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Name:

1. Consider the partial TreeNode class and partial BinarySearchTree class.
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return not (self.rightcChild or

class TreeNode:
__init

{self,key,val, left=None, right=None,
parent=None} :

self . key = key

self .payload = val

self.leftcChild = left

self . rightchild = right

self . parent = parent

hasLeftChild(self):
return selif.leftChild

hasRightChild{self):
return gelf.rightChild
Se

isbeftChild (self):
return self.parent and \
gelf.parent,leftChild ==

isRightChild{self}:
return self.parent and \

gelf,parent,leftChild == self

isRoot {self}:
return not self.parent

isLeaf {self):
gelf,leftChild}

hasAnyChildren(self):
return self.rightChild or self,lefiChiid

hasBothChildren{self}:
return self.rightChild and self.leftChild

replaceNodeData {self,key,value,lc,rc):
self . key = key
self.payload = value
self.leftChild lec
self.rightChild = rc
1f self.hasLeftChild{}:
self.leftChild.parent
if self.hasRightChild{}:
self.rightChild.parent
=t

self

_iter_ (smelf):
if self:

if gelf.hasLeftChild(}-

(for elem in self, leftChllg R
=yigld elem - \\
yvield self.key 6;

if self, hasnghtChlld{ g e
for elem in self.rightChild: fﬂf
vield elem

A BinarySearchTree object

/ root is None if

" pize is 0O

class
gef

BinarySearchTree:

__init__ {self):
self.root = None
self.size 0

def length{self):

return self,size
def _ len ({self}:
return self.size
def _ iter (self):
return self,root.

()

iter_

def _ str (self}:
nniReturns a 'string representation of the tree
rotated 20 degrees counter-clockwise"!

def strHelper(root, level}:
regultStr = *v
if root:
resultsStr += strHelper{root.rightChild,
level+l}
resulbStr 4= Y| * * level

str{root.key) + "\n"
strHelper{root,leftChild,
levels+l)

regulE8tr +=
result8tr +=

return resultStr

return strHelper{self.root, 0}
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Data Structures (CS 1520) Lecture 19
More partial TreeNode class’and-paﬁi‘él‘BingySearchTree class.

Name:

. ' " ' N
claas BlnarySeai;?;rg;. l{? A: lLﬂ Lj"f .
def _ contains__ {self, key):
if self., get(key,self.root):
return True
else:
return False

def get (self,key):
if self.root:
res self. get({key,self.root)
if res:
return res.payload
else:

return None

else:
return None
def get{self,key,currentNode}:
if not currentNode:
return None
elif currentNode.key == key:
return currentNode
elif key < currentNode.key:
return gelf. get {key,curren{Node.leftChild}
else;
return self._get(key,currentﬁié;T;}ghthiifi

)

=4

cei¥

def _ getitem__ (self key):

return self.get (key)

[

def _ setitem  (self,k,v):

gelf,put{k, v}
def put{self, key,val):
if self.root:

self, put(key,val,self.rocot)
else;

self.root = TreeNode(key,val)
self.size = self.gize + 1
def put(self, key,val,currentNode}j:
if key < cutrentNode.key:

if currentNode.hasLeftChild()}:

Se;_(ﬁ‘ Pﬁl;‘(‘ (kﬁ?»{ Lf%h Cirrend /(/oér

?(/f/?// = Tres /(Ja.ﬁa (

else:

Correntiiofde ,/e

elif '{35/‘ > Cusrent Naﬂe. ké}/ .‘

i Currond Mo ¢, Aéjﬁff(ﬂp%,‘/‘;{(,
Se {«P_ - P«fi(’(f“h Va “Cuf;@a*f/%ﬁ RaY

Ieﬁ# [

A BinarySearchTree object

b) The _get method is the "work horse" of BST
scarch. It recursively walks currentNode
down the tree until it finds key or becomes None

In English, what are the base and recursive cases.'(
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¢) What is the put method doing?

HMX’M dﬁzfr‘f?} Dleed F\@jﬁ fo 8@
il calls _pot widby pointer
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d) Complete the recursive _put method.
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\ j)
«é)'{D aw the "shape" of the BST after puts of:
50, 60, 30, 70, 90, 40, 65
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) If “n” items are in the BST, what is put‘s: Best-case O( [

” - tegr™)
¥? Worst-cé;se O(A )? Avéfage-case O( 93’?
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Data Structures (CS 1520) Lecture 19 Name:

2. More partial TreeNode class and partial BinarySearchTree class.

a) Update picture where we delete a leaf.

class BinarySearchTree:
BinarySearchTree

. o »

def delete(self,key):
if self.size = 1:
nodeToRemove = self. get (key,self.root}
if nodeToRemove:
self.remove {nodeToRemove}
self.gize = self.size-1

def remove {self,currentNode)

if currentNode.isLeaf{): #leaf .. o ’ o
if currentNode == currentNode,parent,leftChild: 4 L /f{&;d“
currentNode.parent,leftChild = None wﬁ? I SV

alse: -
currentNode . parent.rightChild = None

elif currentNode,hasBothChildren(): #interior
succ = currentNode. findSuccessor ()
succ. spliceOut ()}

currentNode.key = succ.key
currentNode.payload = succ.payload L
e

ey

else: # this node has one child
if cu;rentNode[hasLeftChiId{}zt*w»x~"1;Mﬂwﬁ.wm
4f currentNode, isLeftChild(): &~
currentNode.leftChild.parent = currentNode.parent
currentNode, parent,leftChild = currentNode.leftChild

elif currentNode.isRightChild(}:
currentNode.leftChild.parent = current¥Node.parent
currentNode .parent, rightChild = currentNode.leftChil

o

—

else:
currentiode, replaceNodeData (currentNode. leftChild. key,

currentNode.leftChild,payload,
currentNode.leftchild.leftChild,
currentNode,leftChild. rightChild)

5,
Ay

of
e
.

