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@ 4.3: Variations on a Scheme — Non-deterministic
Computing
» 43.1: 0000 amb O OO
» 432: 00000000000
» 433 amb 000000000
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Scheme O OO -0O0OOOOMO

000000 ¥ooooooooooon

e 10DDDODDO(DODODOOO)OODO

@ "generate and test” OO0 (00 )00D0O0ODOOODO
Jodd

= 0000000000000 o00((@)ooooo
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43.1: OO0 amb U O O
0000 amb

(amb e1 ... ep)

o s UULOODDOOOOOODO
o JUU nODO

en=00000!
» J0000000O0 (booooooO)oOod
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amb [0 catch/throw O O [

o JOU

» JO000o0o0o0o0o0gooooboobdd
* amb 0 catch O throw OO OOOOOO

o LJOUU

» catch 000 (catchO0) DO OOODOODOO
0d

»amb J U O ODOOOOOOOON
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amb [1 catch [0 throw OO O 0O OO [
]

@ (throw ...) ~ (amb)

@ (amb el e2): e1 00000 (amb) DOOODODO
0000000000 e20000O00O00ODODOO

(amb (+ 2 (amb) 3) 4)
= 4

» (amb) DO O0O0ODOOO0OODO0O0ODOe1O0DOO
gooooood
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catch [0 amb U IO OO OO O

(let ((x (catch ’a 2)))
(if (even? x) (throw ’a true) x))
= wuncaught exception

(let ((x (amb 2 3)))
(if (even? x) (amb) x))
= 3

(amb ...) OO00O0O00 (amb) DO O0O0OODOOO
000 (backtrack DO O)0 000!
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Jobogubogdno...

o throw UL UUOUOOUDD = 00000

e (amb) U DUOUDDOODDOOUODDOOOO
O TODOOODOODOODOODODOOODOOOO
guoooobogn
» U00000 amb DO OOOOOOOOOOO

gooooood
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Joboguoodootdbd amb OO
[]

oot bddgdboobibddg eval
o JUULULDODUOOOLOLDLUOOOLLDLOO

o UUIODUO (amb) DUODDOODOOODOO
fcont (failure continuation)
» U000 amb U O OOOOOOOOOOOOO
»amb J OO OO0DOOO0O0OOOO0O0O0O0O00OO0

U fcont U OOOOOOOOOOONO

e eval DO DO:
. 000 (C00000O0)
> “no-more-values” (0 O 0O0O)
» “no-problem” (D000 try-again 00 00O0)
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eval /apply/apply-cont 0 [0 [

Dooodb0amp) UO0O0O0OO0O0OO0OOoooood
O fcont (failure continuation) O O O

(define (eval exp env cont fcont)

(cond

((self-evaluating? exp) ...)
((variable? exp) ...)

co))

(define (my-apply proc args cont fcont)
ce)

(define (apply-cont proc args cont fcont)
)
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eval: U UOUUOOUOUOLOUOUO

e JOODOO apply-cont 00O ODOOO (cont) O
HEN

e fcont IO

(define (eval exp env cont fcont)
(cond
((self-evaluating? exp)
(apply-cont cont exp fcont))

cou))
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Jubgubogtdg: if

o UUIUODODOO fcontOOOMO

e fcont 0D DIDODDDODODOODODODOO (eval)d
0O

;3 eval O0O0OO
((if? exp) (eval-if exp env cont fcont))

(define (eval-if exp env cont fcont)
(eval (if-predicate exp) env
(make-testc (if-consequent exp)
(if-alternative exp)

env cont)
fcont))
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amb [] [J [

(define (amb? exp) (eq? (car exp) ’amb))
(define (amb-choices exp) (cdr exp))

(define (eval exp env cont fcont)
(cond ...
(Camb? exp)
(eval-amb ( amb-choices exp)
env cont fcont))

)
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eval—-amb

o HUUDUUDIDUUUapply-fcont U U U fcont U
Oooo

o JOUODLDDOO
» Uo0ooogoooo

» make—ambc U UOOOOOOODOOOOOONO
gooobobbddodd fcont OO

(define (eval-amb choices env cont fcont)
(if (null? choices)
(apply-fcont fcont)
(eval (car choices) env cont
(make-ambc (cdr choices)
env cont fcont))))
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fcont [ [ [

e ambc: U UUOOUOOOOODO amb O OO OO

o initflc: UUUI = 0000000000000
> Q0o oodoodooodd

® initf2c

® revassignc
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apply-fcont

fcont DO OOOO0OOO
e ambc I IOOODOOOOOOOOOOODOO

>» 00000000000 0000 ambOOOO
@ initfic U U OO “no-more-val” 0O OO

(define (apply-fcont fcont)
(cond

((ambc? fcont)

