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2 3.3 #t + quotient
(quotient	10	2) (not	#t)

(list	'quotient	10	2)								
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2 3.3 #t + quotient
(quotient	10	2) (not	#t)

(list	'quotient	10	2)								;	(quotient	10	2)
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eval

(eval	<expression>)

(eval	(list	'quotient	10	2))		
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eval

(eval	<expression>)

(eval	(list	'quotient	10	2))		;	5
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eval

(eval	<expression>)

(eval	(list	'quotient	10	2))		;	5

(define	x	3)
'x											
(eval	'x)				
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eval

(eval	<expression>)

(eval	(list	'quotient	10	2))		;	5

(define	x	3)
'x											
(eval	'x)				

;	x
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eval

(eval	<expression>)

(eval	(list	'quotient	10	2))		;	5

(define	x	3)
'x											
(eval	'x)				

;	x
;	3

4

file:///save/berkeley-cs61a/.scratch_1/src/slides/sp22/32-Scheme_Programs_as_Data.html?print-pdf#/3


5

file:///save/berkeley-cs61a/.scratch_1/src/slides/sp22/32-Scheme_Programs_as_Data.html?print-pdf#/4


(define	(fact	n)
				(if	(=	n	0)
								1
								(*	n	(fact	(-	n	1)))))

(fact	5)		;	120
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(define	(fact	n)
				(if	(=	n	0)
								1
								(*	n	(fact	(-	n	1)))))

(fact	5)		;	120

(define	(fact-exp	n)
				(if	(=	n	0)
								1
								(list	'*	n	(fact-exp	(-	n	1)))))

(fact-exp	5)								
(eval	(fact-exp	5))	
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(define	(fact	n)
				(if	(=	n	0)
								1
								(*	n	(fact	(-	n	1)))))

(fact	5)		;	120

(define	(fact-exp	n)
				(if	(=	n	0)
								1
								(list	'*	n	(fact-exp	(-	n	1)))))

(fact-exp	5)								
(eval	(fact-exp	5))	

;	(*	5	(*	4	(*	3	(*	2	(*	1	1)))))
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(define	(fact	n)
				(if	(=	n	0)
								1
								(*	n	(fact	(-	n	1)))))

(fact	5)		;	120

(define	(fact-exp	n)
				(if	(=	n	0)
								1
								(list	'*	n	(fact-exp	(-	n	1)))))

(fact-exp	5)								
(eval	(fact-exp	5))	

;	(*	5	(*	4	(*	3	(*	2	(*	1	1)))))
;	5

6

file:///save/berkeley-cs61a/.scratch_1/src/slides/sp22/32-Scheme_Programs_as_Data.html?print-pdf#/5


(define	(virfib	n)
				(if	(<=	n	1)
								n
								(+	(virfib	(-	n	2))	(virfib	(-	n	1)))))

(virfib	6)		;	8
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(define	(virfib	n)
				(if	(<=	n	1)
								n
								(+	(virfib	(-	n	2))	(virfib	(-	n	1)))))

(virfib	6)		;	8

(define	(virfib-exp	n)
				(if	(<=	n	1)
								n
								(list	'+	(virfib-exp	(-	n	2))	(virfib-exp	(-	n	1)))))

(virfib-exp	6)								
(eval	(virfib-exp	6))	
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(define	(virfib	n)
				(if	(<=	n	1)
								n
								(+	(virfib	(-	n	2))	(virfib	(-	n	1)))))

(virfib	6)		;	8

(define	(virfib-exp	n)
				(if	(<=	n	1)
								n
								(list	'+	(virfib-exp	(-	n	2))	(virfib-exp	(-	n	1)))))

(virfib-exp	6)								
(eval	(virfib-exp	6))	

;	(+	(+	(+	0	1)	(+	1	(+	0	1)))	(+	(+	1	(+	0	1))	(+	(+	0	1)	(+	1	(+	0	1)))))

7

file:///save/berkeley-cs61a/.scratch_1/src/slides/sp22/32-Scheme_Programs_as_Data.html?print-pdf#/6


(define	(virfib	n)
				(if	(<=	n	1)
								n
								(+	(virfib	(-	n	2))	(virfib	(-	n	1)))))

(virfib	6)		;	8

(define	(virfib-exp	n)
				(if	(<=	n	1)
								n
								(list	'+	(virfib-exp	(-	n	2))	(virfib-exp	(-	n	1)))))

(virfib-exp	6)								
(eval	(virfib-exp	6))	

;	(+	(+	(+	0	1)	(+	1	(+	0	1)))	(+	(+	1	(+	0	1))	(+	(+	0	1)	(+	1	(+	0	1)))))
;	8
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'(a	b) → (a	b)

`(a	b) → (a	b)

,

(define	b	4)

'(a	,(+	b	1)) → (a	(unquote	(+	b	1))