.

else: e
if currentNode.isLeftChild(}: i v
currentNode.parent \

currentNode.rightChild.parent =
currentNode.parent.leftChild = currentNode,rightChild™.,

elif currentNode,isRightChild(}:
currentNode .rightChild.parent = currentNode.parent
currentNode.parent.rightChild currentNode.rightChild
else:
currentNode. replaceNodeData {(currentNede . rightChild. key,
currentNode.rightChild.payload,
currentNode.rightChild. leftChild,
currentNode,rightChild. rightChild}

L

else:
raige KeyError('Error, key not in tree')
elif selfysize-==-1_and sglf rcot.key == key: i .
self.root = None et [ il
self.gize = sell.size ~ 1 o j‘] S
else: AR b} Where in the code is ¢dch handled? 7
raise KeyError('Error, key not in tree') d/f, ;ﬂf
def _ delitem_ (self,key): ¢) Draw all picture"%f eleting,ﬂ@) w,e]é-s»with one child.
gelf,delete {key)} 7 '/?? i S
L
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Data Structures (CS 1520) Lecture 19 Name:

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

clags TreeNode:

def findsSuccessor{self):
cOR@Sun=NONe
i@mse}f*haSngptehiid(r’ o g
{_succ = self. rlghtChild flndMln() !Uﬂ}

éi%“&g%ﬁilf parent
& Self. 1sLeftCh11d() I
ueg self. pqﬁ;nbpﬁ“
ﬂf,y@*“*
self;pé?%%%w-lg ht:child = None
ﬁmsﬁ%c = galf.patent.findSuccessor()
s s e ge 1 f parent.rightChild = self
. return suce ?&

Bt s

alge:

def findMin(self):
current = gelf
while current.hasLeftChild():
current = current,leftChildg
return current

def spliceout{gself):
if self,igkeaf{):
if self.isLeftChild():
self,parent.leftChild = None

else:
self . parent.rightChild = None
elege, wﬁbrﬁmﬂéiﬁwﬁﬁ@ﬁﬁ?@ﬁifﬁ?@ﬁ??ﬁ P
4%ag%§ hasLeftChild{}: bﬁﬂﬁfg
if f.isLeftChild(}: =y
gelf.parent. 1eff§hrlﬂ‘w self.leftchild
else:

self parent rlghtc ez self. 1eftCh11d
selﬁmieftchlld parent = self.p
eLsé
if self.isLeftChild():
self.parent.leftChild = self.rightChild
elge:
self.parent.rightChild = self.rightChild
self . rightChild,parent = self.parent
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Data Structures (CS 1520) Lecture 20 : Name:
1. Consider the Binary Search Tree (BST):

() @ &jgft!fwa«\ 4 fi/ «’?ﬂ? rerttge s

-S4 (4\ @{ ”RJ/&!I:”?

a. What would need to be done to delete 32 from the BST?
d’mmg ¢ Pﬂf‘m“f ) iﬂc«“\ﬂ I Vo Holle +o Mon e
b. What would need to be done to delete 9 from the BST?
Change paseat*s poing o deleted nolles child aad sct now ol Dby
¢. 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 rione 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 psed fo

overwrite 50 and still maintain the BST ordering? £, //@y-f— noﬂe ran Pl ?/)-.ﬂ vy, "f”km@e ( -5 )
(@(’Ilﬂrﬂéf{v@f@/y(\ }Ar?g!’/‘ ﬂwé}ﬁ ;rfﬁ {g'()e}” Su_jg?l'?‘gﬁﬁg(qq)

d. Which node would the TreeNode's FindSuccessor method return for suce if we‘are deleting 50 from the BST?

()j"?"f“t’f‘ -+ oA L Tacarng &
]@ b l”l,&oﬁ (aﬂ{ o ﬁgelig\3 ?Wa

2. When the £indsuccessor method is called how many childten does the se1f node have?

(&)
. How could we improve the £indSuccessor method? p l (\mfﬁ.q"“{"e- g;’QQ_a’ge ¢ an:g@, “ ‘,{ZM 7!
never rua S\

Lo

4, When the sp1iceout method is called froz: remove how many children could the se1f node have?

it wost a4 b4 child

L

. How could we improve the sp1iceout method?

Q{ Mipacte E{gf&&j @ﬂé’ "
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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 statt searching at the root, what would be the worst-case big-oh O() notation for
a successful search? (Draw the shape of the BST leading to the worst-case search)

7. We could store a BST in an array like 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)

0,1 2 3 4 5 6 7 8 9 10 11 12 13 4 15 16 17 18 19 20 21

i
N [:

by

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

8. a) I a BST contains n nodes, draw the shape of the BST leading to best, successful search in the worst case.

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