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;1 Declare Symbols

H
(defun reset-var-counter () (setq var-counter 0))

(defun get-new-var (meta-var)
(let* {(var-symb (make-symbol (concat "v* (number-to-string var-counter))))
(var-func (list ‘lambda ()
(list rlist
(list ’'quote var-symb)))))

(progn (fset meta-var var-func)
(set meta-var var-symb)

(setg var-counter (+ var-counter 1)})))

(defun declare-const-zero (meta-var)
(let* ((const-symb (make-symbol "Z"))
(const-func (list ’lambda ()
(list "1list
(list ’quote const-symb)))))
(progn (fset meta-var const-func)
(set meta-var const-symb)))})

(defun declare-function-succ (meta-var)
(let* ((const-symb (make-symbol "S"))
(const-func (list ’lambda (list 'N)
© (list rlist
(list ‘quote const-symb)
'N))))
(progn (fset meta-var const-func)
(set meta-var const-symb))))

(defun declare-lambda (meta-var)
(let* ((const-symb (make-symbol "lm"))
(const-func (list ’'lambda (list ’'u 'M)
(list ‘list
(list ’‘quote const-symb)
’ u -
™))))
(progn (fset meta-var const-func)
(set meta-var const-symb))))
(defun declare-recursor (meta-var)
(let* ((const-symb (make-symbol "R"))
(const-func (list ‘lambda (list ‘MO 'M1 'N)
(list ’1list
(list ’quote const-symb)
‘MO
‘M1
'N))))
(progn (fset meta-var const-func)
(set meta-var const-symb))))

(defun declare-symbols ()

(progn (reset-var-counter)
(declare-const-zero '3Z)
{declare-function-succ ’'S)
(declare-lambda ’'1lm)
(declare-recursor ‘R)))

;; Parsing Terms
(defun var-case-var (M)
(car M))

(defun case-zero (M)
(eq (car M) 2Z))

(defun case-succ (M)
(eq (car M) S))

(defun arg-case-succ (M)
(car (cdr M)))

(defun case-lambda (L)
(eq (car L) lm))

(defun bvar-case-lambda (L)
(car (cdr L)))
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(defun term-case-lambda (L)
(car (cdr (cdr L))))

(defun case-recursor (M)
(egq (car M) R}))

(defun base-case-recursor (M)
(car (cdr M)))

(defun step-case-recursor (M)
(car (cdr (cdr M))))

(defun arg-case-recursor (M)
(car (cdr (cdr (cdr M)))))

H
;1 Free Variable

..
I

(defun occur-free-case-var (v M)
(eq v (var-case-var M)))

(defun occur-free-case-zero (v M)

0)

(defun occur-free-case-succ (v M)
(let ((N (arg-case-succ M)))
{(occur~free v N)))

(defun occur-free-case-lambda (v L)
(let ((u (bvar-case-lambda L))
(M1 (term-case-lambda L)))
(and (not (eg v u))
(occur-free v M1))))

(defun occur-free-case-recursor (v M)
(let ((MO (base-case-recursor M))
(L (step-case-recursor M))
(N (arg-case-recursor M)))
(or (occur-free v MO)
(occur-free-case-lambda v L)
(occur~free v N))))

(defun occur-free (v M)

(cond ((case-zero M) (occur-free-case-zero v M))
((case-succ M) (occur-free-case-succ v M))
({case-recursor M) (occur-free-case-recursor v M))
(t (occur-free-case-var v M)))) '

;; Substitution

1

(defun subst-vars-case-var (substitutions M)
(if substitutions

(let ((rep (car substitutions))

(rest (cdr substitutions)))
(if (eq (car (cdr rep)) (var-case-var M))

(car rep)
(subst~vars-case-var rest M)))

M) )

(defun subst-vars-case-zero (substitutions M)
M)

(defun subst-vars-case-succ (substitutions M)
(let ((N (arg-case-succ M)))
(let ((new-N (subst-vars substitutions N)))
(S new-N))))

(defun subst-vars-case-lambda (substitutions L)
(let ((u (bvar-case-lambda L))
(M1 (term-case-lambda L)))
{(progn (get-new-var ’'new-var)
(let ((new-u new-var)
(new-M1 (subst-vars (cons (list (new-var) u)
substitutions)
MLl))) :
(1lm new-u new-M1)))))



180

(defun subst-vars-case-recursor (substitutions M)
(let ( (MO (base-case-recursor M))
(L. (step-case-recursor M))
(N (arg-case-recursor M)))
(let ((new-MO (subst-vars substitutions M0))
(new-L (subst-vars-case-lambda substitutions L))
(new-N (subst-vars substitutions N)))
(R new-MO0 new-IL new-N))))

(defun subst-vars (substitutions M)

(cond ((case-zero M) (subst-vars-case-zero substitutions M))
({case-succ M) (subst-vars-case-succ substitutions M))
({case-recursor M) (subst-vars-case-recursor substitutions M))

(t (subst-vars-case-var substitutions M))})

(defun substitute-var (substitution M)
(subst-vars (list substitution) M))

;11 Strongly Free

)

(defun strongly-free-case-var (v M)
t)

(defun strongly-free-case-zero (v M)
t)

(defun strongly-free-case-succ (v M)
(let ((N (arg-case-succ M)))
(strongly-free v N}))

(defun strongly-free-case-lambda (v L)
(let ((u (bvar-case-lambda L))
(M1 (term-case-lambda L)))
(or (eqg v u)
(strongly-free v M1})))

