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Implementace call/cc

Ukazali jsme

@ call/cc a jeho aplikace pro Fizeni vypoctu
(Fizeni cykld, korutiny, nedeterminismus, paralelismus)

Vsimli jsme si:

@ call/cc je silny, ale nebezpecny, nastroj
(je tfeba pouzivat obezfetné, pokud vibec)

Pfirozena otazka:
o Jak tézké je implementovat call/cc?
(odpovéd: uvidime na této predndsce)
Zakladni myslenka implementace:

@ Vyhodnocovaci proces musime umét uchopit tak, abychom se na néj
mohli divat jako na posloupnost elementarnich krokl vyhodnoceni
(povede na vytvoreni iterativni verze procedury ,,Eval“)
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Rekurzivni vs. iterativni ,,Eval“
@ soucasnd verze ,Eval” je (stromové) rekurzivni
@ nejprve vytvorime interpret jehoz ,,Eval” bude iterativni

@ misto rekurzivniho volani ,,Eval” budeme pouzivat iterativni volani
spojené s manipulaci s dodatecnymi zasobniky

Motivacni pfiklad: pocet atomil v seznamu

i poclet atomil v seznamu (rekurzivni verze)
(define atoms
(lambda (1)
(cond ((hull? 1) ©)
((pair? (car 1))
(+ (atoms (car 1))
(atoms (cdr 1))))
(else (+ 1 (atoms (cdr 1)))))))
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i poclet atomil v seznamu (iterativni verze)
(define atoms
(lambda (1)
(let iter ((1 (list 1))
(accum 0))
(cond ((hull? 1) accum)
((hull? (car 1)) (iter (cdr 1) accum))
((pair? (car 1))
(iter (apply list
(caar 1)
(cdar 1)
(cdr 1))
accum) )
(else (iter (cdr 1) (+ accum 1)))))))
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Motivacni pfiklad vyhodnocovani

Predpokladame, ze mame dva zasobniky:
@ EXEC (Execute Stack): zasobnik elementd ¢ekajicich na vyhodnoceni
@ RSLT (Result Stack): zasobnik vysledki vyhodnoceni

1. EXEC: (* 20 709)]

RSLT: ]
2. EXEC: =, #<inspect>, (20 70)]
RSLT: ]

3. EXEC: #<inspect>, (20 70)]
RSLT: #<primitive—procedure>]
4. EXEC: 20, 79, #<run>, 2]
RSLT: #<primitive-procedure> ]
5. EXEC: 70, #<run>, 2]
RSLT: 20, #<primitive—procedure> ]
6. EXEC: #<run>, 2]
RSLT: 70, 20, #<primitive-procedure>]
7. EXEC: ]
RSLT: 1400]
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Ve vevs

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

(= 20 (+ 30 40))1]
]

*, #<{inspect>, (20 (+ 30 40))]
]

#<inspect>, (20 (+ 30 40))]
#<{primitive-procedure>]

20, (+ 30 40), #<run>, 21
#<{primitive-procedure>]

(+ 30 40), #<run>, 2]
20, #<{primitive—procedure>]

+, #<inspect>, (30 40), #<run>, 21
20, #<primitive—procedure>]
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Ve vevs

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

4

EXEC:
RSLT:

#<inspect>, (30 40), #<run>, 2]
#<primitive-procedure>, 20, #<{primitive—procedure>]

30, 40, #<run>, 2, #<run>, 2]
#<{primitive-procedure>, 20, #<{primitive-procedure> ]

40, #<run>, 2, #<run>, 2]
30, #<{primitive-procedure>, 20, #<{primitive-proc.>]

#<run>, 2, #<run>, 21
40, 30, #<{primitive-procedure>, 20, #<primit.>]

#<run>, 2]
70, 20, #<primitive-procedure>]

]
1400]
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Implementace vyhodnocovani pomoci zasobniku
@ je implementovana (téméf tak), jak jsme naznadili v pfikladu

@ navic: prostredi, uzivatelsky def. procedury, makra, etc.

