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(define	f	(lambda	(x)	(+	x	y)))
(define	g	(lambda	(x	y)	(f	(+	x	x))))
(g	3	7)

Global	frame

f → λ	(x)

g → λ	(x,	y)

f1:	g	[parent=Global]

x 3

y 7

f2:	f	[parent=Global]

x 6
4
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mu

(define	f	(mu	(x)	(+	x	y)))
(define	g	(lambda	(x	y)	(f	(+	x	x))))
(g	3	7)

Global	frame

f → μ	(x)

g → λ	(x,	y)

f1:	g	[parent=Global]

x 3

y 7

f2:	f	[parent=f1]

x 6 5
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def	factorial(n,	k):
				while	n	>	0:
								n	=	n	-1
								k	=	k	*	n
				return	k

def	factorial(n,	k):
				if	n	==	0:
								return	k
				else:
								return	factorial(n-1,	k*n)
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fact(3,	1) fact(3,	1)

fact(2,	3)

fact(3,	1)

fact(2,	3)

fact(1,	6)

fact(0,	6) 6

fact(3,	1)

fact(2,	3)

fact(1,	6) 6

fact(3,	1)

fact(2,	3) 6

fact(3,	1) 6

Global Global Global Global Global Global Global Global Global

Time

def	factorial(n,	k):
				if	n	==	0:
								return	k
				else:
								return	factorial(n-1,	k*n)
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(fact	3	1) (fact	2	3) (fact	1	6) (fact	0	6) 6

Global Global Global Global Global Global Global

Time

(define	(factorial	n	k)
				(if	(=	n	0)
								k
								(factorial	(-	n	1)	(*	k	n))))
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lambda
if

cond
and or begin

let

(define	(factorial	n	k)
				(if	(=	n	0)
								k
								(factorial	(-	n	1)	(*	k	n))))
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(define	(length	s)
				(if	(null?	s)	0
				(+	1	(length	(cdr	s))	)	)
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(define	(length	s)
				(if	(null?	s)	0
				(+	1	(length	(cdr	s))	)	)

(define	(length-tail	s)
				(define	(length-iter	s	n)
								(if	(null?	s)	n
								(length-iter	(cdr	s)	(+	1	n))	)	)
				(length-iter	s	0)	)
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;;	Compute	the	length	of	s.
(define	(length	s)
				(+	1	(if	(null?	s)
								-1
								(length	(cdr	s)))	)	)

;;	Return	whether	s	contains	v.
(define	(contains	s	v)
				(if	(null?	s)
				false
				(if	(=	v	(car	s))
								true
								(contains	(cdr	s)	v))))
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;;	Compute	the	length	of	s.
(define	(length	s)
				(+	1	(if	(null?	s)
								-1
								(length	(cdr	s)))	)	)

❌ if

;;	Return	whether	s	contains	v.
(define	(contains	s	v)
				(if	(null?	s)
				false
				(if	(=	v	(car	s))
								true
								(contains	(cdr	s)	v))))
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;;	Compute	the	length	of	s.
(define	(length	s)
				(+	1	(if	(null?	s)
								-1
								(length	(cdr	s)))	)	)

❌ if

;;	Return	whether	s	contains	v.
(define	(contains	s	v)
				(if	(null?	s)
				false
				(if	(=	v	(car	s))
								true
								(contains	(cdr	s)	v))))

✅ contains if
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;;	Return	whether	s	has	any	repeated	elements.
(define	(has-repeat	s)
				(if	(null?	s)
				false
				(if	(contains?	(cdr	s)	(car	s))
								true
								(has-repeat	(cdr	s)))	)	)

;;	Return	the	nth	Fibonacci	number.
(define	(fib	n)
				(define	(fib-iter	current	k)
								(if	(=	k	n)
												current
												(fib-iter	(+	current
																								(fib	(-	k	1)))
																						(+	k	1))	)	)
				(if	(=	1	n)	0	(fib-iter	1	2)))
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;;	Return	whether	s	has	any	repeated	elements.
(define	(has-repeat	s)
				(if	(null?	s)
				false
				(if	(contains?	(cdr	s)	(car	s))
								true
								(has-repeat	(cdr	s)))	)	)

✅ has-repeat

;;	Return	the	nth	Fibonacci	number.
(define	(fib	n)
				(define	(fib-iter	current	k)
								(if	(=	k	n)
												current
												(fib-iter	(+	current
																								(fib	(-	k	1)))
																						(+	k	1))	)	)
				(if	(=	1	n)	0	(fib-iter	1	2)))

❌ fib
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(reduce	*	'(3	4	5)	2)	120
(reduce	(lambda	(x	y)	(cons	y	x))	'(3	4	5)	'(2))	(5	4	3	2)
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(map	(lambda	(x)	(-	5	x))	(list	1	2))
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(map	(lambda	(x)	(-	5	x))	(list	1	2))

(define	(map	procedure	s)
				(if	(null?	s)
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								(cons	(procedure	(car	s))
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(map	(lambda	(x)	(-	5	x))	(list	1	2))

(define	(map	procedure	s)
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												(map	procedure	(cdr	s)))	)	)

❌ map

16

file:///save/berkeley-cs61a/.scratch_6/src/slides/sp22/29-Scopes_+_Tail_Calls.html?print-pdf#/15


(define	(map	procedure	s)
				(define	(map-reverse	s	m)
				(if	(null?	s)
								m
								(map-reverse	(cdr	s)	(cons	(procedure	(car	s))	m))))
				(reverse	(map-reverse	s	nil)))

(define	(reverse	s)
				(define	(reverse-iter	s	r)
				(if	(null?	s)
								r
								(reverse-iter	(cdr	s)	(cons	(car	s)	r))))
				(reverse-iter	s	nil))

(map	(lambda	(x)	(-	5	x))	(list	1	2))
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thunk1	=	lambda:	2	*	(3	+	4)
thunk2	=	lambda:	add(2,	4)

thunk1()
thunk2()
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def	trampoline(f,	*args):
				v	=	f(*args)
				while	callable(v):
								v	=	v()
				return	v

def	factorial_thunked(n,	k):
				if	n	==	0:
								return	k
				else:
								return	lambda:	factorial_thunked(n	-	1,	k	*	n)

trampoline(factorial_thunked,	3,	1)
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