(defun strongly-free-case-recursor-sf (v M)
(let ((MO (base-case-recursor M))
(L. (step-case-recursor M))
(N (arg-case-recursor M)))
(and (strongly-free v MO)
(strongly-free-case-lambda v L)
(not (occur-free v N)))))

(defun strongly-free-case~-recursor-nsf (v M)
{(not (occur-free v M)))

(defun strongly-free-case-recursor (v M)
(let* ((L (step-case-recursor M))
(u (bvar-case-lambda L))
(M1 (term-case-lambda L)))
(if (strongly-free u Ml)
(strongly-free-case-recursor-sf v M)
(strongly-free-case-recursor-nsf v M))))

(defun strongly-free (v M)

(cond ((case-zero M) (strongly-free-case-zero v M))
({case-succ M) (strongly-free-case-succ v M))
((case-recursor M) (strongly-free-case-recursor v M))
(t (strongly-free-case-var v M))}))

¥
;; Local Fusion

..
i

(defun fuse-locally-case-var (K substitutions M)
(1f substitutions
(let ((rep (car substitutions))
(rest (cdr substitutions)))
(1f (eq (car {cdr rep)) (var-case-var M))
(car rep)
(fuse-locally-case-var K rest M)))
{let* ((KO (base-case-recursor K))
(J (step-case-recursor K))
(v (bvar-case-lambda J))
(K1 (term-case-lambda J)}))
(let* ((new-KO (fuse-globally KO})
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(new-K1 (fuse-globally K1))
(new-J (lm v new-Kl)))
(R new-KO new-J M)))))

(defun fuse-locally-case-zero (K substitutions M)
(let ((KO (base-case-recursor K)))
(fuse-globally KO0)))

(defun fuse-locally-case-succ (K substitutions M)
(let* ((J (step-case-recursor K))
(u (bvar-case-lambda J)).
(K1 (term-case-lambda J))
(N (arg-case-succ M)))
(let* ((new-N (fuse-locally K substitutions N))
(new-K1 {substitute-var (list new-N u)
K1)))
(fuse-globally new-XK1))))

(defun fuse-locally-case-lambda (K substitutions L)

(let ((u (bvar-case-lambda L))

(M1 (term-case-lambda L)))

(progn (get-new-var ’‘new-var)
(let ((new-u new-var)

(new-M1l (fuse-locally K (cons (list (new-var) u)
substitutions)
M1)))
(Im new-u new-Ml)))))

(defun fuse-locally-case-recursor-sf (K substitutions M)
(let ((MO (base-case-recursor M))
(I (step-case-recursor M))
(N (arg-case-recursor M)))
(let ((new-MO (fuse-locally K substitutions MO0))
(new-L (fuse-locally-case-lambda K substitutions L)))
(R new-MO new-L N)))) :

(defun fuse-locally-case-recursor-nsf (K substitutions M)
(let* ((KO (base-case-recursor K))
(J (step-case-recursor K))
(v (bvar-case-lambda J))
(K1 (term-case-lambda J)))
(let* ((new-KO0 {(fuse-globally KO0))
(new-K1 (fuse-globally K1))
(new-J (lm v new-K1)))
(R new~K0 new-J M))))

(defun fuse-locally-case-recursor (K substitutions M)
(let* ((L (step-case-recursor M))
(u (bvar-case-lambda L))
(M1 (term-case-lambda L)))
(1f (strongly-free u M1)
(fuse-locally-case-recursor-sf K substitutions M)
(fuse-locally-case-recursor-nsf K substitutions M))))

(defun fuse-locally (K substitutions M)

(cond ((case-zero M) (fuse-locally-case-zero K substitutions M))
((case-succ M) (fuse-locally-case-succ K substitutions M))
((case-recursor M) (fuse-locally-case-recursor K substitutions M))
(t (fuse-locally-case-var K substitutions M))))

;; Global Fusion

i1

(defun fuse-globally-case-var (M)
M)

(defun fuse-globally-case-zero (M)
M)

(defun fuse-globally-case-succ (M)
(let ((N (arg-case-succ M)))
(let ((new-N (fuse-globally N)))
(S new-N))))

(defun fuse-globally-case-recursor (M)
(let ((KO (base-case-recursor M))
(J (step-case-recursor M))
(N (arg-case-~recursor M)))
(let* ((K (R KO J ()))
(new-N (fuse-globally N)))
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(fuse-locally K () new-N))))

(defun fuse-globally (M)

{cond ((case-zero M) (fuse-globally-case-zero M))
((case-succ M) (fuse-globally-case-succ M))
((case-recursor M) (fuse-globally-case-recursor M))
(t (fuse-globally-case-var M))))

:; Example

'
]

(declare-symbols)
(get-new-var ’'a)
(get-new-var ’'x)
(get-new~var 'y)
(get-new-var ’'z)
(setg L (R (S (2)) (Im z (2)) (¥)))
)) (a)))

(setg M (R (Z) {(lm x (S (S (%))
(setg KM (R (2) (lm y L) M))
KM
> (R (2) (Im v2 (R (S (2)) {(lm v3 (Z))
(v2)))
(R (Z) {Im vl (S (S (v1))))

(v0)))

(fuse-globally KM)
> (R (Z) (Im v8 (R (Z) (lm v11 (S (Z)))
(v8})))
{v0))



