
∗

==

∗

booleano
listo

member x
ls ls car x

> (member 'x '(a x c))
'(x c)
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https://github.com/jasonhemann/constraint-microKanren


membero
member

(define-relation (membero x ls o)
(fresh (a d)

(== `(,a . ,d) ls)
(conde
((== x a) (== ls o))
((membero x d o)))))

a d ls

x a ls o
(membero x d o)

(== `(,a . ,d) ls)
ls run run*

membero
run*

> (run* (q) (membero 'x '(a x c) q))
'((x c))

membero ==

membero member
car

> (run* (q) (membero 'x '(a x x) q))
'((x x) (x))

conda condu
assert retract

run 1 run

run

=/=
dif/2

membero

(define-relation (membero x ls o)
(fresh (a d)
(== `(,a . ,d) ls)
(conde
((== x a) (== ls o))
((=/= x a) (membero x d o)))))

> (run* (q) (membero 'x '(a x x) q))
'((x x))

run*
y

x z (x x)
x z (x)

_.0
(=/= ((_.0 x)))

y
x

> (run* (q)
(fresh (y z)
(== q `(,y ,z))
(membero 'x `(a ,y x) z)))

'((x (x x))
((_.0 (x)) (=/= ((_.0 x)))))

absento
absento x y

x y =/=

=/= y
x absento

symbolo
numbero not-pairo

()



cons

==

occurs?

invalid?

make-call/initial-state

(define-syntax-rule (make-call/initial-state cid ...)
(define S0 (make-immutable-hasheqv '((==) (cid) ...))))

make-call/initial-state
==

make-
call/initial-state

make-constraint-goal-constructor
make-

constraint-goal-constructor

(define (((make-constraint-goal-constructor key) . terms) S/c)
(let ((S (ext-S (car S/c) key terms)))
(if (invalid? S) '() (list `(,S . ,(cdr S/c))))))

ext-S invalid?

make-constraint-
goal-constructor

> (define == (make-constraint-goal-constructor '==))
> (define =/= (make-constraint-goal-constructor '=/=))
> (define symbolo (make-constraint-goal-constructor 'symbolo))
> (define absento (make-constraint-goal-constructor 'absento))
...

ext-S

cons

(define (ext-S S key terms)
(hash-update S key ((curry cons) (apply list* terms))))

invalid?
make-invalid? invalid?

==

make-invalid? make-invalid?

(define-syntax-rule (make-invalid? (cid ...) p ...)
(λ (S)
(let ((cid (hash-ref S 'cid)) ...)
(cond

((valid-== (hash-ref S '==))
=> (λ (s) (or (p s) ...)))
(else #t)))))

==

make-call/initial-state

make-constraint-system
make-

invalid? invalid?

syntax-parse
syntax-local-introduce



(define-syntax (make-constraint-system stx)
(syntax-parse stx

[(_ (cid:id ...) p ...)
(with-syntax
([invalid? (syntax-local-introduce #'invalid?)]
[S0 (syntax-local-introduce #'S0)]
[== (syntax-local-introduce #'==)])
#'(begin

(define invalid? (make-invalid? (cid ...) p ...))
(define S0
(make-immutable-hasheqv '((==) (cid) ...)))

(define == (make-constraint-goal-constructor '==))
(define cid (make-constraint-goal-constructor 'cid))
...))]))

==
valid-==

unify

(define (valid-== ==)
(foldr

(λ (pr s)
(and s (unify (car pr) (cdr pr) s)))

'()
==))

==

make-constraint-
system

> (make-constraint-system
())

==
=/= absento symbolo not-pairo

=/=

=/=
=/=

> (make-constraint-system
(=/= absento symbolo not-pairo)
(λ (s)
(ormap
(λ (pr) (same-s? (car pr) (cdr pr) s))
=/=))

...)

same-s?

same-s?

unify

#| Term ⨯ Term ⨯ Subst ⟶ Bool |#
(define (same-s? u v s) (equal? (unify u v s) s))

absento
mem?

absento

> (make-constraint-system
(=/= absento symbolo not-pairo)
...
(λ (s)
(ormap

(λ (pr) (mem? (car pr) (cdr pr) s))
absento))

...)

mem? u
v s

same-s? u v
s

#| Term ⨯ Term ⨯ Subst ⟶ Bool |#
(define (mem? u v s)

(let ((v (walk v s)))
(or (same-s? u v s)

(and (pair? v)
(or (mem? u (car v) s)

(mem? u (cdr v) s))))))

symbolo
symbolo

walk

> (make-constraint-system
(=/= absento symbolo not-pairo)
...
(λ (s)
(ormap

(λ (y)
(let ((t (walk y s)))
(not (or (symbol? t) (var? t)))))

symbolo))
...)

not-pairo
not-pairo

> (make-constraint-system
(=/= absento symbolo not-pairo)
...
(λ (s)
(ormap

(λ (n)
(let ((t (walk n s)))
(not (or (not (pair? t)) (var? t)))))

not-pairo)))



#hasheqv(...)