(eval-amb
(ambc-exps fcont) (ambc-env fcont)
(ambc-cont fcont) (ambc-fcont fcont)))

((initflc? fcont)

(1ist ’no-more-val (initflc-exp fcont)))
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REPL OO O: try-again U 0O OO O

o try-again UU U = 000000000000
amb U O DOOMO
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REPL OO O: try-again U 0O OO O

o try-again UU U = 000000000000
amb U O DOOMO

o JUULDDN
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REPL OO O: try-again U 0O OO O

o try-again UU U = 000000000000
amb U O DOOMO

o JUULDDN

o JUUULULUDDODUUUUULD amb by
O fcont DOOOOOOOO!
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REPL OO O: try-again U 0O OO O

o try-again UU U = 000000000000
amb U O DOOMO

o JUUODDODO

o HUUOLODLOOODLDUOULOLDULD amb OO OUODONO
O fcont DOOOOOOOO!

(define (apply-cont cont val fcont)
(cond ((haltc? cont)
(1ist ’normal val fcont))
;; U0 dnd try-again OO OO
;; U fcont OODO!
2))
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REPL OO O (2)

(define (driver-loop)
(define (loop fcont) ;; REPL[IJ ][]
;1. 000
;; 2. 000 try-again U0 fcont U U0

;; 3. 0ugoogoon
;; 4. Doooooboboooad

(loop ...))
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REPL OO O (2)

(define (driver-loop)
(define (loop fcont) ;; REPLI ][]
;1. 0o0gg
(prompt-for-input input-prompt)
(let* ((input (read))
;5 2. 000 try-again OO fcont UUU

;; 3. 0000ooogn
;; 4. 000000O0OO0OOOOO
)

(loop ...))
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REPL OO O (2)

(define (driver-loop)

(define (loop fcont) ;; REPLO [0
;0 1. 000d
(prompt-for-input input-prompt)
(let* ((input (read))
;5 2. 000 try-again U0 fcont U U [O

(output
(if (eq? input ’try-again)
(apply-fcont fcont)

;; 3. 0000oboogn
;; 4. 0000000000000

)

(loop ...))
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REPL OO O (2)

(if (eq? intput ’try-again)
;5 3. 0000 fecontO O (dnitf1) 00000
(begin
(newline)
(display ";;; Starting a new problem")
(eval input the-global-environment
(make-haltc)
(make-initflic input))))))
;; 4. 0000boboooobooon
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REPL OO O (2)

(let* ((input (read))
(output ...))
;; 4. 000000000O00O0
(cond ((tagged-list? output ’normal)
;; 0O00O: (normal O fcont)
(announce-output output-prompt)
(user-print (cadr output))
(loop (caddr output)))
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REPL OO O (2)

((tagged-1ist? output ’no-more-val)
;; 0000 @ud): (no-more-val [)
(announce-output
"..: There are no more values of ")
(user-print (cadr output))
(loop ...))
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(loop ...00O ... 0000

e OO driver-loop OO OOOMO
e JODODOOOO
000 try-again0 0000000 (DODODOOO

oooo)oog!

U
fcont U0

e ambc: JUUUUDUDUUOOUO amb OO OONU
o initfic: UL ULU = 0000OUOOOOOOOU
e initf2c: U UULUUODOUOOOLODLDODOO

® revassignc
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apply-fcont, driver-loop U U

(define (apply-fcont fcont)

(cond
((initf2c? fcont) (list ’no-problem))
((ambc? fcont) ...)

