
1

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/
file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#


2

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/1


3

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/2


4

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/3


4

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/3


5

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/4


6

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/5


7

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/6


8

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/7


9

file:///save/berkeley-cs61a/.scratch_5/src/slides/sp22/17-Trees.html?print-pdf#/8


t	=	Tree(3,	[
												Tree(1),
												Tree(2,	[
																				Tree(1),
																				Tree(1)
																				])
												])	
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label

branches

is_leaf

t	=	Tree(3,	[
												Tree(1),
												Tree(2,	[
																				Tree(1),
																				Tree(1)
																				])
												])

t.label																		
t.is_leaf()														



t.branches[0].is_leaf()		
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label

branches

is_leaf

t	=	Tree(3,	[
												Tree(1),
												Tree(2,	[
																				Tree(1),
																				Tree(1)
																				])
												])

t.label																		
t.is_leaf()														

#	3



t.branches[0].is_leaf()		
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label

branches

is_leaf

t	=	Tree(3,	[
												Tree(1),
												Tree(2,	[
																				Tree(1),
																				Tree(1)
																				])
												])

t.label																		
t.is_leaf()														

#	3
#	False



t.branches[0].is_leaf()		
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label

branches

is_leaf

t	=	Tree(3,	[
												Tree(1),
												Tree(2,	[
																				Tree(1),
																				Tree(1)
																				])
												])

t.label																		
t.is_leaf()														

#	3
#	False



t.branches[0].is_leaf()		#	True
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Tree

t	=	Tree(3,	[Tree(1),	Tree(2,	[Tree(1),	Tree(1)])])

t.label																		#	3
t.is_leaf()														#	False
t.branches[0].is_leaf()		#	True
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Tree

t	=	Tree(3,	[Tree(1),	Tree(2,	[Tree(1),	Tree(1)])])

t.label																		#	3
t.is_leaf()														#	False
t.branches[0].is_leaf()		#	True

class	Tree:
				def	__init__(self,	label,	branches=[]):
								self.label	=	label
								self.branches	=	list(branches)

				def	is_leaf(self):
								return	not	self.branches
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draw() Tree

class	Tree:

				def	__init__(self,	label,	branches=[]):
								self.label	=	label
								for	branch	in	branches:
												assert	isinstance(branch,	Tree)
								self.branches	=	list(branches)

				def	is_leaf(self):
								return	not	self.branches

				def	__repr__(self):
								if	self.branches:
												branch_str	=	',	'	+	repr(self.branches)
								else:
												branch_str	=	''
								return	'Tree({0}{1})'.format(self.label,	branch_str)

				def	__str__(self):
								return	'\n'.join(self.indented())

				def	indented(self):
								lines	=	[]
								for	b	in	self.branches:
												for	line	in	b.indented():
																lines.append('		'	+	line)
								return	[str(self.label)]	+	lines
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def	count_leaves(t):
				"""Returns	the	number	of	leaf	nodes	in	T."""
				if	
								
				else:
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def	count_leaves(t):
				"""Returns	the	number	of	leaf	nodes	in	T."""
				if	
								
				else:
								

t.is_leaf():
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def	count_leaves(t):
				"""Returns	the	number	of	leaf	nodes	in	T."""
				if	
								
				else:
								

t.is_leaf():
return	1
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def	count_leaves(t):
				"""Returns	the	number	of	leaf	nodes	in	T."""
				if	
								
				else:
								

t.is_leaf():
return	1

leaves_under	=	0
								for	b	in	t.branches:
												leaves_under	+=	count_leaves(b)
								return	leaves_under
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sum()

sum([1,	1,	1,	1])			#	4
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sum()

sum([1,	1,	1,	1])			#	4

def	count_leaves(t):
				"""Returns	the	number	of	leaf	nodes	in	T."""
				if	t.is_leaf():
								return	1
				else:
								branch_counts	=	[count_leaves(b)	for	b	in	t.branches]
								return	sum(branch_counts)
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def	print_tree(t,	indent=0):
				"""Prints	the	labels	of	T	with	depth-based	indent.
				>>>	t	=	Tree(3,	[Tree(1),	Tree(2,	[Tree(1),	Tree(1)])])
				>>>	print(t)
				3
						1
						2
								1
								1
				"""
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def	print_tree(t,	indent=0):
				"""Prints	the	labels	of	T	with	depth-based	indent.
				>>>	t	=	Tree(3,	[Tree(1),	Tree(2,	[Tree(1),	Tree(1)])])
				>>>	print(t)
				3
						1
						2
								1
								1
				"""
				print(indent	*	"	"	+	t.label)
				for	b	in	t.branches:
								print_tree(b,	indent	+	2)
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def	leaves(t):
				"""Return	a	list	containing	the	leaf	labels	of	T.
				>>>	t	=	Tree(20,	[Tree(12,	[Tree(9,	[Tree(7),	Tree(2)]),	Tree(3)]),	Tree(8,	[Tree(4),	Tree(4)])])
				>>>	leaves(t)
				[7,	2,	3,	4,	4]
				"""