=/= (=/= . ((c . 0) (0 . b)))
(c . 0) (0 . b) =/=

> (call/initial-state 1
(call/fresh
(lambda (x)
(conj

(== 'a x)
(conj
(=/= x 'b)
(conj
(absento 'b `(,x))
(conj

(not-pairo x)
(conj
(symbolo x)
(=/= 'c x)))))))))

'((#hasheqv((== . ((a . 0)))
(=/= . ((c . 0) (0 . b)))
(absento . ((b 0)))
(symbolo . (0))
(not-pairo . (0)))

.
1))

booleano
listo

val-ofo

(define-relation (val-ofo e env o)
(conde

((symbolo e) (lookupo e env o))
((booleano e) (== e o) (listo env))
...))

e o
lookupo

listo

(define-relation (lookupo x ls o)
(fresh (aa da d)
(== ls `((,aa . ,da) . ,d))
(conde
((== aa x) (== da o) (listo d))
((=/= aa x) (lookupo x d o)))))

listo
lookupo

val-ofo
booleano #t

#f
#t #f

booleano

booleano

#t
#f

booleano
booleano

symbolo

> (make-constraint-system
(=/= absento symbolo not-pairo booleano)
...
(let ((not-b

(λ (s)
(or (ormap

(λ (pr) (same-s? (car pr) (cdr pr) s))
=/=)

(ormap
(λ (pr) (mem? (car pr) (cdr pr) s))
absento)))))

(λ (s)
(ormap
(λ (b)
(let ((s1 (unify b #t s)) (s2 (unify b #t s)))

(and s1 s2 (not-b s1) (not-b s2))))
booleano)))

(λ (s)
(ormap

(λ (b)
(let ((b (walk b s)))
(not (or (var? b) (boolean? b)))))

booleano))
(λ (s)
(ormap
(λ (b)
(ormap
(λ (y) (same-s? y b s))
symbolo))

booleano)))

> (call/initial-state 1
(call/fresh
(lambda (x)

(conj (=/= #f x) (conj (=/= #t x) (booleano x))))))
'()

listo

listo booleano



listo

walk-to-end cdr
x s cdr

x s
listo

#| Term ⨯ Subst ⟶ Bool |#
(define (walk-to-end x s)
(let ((x (walk x s)))

(if (pair? x) (walk-to-end (cdr x) s) x)))

> (make-constraint-system
(=/= absento symbolo not-pairo booleano listo)
...
(λ (s)
(ormap
(λ (l)

(let ((end (walk-to-end l s)))
(ormap
(λ (y) (same-s? y end s))
symbolo)))

listo))
(λ (s)
(ormap
(λ (l)

(let ((end (walk-to-end l s)))
(ormap
(λ (b) (same-s? b end s))
booleano)))

listo))
(λ (s)
(ormap
(λ (l)

(let ((end (walk-to-end l s)))
(let ((s^ (unify end '() s)))
(and s^

(ormap
(λ (n) (same-s? end n s))
not-pairo)

(or
(ormap

(λ (pr) (same-s? (car pr) (cdr pr) s^))
=/=)

(ormap
(λ (pr) (mem? (car pr) (cdr pr) s^))
absento))))))

listo))
(λ (s)
(ormap
(λ (l)

(let ((end (walk-to-end l s)))
(ormap
(λ (pr)

(and
(null? (walk (car pr) s))
(mem? end (cdr pr) s)))

absento)))
listo))

...)

end
end () not-pairo

end =/= absento
end ()

> (call/initial-state 1
(call/fresh
(lambda (x)

(conj
(listo x)
(conj
(not-pairo x)
(disj

(=/= '() x)
(absento x '())))))))

'()

listo end
absento ()

end
()

end

> (call/initial-state 1
(call/fresh
(lambda (x)

