Data Structures 5 @ @) @ Lecture 18 Name:

1. Consider the parse tree for (9 + (5% 3))/ (8 - 4):

Vo
0 s

a) Indegt@he following items in the above tree:
node containing “*” _ Lsibiings of the node confaining “*”?

*  edge from node containing “-” to node confaining “8” leaf nodes of the tree 9,5, ..

\’ roof node ~subtree who’s root is node contains “+”
¢ children of the node containing “+" Q k< *  path from node containing “+” to node containing “5”
* parent of the node containing *“3” Ny *  branch from root node to “3” ¥ I ¥ ,me

b) Mark the levels of the tree (level is the number of edges on the path from the root)
¢) What is the height (max, level) of the free? 3
2. In Python an easy way to implement a tree is as a list of lists where a tree look like:
[ “node value”, remaining items are subtrees for the node each implemented as a list of lists]
Complete the list-of-lists representation look like for the above parse tree:

A ‘D)Exf) Ev_s“'j [13:'7] LT Elgj E“{j@ @ J— /]

3. Consider a “linked” representations of a\BinaryTree. For the expression ((4 + 5) * 7), the binary t@uid be:

class B&ﬂary‘rj:ee ! \9 -------------------- - o

def  dinit_ (self,rootObj): 7 key | 1xe RV }A"l \ (r"’*‘_
self key) = rootOb] . G; 4 {?(Z
self.leftchild = None leftchild rightchild |}

self. rlghtChlfl\d
se f
Y
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import operator S*’{, [ 1
class BinaryTree: s

def _ init_ {self,rootob] Seval.
self.key = rootOb] .

\

self, 1eftChlld None

self.rightchild = None “523 EZj

[ e

def insertLeft(self,newNode):
if self.leftChild =="None:

self,leftChild=BinaryTree (newNode}—

elsge:

‘TaryTree (newNode)
Z, [Q“(}(étlk& - self.leftChild
self.leftchild = ot

def insertRight(self,newNodg}r*“"'”“

if self,rightchilid == None:

self. rlghtChlld BinaryTree {newNode)

else:
£ afyTree{newNode)

(g:;;gllt self,rightChild
se FightCchild = t A/
n”() il

def isLeaf (self):
Wi

return ((not self. leftChild) a
(not self.rightcChild})

def getRightChild{self}:

return self,rightChild BKQS}’Eﬁ‘”
def getLeftChild{self): _

return self.leftChild

def setRootVal{self,obj):
gelf.key = obj

def getRootVal{self,)}:
return self.key

def inorder{self):
if self.lefrchild: v
self.leftChild. inorder ()}
print (self.key)
if self.rightchild:
self.rightChild. inorder ()

def postorder{self):
if self.leftChild:
gelf . leftchild.postorder()
if self.rightChild:
self.rightChild.pogtorder ()
print (self . key)

— | a) Fix the insertLeft and insertRight code:
3 . (Listing 6.6 and 6.7 are wrong in the text on pp. 242-3)

Vo /?’P{ é’z’m«é @’*J%A%#* 1%«;@

2 /Q«F/('é/,/gﬂ
*:-{ g4 {(; /if//

def preorder(self):
print {self, key)

[ge, if self,leftChild:
1? self.leftChild.preorder()
%4 if self.rightChild:

self.rightChild.preorder(}

def printexp(self):
if self.le ild:
prinE L end=dot i
C gelf. léf/éhlld prlntegg?z)
w - P prinE (§8TT [key, “end=1. 1)..
if gelf,rightChild:

é?}f rightchild, prlntexp(ij
Intf+pryends Y

def postordereval {self}:
opers = {‘+':operator.add, t- ! operator, sub,
t*f;operator,mul, '/!:operator.truediv}
resl = None
res2 = None
if self.leftChild:
resl = self,leftChild.postordereval {}
if self.rightchiid:
res2? = gelf.rightChilid.postorderevall(}
if resl and resz:
return opers(self.key]} {resl, res2}
else:
return self.key

Some corresponding external (non-class) functions:

def

def

def

inorder {tree}:

if tree != None:
inorder {tree.getLeftChild({})
print {tree,getRootval{}}
inorder (tree.getRightChild{())

printexp({tree):
if tree.leftcChild:
print{* (', end="' ')
printexp{tree.getlLeftChild(})
print {Lree.getRootVal(}, end=' ')
if tree.rightcChild:
printexp{tree.getRightChild(}}
print{'}', end="' )

height {tree):
if tree == None:
return -1
else:
return 1 +
max (height {tree.leftChild},
height (tree.rightChild}}

def printexp(tree): wﬁ)
sval = v el
if tree: e \\\\
svVal o+ prlntexp{tre etheftChild () f

sVal = sVal + str{tree. e RomtVal())
sVal = gval + printexpftree. QQFnghtChlld )) + 3}
return sVal {imw
def postordereval (tree): m““~m)
opers = {'+':operator.add, '-':operator,sub,
t%1,;operator.mul, '/':operator.truediv}
regl = None
res2 = None
if tree:

resl = postordereval({tree.getLeftChild(})
res2 = postordereval {tEree.getRightChild(})
if resl and res2:
return opers[tree.getRootVal({)] (resi, res2)
else:
return tree.getRootval({)
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b) If myTree is the BinaryTree object for the expression: ((4 + 5) * 7), what gets printed by a calls to:
myTree, inorde;._: {} myTree,preorder () myTrée.postorder () inordex (myTree)

e % " m—»/

o

)

