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Fall 2015
Data Structures - Test 2 - R un-time Stack
Question 1. (10 points) What is printed by the following program?
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Question 2. a) (12 points) Write a re

def G{
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cursive Python function to compute the Eﬂb‘“m mathematical function, G(n)'

G(n)=n for all values of n <2 (e.g., G(1) value is 1)
G(n) = G(n-3) + G(n-1) for all values of n> 2,

reﬂwﬂ &(n- 5) @(nwl)

b) (8 points) For tﬁe above recursive function G(ns complete the calling-tree for G(6).

¢) (3 points) What is the value of G(6)?
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4 _d) (2 points) What is the maximum height of the run-time stack when calculating G(6) recursively?. ‘5
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Question 3. (15 points) Consider the following simple sorts discussed in class -- all of which sort in ascepding order.

def bubbleSort (myList}:
for lastUnsortedIndex in range{len{myList)}-1,0,-1):
alreadySorted = True
for testIndex in range({lastUnsortedIndex):
if myList[testIndex] > mylList([testIndex+i]:
temp = myList[testIndex] :
myList[testIndex] = myListi{testIndex+1]
myList [testIndex+l} =" temp
alreadySorted = False
if alreadySorted:
return

def insertionSort{myList):
for firstUnsortedindex in range{l,len(myList}}:
itemTolnsert = myListi{firstUnsortedIndex}

testIndex = firstUnsortedIndex - 1
while testindex >= 0 and myList{testIndex] > itemTolInsert:

myList[testIndex+l] = myList([testindex]
testIndex = testIndex - 1

‘myList{testIndex + 1] = itemTolInsert

def selectionSort{alist):

for lastUnsortedIndex in range(len{aList}-1, 0, -1}:
maxIndex = 0
for testindex in range(l, lastUnsortedIndex+l}:

if alist[testIndex} > alist[maxIndex]:
maxindex = LestIndex

# exchange the items at maxIndex and lastUnsortedIndex
temp = aList[lastUnsortedIndex}
alist{lastUnsortedIndex] = alist[maxIndex]

aList [maxIndex] = temp
Timings of Above Sorting Algorithms on 10,000 items (seconds)
) Initial Ordering of Hems
Type of sorting algorithm - :

Descending Ascending Random order

bubbleSort.py 24.5 0.002 16.5

insertionSort.py 14.2 0.004 7.3

selectionSort.py 7.3 7.7 6.8
a) Explain why bubbleSort on a descending list (24.5 s) takes longer than bubbleSort on a random list (16.5 s).
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b) Explain why bubbleSort on a desgending list (24.5 s) takes longer than inseytionSort on a descendin list (14.2 s).
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¢) Explain why insertionSort qn a descending list (14.2 s) takes longer than selectionSort on a descr;?ding list (7.3 s).
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Question 4. In class we developed the following selection sort code which sorts in ascending order (smallest to
largest) and builds the sorted part on the right-hand side of the list, L.e.:

scan unsorted part from left
to right to find the max. item
—P

Unsorted Part | Max. uns!oar?éd Sorted Part
item ltem

Exchange the max, item
and last unsorted item

def selectionSort{alist):

" for lastUnsortedIndex in range{len(alist)}-1, 0, -1}:
maxIndex = 0
for testIndex in range({l, lastUnsortedIndex+l):

if alist[testIndex] > alistimaxIndex]:
maxIndex = testIndex

# exchange the items at maxIndex and lastUnsortedIndex
temp = aList{lastUnsortedlindex]
alist[lastUnsortedIndex] = aLlst[maxIndex]
alist [maxIndex] = temp

(20 points) For this question write a variation of the above selection sort that: ( Ul (z’j {
* sorts in descending order (largest to smallest) S T
* builds the sorted part on the left-hand side of the list, i.e.,

scan unsorted part from left (
to right to find the max. item
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Question 5. Recall the quadratic rehashing strategy we discussed for open-address hashing:

Strategy Description

Check the square of the attempt-number away for an available slot, i.e.,
[home address + ( (rehash attempt #)? +(rchash attempt #) )/2] % (hash table size), where the hash table size is
a power of 2. Integer division is used above

quadratic
probing

a) (8 points) Insert “Paul Gray” and then “Sarah Diesburg” using Linear (on left) and Quadratic (on right) probing.
Hash Table with Linear Probing Hash function Hash Table with Quad. Probing
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b) (7 points) What is the purpose of requiring a hash table size that is a power of 2 'wheh-usifig quadratic probing?
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Question 6. (15 points) Use the below diagram to explain the worst-case big-oh notation of merge sort. Assume “n
items to sort.
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