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v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e

if true et ef → et      [if-t]
if false et ef → ef     [if-f]
op v → ᶖ(op, v)        [ᶖ]
(λx.e) v → [x ← v]b    [βv]



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e



(((λxy.(+ y (* x 2)))
  (* 3 2))
 (+ 1 4))

(((λxy.(+ y (* x 2)))
  (* 3 2))
 5)

(((λxy.(+ y (* x 2)))
  6)
 (+ 1 4))

(((λxy.(+ y (* x 2)))
  6) 5)

((λy.(+ y (* 6 2))) 5)

(+ 5 (* 6 2))
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v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e

(((λx.if (not x) succ (add x)) true) 3) → 
((if (not true) succ (add true)) 3) → 
((if false succ (add true)) 3) → 
((add true) 3)



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e

((λx.x x) (λx.x x)) → 
((λx.x x) (λx.x x)) → 
((λx.x x) (λx.x x)) → … 



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e

C ::= [ ] | if C e e | if e C e | if e e C | C e | e C

C[if true et ef] → C[et]      [if-t]
C[if false et ef]→ C[ef]      [if-f]
C[op v] → C[ᶖ(op, v)]        [ᶖ]
C[(λx.e) v] → C[[x ← v]b]    [βv]



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e

C ::= [ ] | if C e e | if e C e | if e e C | C e | e C

E ::= [ ] | if E e e | E e | v E

E[if true et ef] → E[et]        [if-t]
E[if false et ef]→ E[ef]        [if-f]
E[op v] → E[ᶖ(op, v)]          [ᶖ]
E[(λx.e) v] → E[[x ← v]b]      [βv]



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e

C ::= [ ] | if C e e | if e C e | if e e C | C e | e C

E ::= [ ] | if E e e | E e | v E

E[if true et ef] → E[et]        [if-t]
E[if false et ef]→ E[ef]        [if-f]
E[op v] → E[ᶖ(op, v)]          [ᶖ]
E[(λx.e) v] → E[[x ← v]b]      [βv]
E[let/cc k e] → E[[k ← λk.E]e]  [let/cc]
E[(λk.E’) v] → E’[v]            [cont]



(let/cc k (not (iszero (succ (k 3))))) → 

(not (iszero (succ ((λk.[]) 3)))) → 

3



Typing Examples



(+ 1 (* 2 3))



(+ 1 (* 2 false))



(if (not true) 3 7)



(if (succ 0) 3 7)



(if false empty 7)



(if (empty? x)
    x
    (cons 5 empty))



(fun (x)
  (if x
      succ
      (+ x)))



(cons 1 (cons 2 empty))



(cons 1 (cons true empty))



(fun (f g x)
  (cons (f x)
    (cons (g x) empty)



(pair 1 2)



(pair 1 false)



(pair empty false)



(if …
   (pair empty (cons 1 empty))
   (pair (cons 3 empty) empty))



(if …
   (pair empty (cons 1 empty))
   (pair (cons true empty) empty))



((fix (fun (f g a b)
   (cons a
     (if (empty? b)
         empty
         (f g (f a (first b))
              (rest b))))))
 mult 1)



(fun (f g x)
  (pair (f (g x))
        ((f g) x)))



v ::= n | true | false | op | λx.e               e ::= v | if e e e | x | e e | let x = e in e
t ::= num | bool | t → t | [ t ] | t x t


