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v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee
v v

ec | true e v

(if ec e ef) Y v

e. | false er v
(if ec e ef) Y v

es | op eq I Vg d(op,v,) = v
(ef €a) Y v

er || (Az.ep) eq I Vg ep[T — vo| Y v

(er €d) 4 v

(VAL)

(IF-TRUE)

(IF-FALSE)

(9)

(B)



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

(Az.z z) || (A\z.z x) (Az.z z) | (A\z.x z) (\z.z ) (A:z::v z)) ...
(Az.z z) Azzx)) ...

d(iszero, 3) = false d(add, 3) | (3+)

iszero 3 | false add 3 | (3+)
(Az.if ...) |- 313 if (iszero 3) succ (add 3) | (3+)
(Oif ..) 3) U (3+) 404 5((34),4) =7

(((Az.if (iszero z) succ (add z)) 3) 4) | 7



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

1f true e e - e [1f-t]
1f false e e - e [1f-f]
op V — 6(Opr V) [6]

(Ax.e) v - [x — v]Db [B,]



v :=n|true | false | op | Ax.e

ef—>e}

ef ea—>e} €q

e, — €l

ef e —> ef el

e. — e,

if e. e, ef = if e e, e

e, — e}

if ece; ef > if e. €] ey

ef—>e}

if e. e, ef — if e. e e}

e — e

Az.e = d\z.€e

e:=v]|ifeee|x|ee

(APP-F)

(APP-A)

(1F-C)

(1F-T)

(IF-F)



(((Axy. (+ y (* x 2)))

* 3 2)) \
1 4
/ ) (((AXy. (+ y (* x 2)))

(((Axy. (+ y (* x 2))) 6)
(* 3 2)) /(+14))
5)
\(((Axy.uy (* x 2)))
6) 5) x

((Ay. (+ y (* 6 2))) 3)

~

(+ 5 (* 6 2))



v :=n|true | false | op | Ax.e

ef—>e}

ef ea—>89r €q

e, — €l

V“ea—\;“e;

e. — e,

if e. e, ef = if e e, e

€t

if e. e; ef

ef 4
if e. e; ef €c €t e’f

€

Az.€

/

ec € ef

.€

e:=v]|ifeee|x|ee

(APP-F)

(APP-A)

(1IF-C)

(IF-T)

(IF-F)



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

6(+,2) = (24)
(+2) = (2+)
(+23)—((2+) 3)
((Az.if (iszero z) succ (add z)) (+ 2 3)) — ((Az.if (iszero z) succ (add z)) ((2+) 3))

(((Az.if (iszero z) succ (add z)) (+ 2 3)) 4) = (((Az.if (iszero z) succ (add z)) ((2+) 3)) 4)



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

5((2+),3) =5
(2+)3) =5
((Az.if (iszero z) succ (add z)) ((2+) 3)) — ((Az.if (iszero z) succ (add z)) 5)

((Az.if (iszero z) succ (add z)) ((2+) 3)) 4) — (((Az.if (iszero z) succ (add z)) 5) 4)



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

((Az.if (iszero z) succ (add z)) 5) — (if (iszero 5) succ (add 5))

(((Az.if (iszero z) succ (add z)) 5) 4) — ((if (iszero 5) succ (add 5)) 4)

d(iszero, 5) = false
(iszero 5) — false
(if (iszero 5) succ (add 5)) — (if false succ (add 5))
((if (iszero 5) succ (add 5)) 4) — ((if false succ (add 5)) 4)

(if false succ (add 5)) — (add 5)
((if false succ (add 5)) 4) — ((add 5) 4)




v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

(((Ax.1if (not x) succ (add x)) true) 3) -
((1f (not true) succ (add true)) 3) -
((1£f false succ (add true)) 3) -

((add true) 3)



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

((Ax.x x) (Ax.x X)) -
((Ax.x x) (Ax.x X)) -
((Ax.x x) (Ax.x X)) —> ..



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

C:=[]|ifCeel|ifeCel|ifeeC|Cel|eC

C[if true e, ef] — C[et] [1f-t]
C[1f false e, ef]—> C[ef] [1f£-£f]
Clop v] - C[d(op, V)] [O]

Cl(ax.e) v] - C[[x ~ v]Db] [B,]



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

C:=[]|ifCeel|ifeCel|ifeeC|Cel|eC

E:=[]|fEee|Ee]|VE

E[1f true e, ef] — E[et] [1f-t]
E[1f false e, ef]—> E[ef] [1f-£f]
E[op v] - E[d(op, V)] [4]

E[ (Ax.e) v] — E[[x — v]b] [B,]



v :=n|true | false | op | Ax.e e:=v]|ifeee|x|ee

C:=[]|ifCeel|ifeCel|ifeeC|Cel|eC

E:=[]|fEee|Ee]|VE

E[1f true e, ef] — E[et] [1£-t]
E[1f false e, ef]—> E[ef] [1f-f]
E[op v] - E[d(op, V)] [4]
E[(Ax.e) v] - E[[x « v]b] [B,]

E[let/cc k e] - E[[k ~ A .E]le] [let/cc]
E[(}xk.E’) v] - E’ [v] [cont]



(let/cec k (not (iszero (succ (k 3))))) -

(not (iszero (succ ((Ak.[]) 3)))) -



Typing Examples



(+ 1 (* 2 3))



(+ 1 (* 2 false))



(Lf (not true) 3 7)



(Lf (succ 0) 3 7)



(Lf false empty 7)



(1f (empty? x)
X

(cons 5 empty))



(fun (x)
(1f 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)



(1£ ..
(pair empty (cons 1 empty))
(pair (cons 3 empty) empty))



(1£ ..
(pair empty (cons 1 empty))
(pair (cons true empty) empty))



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



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



v :=n|true | false | op | Ax.e e:=v|ifeee|x|ee|letx=¢eine
t:=num|bool|[t—t|[t]|txt

'ktz:I'(x) (VAR)
't n:num (NUM)

' e, : bool ke :T 'kef:m

IF
'k (feceref): T (1F)
'ke:ry Fx:mp.bey:T
. (LET)
CH(letz=einey): T
z:m,Fe:
T, e T )
' (Az:71g.€) 7 =T
F'kherimqg—=T I'keg:T, (APP)

L'k (efeq): T