sum([	[1],	[2,	3],	[4]	],	[])	#	[1,	2,	3,	4]
sum([	[1]	],	[])	#	[1]
sum([	[[1]],	[2]	],	[])	#	[[1],	2]
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def	leaves(t):
				"""Return	a	list	containing	the	leaf	labels	of	T.
				>>>	t	=	Tree(20,	[Tree(12,	[Tree(9,	[Tree(7),	Tree(2)]),	Tree(3)]),	Tree(8,	[Tree(4),	Tree(4)])])
				>>>	leaves(t)
				[7,	2,	3,	4,	4]
				"""
				if	t.is_leaf():
								return	[t.label]
				else:
								leaf_labels	=	[leaves(b)	for	b	in	t.branches]
								return	sum(leaf_labels,	[])
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def	count_paths(t,	total):
				"""Return	the	number	of	paths	from	the	root	to	any	node	in	T
				for	which	the	labels	along	the	path	sum	to	TOTAL.

				>>>	t	=	Tree(3,	[Tree(-1),	Tree(1,	[Tree(2,	[Tree(1)]),	Tree(3)]),	Tree(1,	[Tree(-1)])])
				>>>	count_paths(t,	3)
				2
				>>>	count_paths(t,	4)
				2
				>>>	count_paths(t,	5)
				0
				>>>	count_paths(t,	6)
				1
				>>>	count_paths(t,	7)
				2
				"""
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def	count_paths(t,	total):
				"""Return	the	number	of	paths	from	the	root	to	any	node	in	T
				for	which	the	labels	along	the	path	sum	to	TOTAL.

				>>>	t	=	Tree(3,	[Tree(-1),	Tree(1,	[Tree(2,	[Tree(1)]),	Tree(3)]),	Tree(1,	[Tree(-1)])])
				>>>	count_paths(t,	3)
				2
				>>>	count_paths(t,	4)
				2
				>>>	count_paths(t,	5)
				0
				>>>	count_paths(t,	6)
				1
				>>>	count_paths(t,	7)
				2
				"""
				if	t.label	==	total:
								found	=	1
				else:
								found	=	0
				return	found	+	sum([count_paths(b,	total	-	t.label)	for	b	in	t.branches])
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def	double(t):
				"""Returns	a	tree	identical	to	T,	but	with	all	labels	doubled."""
				if	
								
				else:
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def	double(t):
				"""Returns	a	tree	identical	to	T,	but	with	all	labels	doubled."""
				if	
								
				else:
								

t.is_leaf():
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def	double(t):
				"""Returns	a	tree	identical	to	T,	but	with	all	labels	doubled."""
				if	
								
				else:
								

t.is_leaf():
return	Tree(t.label	*	2)
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def	double(t):
				"""Returns	a	tree	identical	to	T,	but	with	all	labels	doubled."""
				if	
								
				else:
								

t.is_leaf():
return	Tree(t.label	*	2)

return	Tree(t.label	*	2,
												[double(b)	for	b	in	t.branches])
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def	double(t):
				"""Returns	the	number	of	leaf	nodes	in	T."""
				return	Tree(t.label	*	2,
												[double(b)	for	b	in	t.branches])
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def	double(t):
				"""Doubles	every	label	in	T,	mutating	T.
				>>>	t	=	Tree(1,	[Tree(3,	[Tree(5)]),	Tree(7)])
				>>>	double(t)
				>>>	t
				Tree(2,	[Tree(6,	[Tree(10)]),	Tree(14)])
				"""
				t.label	=	t.label	*	2
				for	b	in	t.branches:
								double(b)
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def	prune(t,	n):
				"""Prune	all	sub-trees	whose	label	is	n.
				>>>	t	=	Tree(3,	[Tree(1,	[Tree(0),	Tree(1)]),	Tree(2,	[Tree(1),	Tree(1,	[Tree(0),	Tree(1)])])])
				>>>	prune(t,	1)
				>>>	t
				Tree(3,	[Tree(2)])
				"""
				t.branches	=	[___	for	b	in	t.branches	if	___]
				for	b	in	t.branches:
								prune(___,	___)
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def	prune(t,	n):
				"""Prune	all	sub-trees	whose	label	is	n.
				>>>	t	=	Tree(3,	[Tree(1,	[Tree(0),	Tree(1)]),	Tree(2,	[Tree(1),	Tree(1,	[Tree(0),	Tree(1)])])])
				>>>	prune(t,	1)
				>>>	t
				Tree(3,	[Tree(2)])
				"""
				t.branches	=	[b	for	b	in	t.branches	if	b.label	!=n]
				for	b	in	t.branches:
								prune(b,	n)
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