Zavedeme nové specialni elementy

nazev symbol s vazbou elementu a popis
#<{inspect> the-inspect rozliSeni akci podle 1. prvku
#<run> the-run aplikace

#<envrun> the-run aplikace s danym prostredim
#<returnd> the-return  vraceni z RSLT zpét na EXEC

#<{return-on—-true> | the-rotrue  podminéné vraceni kvali if
#<{discard> the-discard zruseni jednoho prvku z RSLT
#{define-assign> | the-defasgn kvili define

#<{set-assign> the-setasgn kvilli set!
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Pravidlo 0 (pocatek vyhodnocovani elementu v prostredi)

EXEC: element, #<env>]
RSLT: 1]

Pravidlo 1 (symbol se vyhodnoti na svou vazbu v daném prostredi)

EXEC: lambda, #<env>]

RSLT: ]
¥
EXEC: ]

RSLT: #<special-form>]
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Implementace pravidla 1 v nasem interpretu

(define rule-eval-symbol?

(lambda (*EXEC* =RSLTx)
(and (scm-symbol? (car *EXECx))
(scm—env? (cadr *EXEC*)))))

(define rule-eval-symbol

(lambda ()
(set! =*RSLT*
(cons

(let ((binding (lookup-env
(cadr *EXECx)
(car *EXECx*) #t #f)))
(if binding
(pair-cdr binding)
(error “EVAL: Symbol not bound”)))
*RSLT*))
(set! *EXEC* (cddr *EXEC*))))
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Pravidlo 2 (seznam se rozdéli na prvni prvek, inspektor a zbytek)

EXEC: (f argl arg2 ... argn), #<env>]
RSLT: 1]
4
EXEC: f, #<env>, #<inspect>, (argl arg2 ... argn), #<{env>]
RSLT: 1]

Pravidlo 3 (na vrcholu EXEC je #<inspect>)
Je-li na vrcholu RSLT procedura (primitivni/uzivatelska):

EXEC: #<inspect>, (argl ... argn), #<env>]
RSLT: #<procedure>]
!

EXEC: argl, #<env> --- argn, #{env>, #<{run>, n, #<lenv>]
RSLT: #<procedure>]

Vilém Vychodil (KI, UP Olomouc) PP 2B, Lekce 5 Zasobnikovy evaluator. .. 12 /23



Pravidlo 3 (na vrcholu EXEC je #<inspect>)
Je-li na vrcholu RSLT forma (specilni forma/makro):

EXEC:
RSLT:

4

EXEC:
RSLT:

#<inspect>, (arg1l ... argn), #<env>]
#<{form>]

#<run>, n, #<env>]
argl, ..., argn, #<{form>]

Pravidlo 4 (na vrcholu EXEC je #<run>)

Vv

rozliSuje se primitivni procedura / uZivatelskd procedura / specidlni forma
/ makro / manipulujici procedura / manipulujici forma
(posledni dvé jsou novinky)
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Pravidlo 4 (na vrcholu EXEC je #<run>)

Pt¥ipad:

EXEC:
RSLT:
4
EXEC:
RSLT:

P¥ipad:

EXEC:
RSLT:
¥
EXEC:
RSLT:
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aplikace primitivni procedury (spec. formy — analogické)

#<run>, n, #<env>]
res1 --- resn, #<{primitive—-procedure> ]

]
vysledek aplikace]

aplikace uzivatelské procedury

#<run>, n, #<env>]
argl --- argn, #<user-defined—-procedure>]

télo procedury, #<env:nové prostredi s vazbami>]

]
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P¥ipad:

EXEC:
RSLT:
¥
EXEC:
RSLT:

aplikace makra

#<run>, n, #<env>]
argl1 --- argn, #<macro>]

#<run>, n, #<lenv>, #<return>, #<env>]
argn --- argl, #<user-defined-procedure>]

Vazba na pravidlo #<return>:

EXEC:
RSLT:
I
EXEC:
RSLT:
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Manipulujici procedury/formy

@ jsou procedury/formy, které maji dva argumenty jimiz jsou samotné
zasobniky EXEC a RSLT

@ vysledek aktivace manipulujici procedury/formy je dvouprvkovy
seznam (novy—-EXEC novy—-RSLT)

@ to jest manipulujici procedury/formy maji moznost pfimo manipulovat
s obsahem obou zasobnik( a tim padem Fidit pribéh vypoctu
(vymyslel V. Vychodil, Palacky University :-))

