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5. Quick sort general idea is as follows. 1 S (-5\"\ N

ck so 172 ot v
¢ Select a “random” 1tem in the unsorted part as the pzvo:f 1V0F cX 7
* Rearyange (par tmomng) the unsorted items such that! All items < to Pivot ﬁggt All items >= to Pivot
s Quick sort the unsorted patt to the left of the pivot — — — -~

L3

a) Given the following partition function which returns the index of the pivot affer this rearrangement, complete

| Lecture 17

Quick sort the unsorted part to the right of the pivot

the recursive quicksortHelper function,

et ' C%;

def quicksort{lyst):

def partition{lyst,

left, right):
# Find the pivot and exchange it with the last item
middle = (left + right) // 2 .
pivot = lystimiddie]
lyst{middlel = lyst[right]
lyst(right] = pivot
# Set boundary point to first position
boundary = left
# Move items less than pivet to the left
for lndex in range{left, right}:
if 1lyst[index] < pivot:

temp = lyst[index]

lyst{index] = lystiboundary]

lyst [boundary] = temp

boundary += 1
# Exchange the pivot item and the boundary item
temp = lyst[boundary]
lystboundary] = lyst[right]
lyst[right] = temp
return boundary

0,

R,

def qulcksortHelper(lyst left, rlght)
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quicksortHelper {lyst, len(lyst) - 1)

b) For the list below, t
) For the lis ?'OW Faceﬁ%

lyst:

fir St
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ca]l to paytition and dez{ifme the resulting list, and value returned.

right  index boundary pivot

¢£( ﬁﬂ;;

1

0 8 Y

b) What imtial arrangement of the list would cause

¢} Let “n” be the number of items between left and right. What is the worst-case O( ) for partition?

p jtlon to
i

hi O;Aﬂﬁ’ lfé‘lﬂ@ ""i

perform the most amount of work?

o(n )
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d) What would be the overall, worst-case O( ) for Quick Sort?
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c) Ideally, the pivot 1tem splits the list into two equal size pioblems What wouid be the big-oh for Quick Sort in the

B e LUV [ P!
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f) What would be the big-oh for Quick Sort in the aver average case case? )

(f\ \ @Q)LF\

g) The textbook’s partition code (Listing 5.15 on page 225) selects the first item in the list as the pivot item.
However, the above partition code selects the middle item of the list to be the pivot, What advantage does
selec‘ung the middle item as the pivot have over selectmg the first item as the pivot?
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Data Structures
1. Consider the parse tree for (9

e R

Lecture 18 Name:

+(5*3n/(8 -4 A -0,
GO < ,,_7 leve]

a) Indentify the followirig)items

¢ node containing “¥” ~

R S T T 5 S AT SR T R

in the above tree:
siblings of the node containing “*’

¢ edge from nogde,containing “-” to node containing “8* leqf nodes of the tree 67 ff

*  roofnode ﬁ j B "\ subtree who’s root is node contains “+”

° children ot the node containing “+” 3 ){ *  path from node containing “+” to node containing “5”
* parent of the node containing “3” C °  branch from root node to “3” C)

b) Mark the /evels of the tree (level is the number of edges on the path from the root)

¢} What is the height (max. level) of the tree? j

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 subtrecs for the node each implemented as a list of lists]

Complete the list-of-lists representation look like f01 the abogpaise tree:

0 D, DI (3 07 3 9 7

3. Consider a “linked” represent

ations of a BmaryT}ee For the expression ((4 +5) * 7) the bmaly tree would be:

class BinaryTree:

self.key = rootObj

key

def init (self,rootObj):

self,leftChild = None
self,rightChild = None

leftChild rightChild

key

leftChild rightChild

L~ ™~

I+l key I‘TI

leftChild rightChild

-~

~

l4l

key

leftChild rightChild

key | '5?

