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pair

(pair	a	b)

(first	pair)

(second	pair)

(define	couple	(pair	'neil	'david))

(first	couple)			;	'neil
(second	couple)		;	'david
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pair

(define	(pair	a	b)
				
)

(define	(first	pair)
				
)

(define	(second	pair)
				
)
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pair

(define	(pair	a	b)
				
)

(define	(first	pair)
				
)

(define	(second	pair)
				
)

(cons	a	(cons	b	'()))
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pair

(define	(pair	a	b)
				
)

(define	(first	pair)
				
)

(define	(second	pair)
				
)

(cons	a	(cons	b	'()))

(car	pair)
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pair

(define	(pair	a	b)
				
)

(define	(first	pair)
				
)

(define	(second	pair)
				
)

(cons	a	(cons	b	'()))

(car	pair)

(car	(cdr	pair))
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(rational	n	d)

(numer	r)

(denom	r)

(define	quarter	(rational	1	4))
(numer	quarter)	;	1
(denom	quarter)	;	4
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(define	(mul-rational	x	y)
				(rational	
								(*	(numer	x)	(numer	y))
								(*	(denom	x)	(denom	y))
				)
)

(mul-rational	(rational	3	2)	(rational	3	5))		;	(9	10)

10

file:///save/berkeley-cs61a/.scratch_2/src/slides/sp22/31-Scheme_Data_Abstraction.html?print-pdf#/9


(define	(add-rational	x	y)
				(define	nx	(numer	x))
				(define	dx	(denom	x))
				(define	ny	(numer	y))
				(define	dy	(denom	y))
				(rational
								(+	(*	nx	dy)	(*	ny	dx)	)
								(*	dx	dy)
				)
)

(add-rational	(rational	3	2)	(rational	3	5))		;	(21	10)
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(define	(print-rational	x)
				(print	(numer	x)	'/	(denom	x))
)

(print-rational	(rational	3	2)	)		;	3	/	2
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(define	(print-rational	x)
				(print	(numer	x)	'/	(denom	x))
)

(print-rational	(rational	3	2)	)		;	3	/	2

(define	(rationals-are-equal	x	y)
				(and
								(=	(*	(numer	x)	(denom	y))
											(*	(numer	y)	(denom	x))
								)
				)
)

(rationals-are-equal	(rational	3	2)	(rational	6	4)	)	#t
(rationals-are-equal	(rational	3	2)	(rational	3	2)	)	#t
(rationals-are-equal	(rational	3	2)	(rational	1	2)	)	#f
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;	Construct	a	rational	number	that	represents	N/D
(define	(rational	n	d)
				(list	n	d)			
)

;	Return	the	numerator	of	rational	number	R.
(define	(numer	r)
				(car	r)
)

;	Return	the	denominator	of	rational	number	R.
(define	(denom	r)
				(car	(cdr	r))
)
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(add-rational	(rational	3	4)	(rational	2	16)	)		;	56/64
(add-rational	(rational	3	4)	(rational	4	16)	)		;	64/64
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(add-rational	(rational	3	4)	(rational	2	16)	)		;	56/64
(add-rational	(rational	3	4)	(rational	4	16)	)		;	64/64
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(define	(gcd	a	b)
				(if	(=	b	0)
								(abs	a)
								(gcd	b	(modulo	a	b))))

(define	(rational	n	d)
								(let	((g	(if	(>	d	0)
																					(gcd	n	d)
																					(-	(gcd	n	d)))))
										(list	(/	n	g)	(/	d	g))))
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;	Return	1	+	1/2	+	1/3	+	...	+	1/N	as	a	rational	number.
(define	(nth-harmonic-number	n)
				(define	(helper	rat	k)
								(if	(=	k	(+	n	1))	rat
												(helper	(add-rational	rat	(rational	1	k))	(+	k	1))
								)
				)
				(helper	(rational	0	1)	1)
)
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(list	n	d)
(car	r) (car	(cdr	r))

(rational	n	d)
(numer	r) (denom	r)

(add-rational	x	y)
(mul-rational	x	y)
(print-rational	r)
(are-rationals-equal	x	y)

(nth-harmonic-number	n)
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(add-rational	(list	1	2)		(list	1	4))
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(add-rational	(list	1	2)		(list	1	4))
;	Doesn't	use	constructor!
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(add-rational	(list	1	2)		(list	1	4))
;	Doesn't	use	constructor!

(define	(divide-rationals	x	y)
				(define	new-n	(*	(car	x)	(car	(cdr	y))))
				(define	new-d	(*	(car	(cdr	x))	(car	y)))
				(list	new-n	new-d)
)
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(add-rational	(list	1	2)		(list	1	4))
;	Doesn't	use	constructor!

(define	(divide-rationals	x	y)
				(define	new-n	(*	(car	x)	(car	(cdr	y))))
				(define	new-d	(*	(car	(cdr	x))	(car	y)))
				(list	new-n	new-d)
)
;	Doesn't	use	constructor	or	selectors!
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rational

(define	(rational	n	d)
				(define	(choose	which)
								(if	(=	which	0)	n	d)		
				)
				choose
)

(define	(numer	r)
				(r	0)
)

(define	(denom	r)
				(r	1)
)
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;	Construct	a	rational	number	that	represents	N/D
(define	(rational	n	d)
				(pair	n	d)
)

;	Return	the	numerator	of	rational	number	R.
(define	(numer	r)
				(first	r)
)

;	Return	the	denominator	of	rational	number	R.
(define	(denom	r)
				(second	r)
)
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(tree	label	branches) label
branches

(label	t) t

(branches	t) t

(is-leaf	t) t

(define	t
				(tree	3
										(list	(tree	1	nil)
																(tree	2	(list	(tree	1	nil)	(tree	1	nil))))))

(label	t)							;	3
(branches	t)				;	((1)	(2	(1)	(1)))
(is-leaf	t)					;	#f
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(define	t
				(tree	3
										(list	(tree	1	nil)
																(tree	2	(list	(tree	1	nil)	(tree	1	nil))))))

(3	(1)	(2	(1)	(1)))

(define	(tree	label	branches)
				(cons	label	branches))
		
(define	(label	t)	(car	t))
		



(define	(branches	t)	(cdr	t))
		
(define	(is-leaf	t)	(null?	(branches	t)))
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(define	(double	tr)
				;	Returns	a	tree	identical	to	TR,	but	with	all	labels	doubled.

)

(define	tree1
								(tree	6
												(list	(tree	3	(list	(tree	1	nil)))
																				(tree	5	nil)
																				(tree	7	(list	(tree	8	nil)	(tree	9	nil))))))
																				
(expect	tree1	(6	(3	(1))	(5)	(7	(8)	(9))))
(expect	(double	tree1)	(12	(6	(2))	(10)	(14	(16)	(18))))
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(define	(double	tr)
				;	Returns	a	tree	identical	to	TR,	but	with	all	labels	doubled.
				(tree	(*	(label	tr)	2)	(map	double	(branches	tr)))
)

(define	tree1
								(tree	6
												(list	(tree	3	(list	(tree	1	nil)))
																				(tree	5	nil)
																				(tree	7	(list	(tree	8	nil)	(tree	9	nil))))))
																				
(expect	tree1	(6	(3	(1))	(5)	(7	(8)	(9))))
(expect	(double	tree1)	(12	(6	(2))	(10)	(14	(16)	(18))))
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