`(a	,(+	b	1)) → (a	5)
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(define	(make-adder	n)	`(lambda	(d)	(+	d	,n)))

(make-adder	2)								
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(define	(make-adder	n)	`(lambda	(d)	(+	d	,n)))

(make-adder	2)								;	(lambda	(d)	(+	d	2))
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(define	(make-adder	n)	`(lambda	(d)	(+	d	,n)))

(make-adder	2)								;	(lambda	(d)	(+	d	2))

(define	new-func	(make-adder	2))

new-func									;	(lambda	(d)	(+	d	2))
(list?	new-func)	
(car	new-func)			
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(define	(make-adder	n)	`(lambda	(d)	(+	d	,n)))

(make-adder	2)								;	(lambda	(d)	(+	d	2))

(define	new-func	(make-adder	2))

new-func									;	(lambda	(d)	(+	d	2))
(list?	new-func)	
(car	new-func)			

;	#t
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(define	(make-adder	n)	`(lambda	(d)	(+	d	,n)))

(make-adder	2)								;	(lambda	(d)	(+	d	2))

(define	new-func	(make-adder	2))

new-func									;	(lambda	(d)	(+	d	2))
(list?	new-func)	
(car	new-func)			

;	#t
;	lambda

10

file:///save/berkeley-cs61a/.scratch_1/src/slides/sp22/32-Scheme_Programs_as_Data.html?print-pdf#/9


x	=	2
total	=	0
while	x	<	10:
				total	=	total	+	x	*	x
				x	=	x	+	2
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x	=	2
total	=	0
while	x	<	10:
				total	=	total	+	x	*	x
				x	=	x	+	2

(begin	(define	(loop	x	total)
				(if	(<	x	10)
								(loop	(+	x	2)	(+	total	(*	x	x)))
								total))
		(loop	2	0))
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x	=	2
total	=	0
while	x	<	10:
				total	=	total	+	x	*	x
				x	=	x	+	2

(begin	(define	(loop	x	total)
				(if	(<	x	10)
								(loop	(+	x	2)	(+	total	(*	x	x)))
								total))
		(loop	2	0))
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x	=	2
total	=	0
while	x	<	10:
				total	=	total	+	x	*	x
				x	=	x	+	2

(begin	(define	(loop	x	total)
				(if	(<	x	10)
								(loop	(+	x	2)	(+	total	(*	x	x)))
								total))
		(loop	2	0))

x	=	1
total	=	0
while	x	*		x	<	50:
				total	=	total	+	x
				x	=	x	+	1
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x	=	2
total	=	0
while	x	<	10:
				total	=	total	+	x	*	x
				x	=	x	+	2

(begin	(define	(loop	x	total)
				(if	(<	x	10)
								(loop	(+	x	2)	(+	total	(*	x	x)))
								total))
		(loop	2	0))

x	=	1
total	=	0
while	x	*		x	<	50:
				total	=	total	+	x
				x	=	x	+	1

(begin	(define	(loop	x	total)
				(if	(<	(*	x	x)	50)
								(loop	(+	x	1)	(+	total	x))
								total))
		(loop	1	0))
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(define	(sum-while	initial-x	condition	add-to-total	update-x)
				
)

(sum-while	1	'(<	(*	x	x)	50)	'x	'(+	x	1))

(begin	(define	(loop	x	total)
				(if	(<	(*	x	x)	50)
								(loop	(+	x	1)	(+	total	x))
								total))
				(loop	1	0))
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(define	(sum-while	initial-x	condition	add-to-total	update-x)
				`(begin	(define	(loop	x	total)
								(if	,condition
												(loop	,update-x	(+	total	,add-to-total	))
												total))
				(loop	,initial-x	0))
)

(sum-while	1	'(<	(*	x	x)	50)	'x	'(+	x	1))
;	(begin	(define	(loop	x	total)	(if	(<	(*	x	x)	50)	(loop	(+	x	1)	(+	total	x))	total))	(loop	1	0))

(eval	(sum-while	1	'(<	(*	x	x)	50)	'x	'(+	x	1)))	;	28

(eval	(sum-while	2	'(<	x	10)	'(*	x	x)	'(+	x	2)))	;	120
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apply

(apply	<procedure>	<arguments>)

(apply	+	'(1	2	3	))

(define	(sum	s)	(apply	+	s))

(sum	'(1	2	3))
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(define	(call-func	func-expression	func-args)
				(apply	(eval	func-expression)	func-args)
)

(call-func	'(lambda	(a	b)	(+	a	b))	'(3	4))		

16

file:///save/berkeley-cs61a/.scratch_1/src/slides/sp22/32-Scheme_Programs_as_Data.html?print-pdf#/15


(define	(call-func	func-expression	func-args)
				(apply	(eval	func-expression)	func-args)
)

(call-func	'(lambda	(a	b)	(+	a	b))	'(3	4))		;	7
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