leftChild rightChild
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import operator
¢class BRinaryTree:
def init (self,rootObj):
self.key = rootCbi
self.leftChild = None
self.rightChild = MNone

def insertLeft(self, newlode):
if self.leftchild == None:

self.leftChild=BinaryTree (newNode)

else
mBlfﬁfﬁyree{n

gt deftl 1
Setf.leftChild =

ewlode)
ftchlld
£

def insertRight (self, newNcde) :
if self.rightChild == None:

self.rightChild=BinaryTree (newNode)

else;
-=.BiparyTree (newNode)
<§;§§#£§5w self.rightChild
S&TT rightChild = t

isleaf (self):
return {{not self.,ieftChild) and
{not self.rightChiid)}

def

def getRightChild{self):

return self,rightChild

def getlLeftChild{self}:

return self.leftChild

def setRootVal(self,obi):

self.key = obj

def getRootVal(self,):

return self.key

def inorder(self):

if self.leftChild:
. self.leftChild.inorder ()
priant (self.key)

if self.rightChiid:

self.rightChild.inorder ()

def postorder(self):

if self.leftChild:
seif.leftChild.postorder ()

if self,rightChild: -
self.rightChild.postorder{)

print (self.key)

a) Fix the insertleft and insertRight code:
}n the text on pp. 242-3)

{

def precrder(self):
print (self.key)
if self.leftChild:
self.leftChild:preorder ()}
if self. rlghtChlld'
7 sgelf. rlghtChlld preorder ()
def printexp(self):
if self.leftChild:
print('{', eand=' "'}
self.leftChild.printexp()
print{self.key, end=' ')
if self.rightChild:
self.rightChild.printexp()
print ('}, end=' *)

def postordereval (self):

opers = {'+':operator.add, '-':operator.sub,
txtioperator.mal, '/'ioperator.truediv}

resl = Neone

res2 = None

if self.leftChild:

resl self.leftChild.postordereval {}
if seif.rightChild:

res2 self,rightChild.postordereaval ()
if resl and res2:

return opersiself.Xkey] (resl, res2)
else:

return self.key

Some corresponding external (non-class) functions:

def inorder{tree):

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

def printexpl(tree):
if tree.leftChild:

print{"'{', end=" ")

def printexp{tree):

— mnn
ree:

sVal = '(' + printexp(tree.getLeftChild())

sVal = sVal + str{tree.getRootVal()}

s5Val = sVal + printexp(tree.getRightChild{)) + "}°

return sVal

s . def postordereval {tree):
printexp(tree.getLeftChild()) opers = {'+F:operator.add, '-':operator.sub,
s -1 T
prlnt{treg.getR?otValt), end= ) txtroperator.mul, '/':operator.truediv}
1f tree.rightChild: resl = Nome
printexp (tree.geftRightChild(}} res? = None
print{'} ', end=' ') if trea:
def height{tree): resl = postordereval (tree,getLeftChild()}
if tree == None: res? = poestordereval (tree,getRightChild())
return -1 if resl and res2:
else; return opersitree.getRootvVal ()i (resl, resZz)

return 1 + e
max {height (tree.leftChild},

height (tree.rightChild})

1se:
return tree.getRootVal ()
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b) IfmyTree is the BinaryTree object for the expression: ((4 + 5) * 7), what gets printed by a calls to:

myTree.inorder{) myTree.preorder () myTree.postorder(} inorder {myTree)
v K 1 1
t + i t
5 Y : 3
¥ 5 1 2
g 1 * }

¢) fmyTree is the BinaryTree object for the expression: ((4 + 5) * 7), what gets printed by a call to
myTree.printexp ()7

d} If myTree is the BinaryTree object for the expression: ((4 + 5) * 7), what gets Ietumed by acall to
myTree.postordereval {}7? (g 5

¢) Eyom an class/Abstract Data Type (ADT) g@ln’c of v1ew why are the ﬁ‘:temai versions of the methods “better”?

hi-LeDd = Sell; bfea h+() hetg et (sell
N PLE b, mém’éerff g{@ 24el) ~(§ 1@,{»{1 o w,{/z,lg :
Pelwpm |4 avmxﬂlméﬁ he e%;%éfeé) |

f) Write the height method for the BlnaryTree class.

)

4, Consider the Binary Search Tree (BST). For each node, all values in the left-subtree are < the node and all values
in the right-subtree are > the node.

T

Starting at the root, how would you find the node containing “32”7

Starting at the root, when would you discover that “65” is not in the BST"?

What would be the preorder traveral of the BST? 529 :ﬁcﬂ E’«? Cf/ 32 (*( s ] . é) S (jv 8‘1’)
What would be the postorder traveral of the BST? ‘S ‘23 !ti ;% g C]l ,5&9 £ 5’ g(;) f(;:)
Starting at the root, where would be the “casiest” place to add “65”7?

Where would we add “5” and “33”7

moe Ao o
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