amb-fail #f)

(let ((prev-fail (amb-fail)))
(call/cc (lambda (exit)
(call/cc (lambda (next)
(amb-fail (lambda ()
(amb-fail prev-fail)
(next)))
(exit 1)))
(prev-fail)))) =1

((amb-fail)) k= ,,CHYBA: AMB: Tree Exhausted‘‘
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(amb-fail #f)

(let ((prev-fail (amb-fail)))
(call/cc (lambda (exit)
(call/cc (lambda (next)
(amb-fail (lambda ()
(amb-fail prev-fail)
(next)))
(exit 1)))
(call/cc (lambda (next)
(amb-fail (lambda ()
(amb-fail prev-fail)
(next)))
(exit 2)))
(prev-fail))))) =1

((amb-fail)) = 2
((amb-fail)) = ,,CHYBA: AMB: Tree Exhausted‘’
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next —
(excaper
(lambda (O)
(let ((prev-fail (amb-fail)))
(call/cc (lambda (exit)
O
(call/cc (lambda (next)
(amb-fail (lambda ()
(amb-fail prev-fail)
(next)))
(exit 2)))
(prev-fail))))))

exit —
(excaper
(lambda (O)
(let ((prev-fail (amb-fail)))
0)))
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failure (v P) —» (O, (amb-fail prev-fail) (next),Py)

Tedy procedura pfi aplikaci
o ulozi ,predchozi fail“ ve vazb& na failure v P,

@ aktivuje next — pokraCovani dalsim prvkem.
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;5 amb (ambiguous) operator
(define-macro amb
(lambda elems
(let ((previous-fail (gensym)))
“(let ((,previous-fail (amb-fail)))
(call/cc
(lambda (exit)
,0(map (lambda (elem)
“(call/cc
(lambda (next)
(amb-fail
(lambda ()
(amb-fail ,previous-fail)
(next)))
(exit ,elem))))
elems)
(,previous-fail)))))))
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(let ((elem (amb 1 2 3))) elem) =1

(let ((elem (amb 1 2 3 15 4)))
(if (< elem 10)
) XXX)
elem) = 1

(let ((elem (amb 1 2 3 15 4)))
(if (< elem 10)
(amb))
elem) = 15

PROBOHA PROG?
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next —
(excaper
(lambda (0O)
(let ((elem
(let ((prev-fail (amb-fail)))
(call/cc (lambda (exit)
O
(call/cc (lambda (next)
(amb-fail (lambda ()
(amb-fail prev-fail)
(next)))
(exit 2)))
(prev-fail))))))
(if (< elem 10)
(amb))
elem)))
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;5 odvozeny konstrukt: assert
(define assert
(lambda (elem)
(if (not elem)
(amb))))

Priklad pouziti assert (spolu s amb)
(let ((x (amb 1 2 3 4 5)))
(assert (o0dd? x))
x)
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