Vsimnéte si: dnikové procedury lze chapat jako specidlni manipulujici
procedury, které ,vyklidi obsah zasobnik(i a na RSLT zapiSou vysledek"

K tomu abychom mohli dokoncit interpret potfebujeme naprogramovat
zakladni formy: if, begin, define, set! a nékteré procedury jako
apply, append (viz zdrojdk).
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llustrativni priklad implementace if

EXEC:
RSLT:

EXEC:
RSLT:

4

EXEC:
RSLT:

EXEC:
RSLT:

4

EXEC:
RSLT:
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(if test expr alt), #<env>]
]

#<run>, 3, #<env>]
test, expr, alt, #<manipulator-if>]

test, #<env>, #<return-on—-true)>, #<env>]
expr, alt]

#<return-on-trued> , #<env>]
cokoliv nebo #f, expr, altl

expr nebo alt, #<env>]

]
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i1 specidlni forma if
(if . ,(make-manipulator
(make—specform
(lambda (e r)
(list “(,(Ccar r)
,(caddr e)
,the-rotrue
,@(cddr e))
(if (= (get-data (cadr e)) 2)
*(,(cadr r)
,the-undefined-value
,@(cdddr r))
*(,(cadr r)
,(caddr r)
,@(cddddr r))))))))
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Implementace call/cc

@ call/cc miZeme udélat jako manipulujici proceduru

@ aktudlni pokradovani bude rovnéz manipulujici procedura
(aktudlni pokracovani je procedura predana receiveru)

i i manipuldtor call/cc (definice v globalnim prostredi)

(call/cc

, (make-manipulator

(make-primitive
(lambda (e r)
(let ((continuation (make-cc))
(receiver (car r)))
(list ‘(,the-run
, (make-number 1)
,@(cddr e))
*(,continuation

,receiver

,@(cddr r)))3))))
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i i make—cc: zhmotni aktudlni pokracovani
(define make-cc
(lambda ()
(let ((saved-EXEC (cdddr *EXECx))
(saved-RSLT (cddr =RSLT*)))
(make-manipulator
(make-primitive
(lambda (e r)
(list saved-EXEC
(cons (if (= (get-data (cadr e)) 0)
the-undefined-value
(car r))
saved-RSLT))))))))
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EXEC:
RSLT:

EQECI
RSLT:
EXEC:
RSLT:

EXEC:
RSLT:

(% 20 (call/cc (lambda (f) body))), #<env>]
]

(call/cc (lambda (f) body)), #<env>, #<{run>, 2,
#<env>]
20, #<primitive-procedure>]

call/cc, #<env>, #<inspect>, ((lambda (f) body)),
#<env>, #<run>, 2, #<env>]
20, #<primitive-procedure>]

#<run>, 1, #<lenv>, #<run>, 2, #<env>]
#<user—defined-proc.>, #<{manipulator-call/cc>,
20, #<primitive—procedure>]

KONTEXT-EXEC: #<run>, 2, #<env>]
KONTEXT-RSLT: O, 20, #<{primitive-procedure>]
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EXEC:
RSLT:

EXEC:
RSLT:

#<run>, 1, #<env>, #rund>, 2, #<env>]
#<{manipulator-continuation>,
#<user—defined-procedure>, 20, #<{primitive-proc.>]

body , #<env:prostredivzniku receiveru> , #<rund>, 2, #<env>]
20, #<{primitive—procedure>]

Pokud body neobsahuje volani Gnikové funkce,
pak vyhodnocovani probihd normalné.
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Predpokladejme, Ze body je ve tvaru (+ 30 (f 40)):

EXEC: (+ 30 (f 40)), #<env>, #run>, 2, #<env>]
RSLT: 20, #<{primitive—procedure>]

EXEC: #<run>, 1, #<lenv>, #{run>, 2,
#<env>, #<run>, 2, #<env>]

RSLT: 40, #<manipulator-continuation>, 30,
#<primitive-procedure>, 20, #<{primitive—procedure> ]

| pouziti uschovanych zasobnik(i a dosazeni do O

EXEC: #<run>, 2, #<env>]
RSLT: 40, 20, #<primitive-procedure>]

EXEC: ]
RSLT: 8001
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