~KkNh4 o

—

¢) IfmyTree is the BinaryTrree object for the expression: ((4 + 5) * 7), what gets printed by a call to
P

myTree.printexp()? Y (( L{—f—S) e -7)

d) If myTree is the BinaryTree object for the expression: ((4 +5) * 7), what gets returned by a call to
myTree,postordereval ()7 é 3

e
e F N,

>

it

hef hel}‘f%(m(‘p):
<t d O e L <otz fae !

" Q}l — +V“C’”{UM - | ‘
Vean [ v e (% I‘C 2t
re ({“i’ ,!e(é Af&%}

4, Consider the Binary Search Tree (BST). For each node, all values in the lefi-subtree are < the node and all \Qfah?é

in the right-subtree are > the node. f{[«?{ g §H(4 rfe! rgm(‘? 4{&?

e) Write the height method for the BinaryTree class.
e ¢nie
€XHply =i

S

a, What is the order of node processing in a preorder avoral of the above BST?

5,20 Gz,p@\3¢{,5g,%?-,7ae§”8.%f9,
b. What is the order o} node processing in a postorder traveral of the above BST?

1%, 9, 32, H7F,34,30,53,%0,70, 52 .
c. Whatis t}lle ortler of n!:)de processing in a inorder tra\;erai of the above BST? g .{Cen yi,@ ", @Féﬁ%ﬁ
d. Starting at the root, how would you find the node containing “32”?
e. Starting at the root, when would you discover that “65" is not in the BST?
f. “WiaTwaild be the preorder tiaveral of the BST2--
gy~-What-would-be-the-postorder-traveral-of.the BST?Z... j
h. Starting at the root, where would be the “easiest” place to add “65”? W/ L‘\ tre g ‘f LV ng lw ve Bea
i. Where would we add “5” and “33”7 Loun A
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1. Consider the partial TreeNade class and partial BinarySearchTree class.

class TreeNode:
def _ init__ {self, key,val,left=None, right=None,
parent=None) :
self.key = key
self .paylcad = val
gelf.leftChild = left
self,rightChiid = right
gself,parent = parent
def hasLeftChild(self):
return self.leftChild

def

hasRightChild{self) :
return gself.rightChild g
5@("
isLeftChild (self):
return gelf.parent and \
self.parent.lefttChild

def
self
def

isRightChild(self)
return self.parent and \

gelf.parent.leftChild gelf

def isRoot (gelf):

return not self,parent

def isLeaf(self}:

return not {gelf . rightChild or self,leftChild}
def hasAnyChildren{self};:

return self,rightChild or self.leftChild

def hasBothChildren{self):
return self.rightChild and self.leftChild
def replaceNodeData{self,hkey,value,lc,rc):
self . key = key
gelf .payload = value
gelf,leftchild = lc
self.rightchild = rc
if self.hasLeftChild():

self.leftChild.parent = self
if self,hasRightChild(}:
self.rightChild.parent = s 1%\
,q(z ((@

def _iter (self}:
if self: :

. f, ~_//

if self.hasLeftChild ()= .. C{/
tehilg:
g

\

L6
Tryield Tetem e

yield self.key {/f
if self.hasRightChild{}: - e
for elem in self.rightChild: "
yield elem

a5

R .

A

A BinarySearchTree

/ root is None if
L gize is 0

class
def

BinarySearchTree:

__init__ {(self}:
gself.rootb None
self.size 0

nn

def length{self):

return self.gize
def _ len_ ({self):
return self.size
def __iter {self):
return self.root. iter ()
def _ str (self}:
nnrReturns a 'string representation of the tree
rotated 90 degreeg counter-clockwise""*

def strHelper(root, levegl}:
resultstr =
if root:
resultStr += strHelper(root.rightChild,
level+l}
regultsStr += *| * * level

atr{rcot, key) + ll\nu
strielper{rocot.leftChild,

resultStr +=
regultsStr +=

level+l)
return resultstr
return strHelper (self.root, 0}
VO C ez
" \
co ({4

P
P

o

a) How do the BinarySearchTree  iter and  str methods work?

_her o calls Hsel® ‘fg{},fg:‘we,@;f Vg Jf”!\e.“ ’ng\t,ﬁ th ..

=
4

to do anpinocfes

u
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