


Tree Abstraction

or Root Node

(wooden trees): Relative description (family trees):
A tree has a root label and a list of branches Each location in a tree 1s called a node
Each branch 1s a tree Each node has a label that can be any value
A tree with zero branches 1s called a leaf One node can be the parent/child of another
A tree starts at the root The top node 1s the root node

People often refer to labels by their locations: “each parent is the sum of 1ts children"



Q: Make a function that prints the leaves of a tree

def print_leaves(t):

niiiil

“"""Print the leaves of a tree.

# Write pseudocode

# What selectors for t would we need so that we can get the information

# we need about t (regardless of how it’'s represented)?

Processing a leaf 1s often the base case of a tree processing function

The recursive case typically makes a recursive call on each branch, then aggregates



Using the Tree Abstraction

For a tree t, you can only: An example tree t:

eGet the label for the root of the tree: label(t)

eGet the list of branches for the tree: branches(t)

*Get the branch at index i, which 1is a tree: branches(t) [0] [ ! ‘a t

.Determlne Whether the tree lS a 'l_eaf: lS_-l.eaf(t) ..........................................

eTreat t as a value: return t, f(t), [t], s = t, etc.

(Demo)



Example: Largest Label

Processing a leaf 1s often the base case of a tree processing function

The recursive case typically makes a recursive call on each branch, then aggregates

def largest_label(t):
"HHReturn the largest label in tree t."""

if is leaf(t):
return label(t)

else:

return Max ([ largest_label(b) f,r b in branches(t)] + L[label(t)]




Implementing the Tree Abstraction

def tree(label, branches=[]):
return [label]l + branches

def label(tree):
return treel[0]

def branches(tree):
return tree[1:]

« A tree has a root label
and a list of branches

« Each branch 1s a tree
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>>> tree(3, [tree(1l),
tree(2, [tree(1),

- tree(1)1)1)

13, 111, [2, [1], [1]1]]



Implementing the Tree Abstraction

--------------------------------------------------------------

for branch 1n branches:

def tree(label, branches=[]):
assert 1is tree(branch)‘<[

Verifies the
tree definitiong}

--------------------------------------------------------------

__________________________________

.
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def label(tree): Creates a li

return treel0]

\_

St

from a sequence
of branches

J

def branches(tree):

return treel1:] Verifies that

tree 1s bound
to a list

\

J

def is tree(tree) \\J

---------------------------------------------

_____________________________________________

return False
for branch in branches(tree):
if not is _tree(branch):
return False
return True

« A tree has a root label
and a list of branches

« Each branch 1s a tree

3
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/ AN
1 1
>>> tree(3, [tree(1l),
tree(2, [tree(1),

. tree(1)]1)])
13, (1], [2, [1], [1]]]

def is leaf(tree):
return not branches(tree)

(Demo)



Example: Above Root

Processing a leaf 1s often the base case of a tree processing function

The recursive case typically makes a recursive call on each branch, then aggregates

def above root(t):

""U"Print all the labels of t that are larger than the root label."""

def process(u):
i label(u) > label(t).

print( lab61(U) )

for b in branches( Y ):
process(b)

process(t)