((initfi1c? fcont) ...)
o))
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(define (driver-loop)
(define (loop fcont)
C...
(cond ...
((tagged-list? output ’no-more-val)
;;; 00000 @oo)
(loop (make-initf2c)))))
((tagged-1list? output ’no-problem)
;s gouodg
(announce-output
";;; There is no current problem")
(loop (make-initf2c)))
(loop (make-initf2c))))))
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ooty

@ eval

» 00 000o0obboogoooob 40
» 000000000000

* ’normal DO OOOOOO0O
* ’no-more-vals 0O OO
* ’no-problem

» fcont OO0 O0O0O00O00 ambO0O0O0OO

e fcont [ [ [
» ambe: O O0OOO0O00OO000 ambOO0O0OOO
» initfilc: UUUO0O = 00000000000
» initf2c: U OOO0O000O0O0OOOOOO0O

» revassignc
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Jubogubtdi: set! U amb

(let ((a 1))
(set! a (+ a (amb 100 200 300)))
a)

o JUUUOLDODLOMO
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Jubogubtdi: set! U amb

(let ((a 1))
(set! a (+ a (amb 100 200 300)))
a)

o UDDIDODDOUUL = 101
o try-again UU U U OUMN
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Jubogubtdi: set! U amb

(let ((a 1))
(set! a (+ a (amb 100 200 300)))
a)

e JOIOIDODDOO = 101
e try-again U U UUDOD = 201
@ try-again OO OO fcont O

» (ambc-exps fcont) [0 [
» (ambc-env fcont) O alOO0OO
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Jubogubtdi: set! U amb

(let ((a 1))
(set! a (+ a (amb 100 200 300)))

a)

o UDDIDODDOUUL = 101
e try-again U U O D000 = 201

@ try-again OO OO fcont O

» (ambc-exps fcont) OO => (200 300)
» (ambc-env fcont) U alUOUO0O=1

= backtrack DO OO0 aOOOODOOOODO!
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apply-cont U U U U DODOOO

(define (apply-cont cont val fcont)
(cond ...
((assignc? cont)
(let* ((var (assignc-var cont))
(env (assignc-env cont))
(oldval
(lookup-variable-value var env)))
(set-variable-value! var val env)
(apply-cont (assignc-cont cont) ’ok
;; 00O0o0O0o0oDbOo0ooOoooobon
;; U0 fcont OO
(make-revassignc
var oldval env fcont))))
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Juboggboutdboodgubd

(define (apply-fcont fcont)
(cond ...
((revassignc? fcont)
;; 00O0000DOoDOoOooOOooo
(set-variable-value!
(revassignc-var fcont)
(revassignc-old fcont)
(revassignc-env fcont))
;; 0o0ooooo
(apply-fcont (revassignc-fcont fcont)))
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HEEpN

@ eval

» 00 000o0obboogoooob 40
» U0 J0goooouoggo

* ’normal DO OOOOOO0O
* ’no-more-vals 0O OO
* ’no-problem

» fcont OO0 DO0O0OO0O0O0O0 amb OO OdQO0Qd
e fcont U U

»ambe: DO OOOOOOOOO amb OO OOOMO
» initflc: U000 = 00000000000

» initf2c: JO0O0ODO0O0O0OOOO0ODOOOO0
» revassigne: OO OO OOOOOOOOOMO
*» 00000 define O set! 0000000 O0O
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D000 amb OO0y

o 417U LDLUUOOODLODLOULOOOUDDLODOO

e 1000000000000O0O000000
(lambd2) 0000000 (DO0O0ODO)
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Jubogyno

goooobooooboobod:

@ c J haltc U apply-cont UL U UOOOOONO
00

(lambda (val fcont) (list ’normal val fcont))

oooon

= (make-haltc) OO0 lambdaO OO OOOODODO
000
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@ c ] testc?” U

(lambda (val fcont)
(if (true? val)

(eval (testc-true cont) ... fcont)
(eval (testc-false cont) ... fcont)))
OO00000

= U000 make-testc U OO OOO O
(make-testc el e2 env cont) [
(lambda (val fcont)

(if (true? val)
(eval expl env cont fcont)
(eval exp2 env cont fcont)))

oooooggo
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bbb guod

@ (make-XXXc ...) UUOUODDODO apply-cont O
0000 lambda OO OO OO

@ (apply-cont ¢ ...) OUO(c ...) O cODOOO
Oooooog

o DDLU UUUULULOOOOO
e JO00ODUUOUDDDO(MUUDO)DDDODOOOOO
oooooooo
»amb J00000O0O0OO: OOO apply-contl]
JoO0dd apply-fcont
= catch/throw 000000000 OOO
[J first-matching-catch U
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