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2. More partial TreeNode class and partial BinarySearchTree class.

class BinarySearchTree:

“e BinarySearchTree
def delete(self,key}:
if self.size > 1:
nodeToRemove = self._get{key,self.root)
if nodeToRemove:
self .remove {nodeToRemove)
self.size = gelf.size-1
else:
ralse KeyFErroxr{'Frror, key not in tree’ q

. elif self.size == 1 and self.root.kéy == Key:
self.root = None A

self.size = self.size - 1

raise KeyError{'Error, key not in tree )
def _ delitem___{self, key): ¢} Draw all pictyres
self.delete(key)

def remove{self,currentNodej-: N
_if .currentNode.isLeaf () : #1eaf T
- if currentNode == currentNode.parent. lefth1i§1
(&N currenitNode. parent jeftChild = None
T ETEE . .

g currentiNode. parent rlghtChlld = None .
elif currentiode .hasBothChildren(): Finterior
suce = currentiNode.findSuccessor () '

suce, splicelut {) '
currentNode.key = succ.key
currentNode.payload = succ.payload

else+—#this node.has.ong chilg
f currentlsde.hasleftChild():
1f currentNode.isLeftChild{):
currentNede.leftChild.parent = currentNode parent

. currentNede. parent., leftChild = CurrentNode leftChlld

elif SurrentNode.isRightChila{ys=—" S Y
{\ currentNode.leftChild.parent = currentNode.parent }
e, CUrrentNode. parent rlghtChlld CurrentNode leftChil

else:
currentNode. replaceNodeData(c&rrentNode leftChild.key,
currentNode.leftChild.payload,
currentMode, leftChild.leftChild,
currentNode.leftChiid.rightChild)

else:
if currentdode.isLefiChild{):
currentNode.rightChild.parent = currentNode.parent
currentNode.parent.leftChild = currentlMNode.rightChild
elif currentMNode.isRightChild{}:
currentNode.rightChild.parent
currentNode.parent.rightChild
else:
currentMode.replaceNodeData (currentNode.rightChild, key,
currentNode.rightChild.payload,
currentNode.rightChild. leftChlld,

f#‘
currentNode.rightChild. rlghtChliilﬂjpe P

P

currentiNede.parent
currentNede.rightChild

[

1l

e
"

-

a) Update picture where we delete a leaf,

else: L b) Where in the cod/e/s each handlcd//d'“ f’,/ e

deleting all nodes-ith one child.

y

-y
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3. Yet even more partial TreeNode class and partial BinarySearchTree class.

class TreeNode:

TR

def findSuccessor{self):
succ = None
x&ﬁ—seiﬁﬂhasagghtChlld¢¢
suce i “self. rzghtChllqulndMln(}
se: L SS—
if self.parent:

if self. 1sf_.eftchlldé]){/"4

succ =a:iif;gﬁ§
éé}gﬁg ent.rightChild = None
SuEc =wgelf ,parent, findSuccessor ()

- self.pardni rightChild = self
return succ e,

L

def findMin{self}:
current = self
while current.hasLeftChiid{):
current. = current.leftChild
return current

def spliceOut{self):
if self.isLeaf():
if self.isLeftChild():
self.parent.leftChild = None
else:
self.parent.rightChild = None
ET?@_seifmhasAnychildren(L

1f . hasLeftChiid{):
if F.isLeftChild({}:
self. sant . (“i-

else: o
self %ﬁﬁﬁzzf rlghtChl* = self.leftchild
seléffg%tchlld parent = self .parent
[Sh P
3f self.isLeftChnild():
self.parent.leftChild = self.rightChild
else:
self.parent,rightChild = self.rightChild
self . rightChild.parent = self.parent

~ self.leftChild
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[

.

Consider the Binary Search Tree (BST):

- - h( 4 \
What would need to be done to delete 32 from the BST? (i) {‘* t VL»I} { ff - 5Q’VCA 712‘/‘ f“}‘

What would need (o be done o delete 9 from the BST? R é’_ *’\’ Yo /744'\ end I' C Z! J/p Joracf-t-

Lo [efef .o c:"éz, 74

‘What would be the result of deleting 50 from the BST? Hint: One technique when programming is to convert a
hard problem into a simpler problem. Deleting a BST node that contains two children is a hard problem. Since
we know how to delete a BST node with none or one child, we can convert “deleting a node with two children”
problem into a simpler problem by overwriting 50 with another node’s value. Which nodes can be used to
overwrite 50 and still maintain the BST ordering? ¢, { 7 oo & -g

Which node would the TreeNode’s findSuccessor method retumn for succ if we are deleting 50 from the BST?

33

. When the findsuccessor method is called how many children does the self node have? 9

A
. How could we improve the findSuccessor method? _. ) ll‘ﬂi 14 @\({3 . QJQL P ﬁ Ca ,,0! {Lfﬁ{éi

Ne\tr vuvig O&/’eﬂ m/F)

When the spliceout method is called from remove how many children could the se1f node have?

at Mogt a V‘Fx]!f]~{- el \

. How could we impiove the spliceout method? (‘“ ’ “ﬁe ﬂ’f - —f
pr splicedu e (VM(’WLC A 'C(?ﬂ@ TL 4

Never vung (X'e) om‘)

Lecture 20 Page 1




Data Structures (CS 1520) Lecture 20 Name:
6. The shape of a BST depends on the order in which values are added (and deleted).

a) What would be the shape of a BST if we start with an empty BST and insert the sequence of values:
70, 90, 80 5, 30, 110, 95, 40, 100

b) If a BST contains n nodes and we sta1t searching at the 100t&1§%@ﬁ d be the worst-case big-oh O( ) notation for
a successful search? " (Diaw.the shape of the BST leading to the worst-case search)

7. We could store a BST*in-ranj_z}jygy,l'ike we did for a binary heap, e.g. root at index 1, node at index i having left
child at index 2 * i, and right child at index 2 * i + 1.

a) Draw the above BST (after inserting: 70, 90, 80, 5, 30, 110, 95, 40, 100) stored in an array (leave blank unused
slots)

Lo, 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2f.. .. . za‘ﬁ{

sk 70] s [40] a0[$w wl | |6 10|

N

b) What would be the worst-case storage needed for a BST with n nodes?

~
@ /\ 2 Croe +eln
8. a) HaBST contau@n nodes, draw the shape of the BST leadmg to'sEst, successfill search in the wor st case.

/ O @( ) ) éﬁ age

/

AT & vl
YM) ' )(/%m) ew? iR

fo

N

b) What is the worst-case big-oh O( ) notation for a successful search in this “best” shape BST?
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