(conj
(listo x)
(absento '() x)))))

'()



invalid?

http://www.infoq.com/presentations/Core-logic-SQL-ORM

α

http://www.cs.indiana.edu/~webyrd

http://kanren.
sourceforge.net/

http://www.youtube.com/watch?v=09zlcS49zL0

µ
http:

//schemeworkshop.org/2013/papers/HemannMuKanren2013.pdf

http://www.infoq.com/presentations/Core-logic-SQL-ORM
http://www.cs.indiana.edu/~webyrd
http://kanren.sourceforge.net/
http://kanren.sourceforge.net/
http://www.youtube.com/watch?v=09zlcS49zL0
http://schemeworkshop.org/2013/papers/HemannMuKanren2013.pdf
http://schemeworkshop.org/2013/papers/HemannMuKanren2013.pdf


http://doi.acm.org/10.1145/41625.41635

R

http://okmij.org/ftp/Scheme/misc.html#sokuza-kanren

https://github.com/webyrd/
miniKanren-with-symbolic-constraints

α TAP

http://www.infoq.
com/presentations/core-logic

#| Nat ⟶ Var |#
(define (var n) n)
#| Term ⟶ Bool |#
(define (var? n) (number? n))
#| Var ⨯ Term ⨯ Subst ⟶ Bool |#
(define (occurs? x v s)

(let ((v (walk v s)))
(cond
((var? v) (eqv? x v))
((pair? v) (or (occurs? x (car v) s)

(occurs? x (cdr v) s)))
(else #f))))

#| Var ⨯ Term ⨯ Subst ⟶ Maybe Subst |#
(define (ext-s x v s)

(cond
((occurs? x v s) #f)
(else `((,x . ,v) . ,s))))

#| Term ⨯ Subst ⟶ Term |#
(define (walk u s)

(let ((pr (assv u s)))
(if pr (walk (cdr pr) s) u)))

#| Term ⨯ Term ⨯ Subst ⟶ Maybe Subst |#
(define (unify u v s)

(let ((u (walk u s)) (v (walk v s)))
(cond
((eqv? u v) s)
((var? u) (ext-s u v s))
((var? v) (ext-s v u s))
((and (pair? u) (pair? v))
(let ((s (unify (car u) (car v) s)))
(and s (unify (cdr u) (cdr v) s))))

(else #f))))
#| (Var ⟶ Goal) ⟶ State ⟶ Stream |#
(define ((call/fresh f) S/c)

(let ((S (car S/c)) (c (cdr S/c)))
((f (var c)) `(,S . ,(+ 1 c)))))

#| Stream ⟶ Stream ⟶ Stream |#
(define ($append $1 $2)

(cond
((null? $1) $2)
((promise? $1) (delay/name ($append $2 (force $1))))
(else (cons (car $1) ($append (cdr $1) $2)))))

#| Goal ⟶ Stream ⟶ Stream |#
(define ($append-map g $)

(cond
((null? $) `())
((promise? $) (delay/name ($append-map g (force $))))
(else ($append (g (car $)) ($append-map g (cdr $))))))

#| Goal ⟶ Goal ⟶ Goal |#
(define ((disj g1 g2) S/c) ($append (g1 S/c) (g2 S/c)))
#| Goal ⟶ Goal ⟶ Goal |#
(define ((conj g1 g2) S/c) ($append-map g2 (g1 S/c)))
#| Stream ⟶ Mature Stream |#
(define (pull $) (if (promise? $) (pull (force $)) $))
#| Maybe Nat⁺ ⨯ Mature ⟶ List State |#
(define (take n $)

(cond
((null? $) '())
((and n (zero? (- n 1))) (list (car (pull $))))
(else (cons (car $)

(take (and n (- n 1)) (pull (cdr $)))))))
#| Maybe Nat⁺ ⨯ Goal ⟶ List State |#
(define (call/initial-state n g)

(take n (pull (g `(,S0 . 0)))))
(define-syntax-rule (define-relation (rid . args) g)

(define ((rid . args) S/c) (delay/name (g S/c))))

http://doi.acm.org/10.1145/41625.41635
http://okmij.org/ftp/Scheme/misc.html#sokuza-kanren
https://github.com/webyrd/miniKanren-with-symbolic-constraints
https://github.com/webyrd/miniKanren-with-symbolic-constraints
http://www.infoq.com/presentations/core-logic
http://www.infoq.com/presentations/core-logic
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