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Data Structures - Test 2 o Sk
Question 1. (10 points) What is printed by the following program? Output:
def recFn{a, b): \ ‘0
print{ a, b ) ; t{ Y\,ﬂ‘;‘w(¥fi’~:)‘
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Question 2. a) (12 pomts) Write a recursive Python function to compute the following mathematical function, G(n):
G(n) =n for all values of n <3 (e.g., G(2) valueis2) .
- G(n) = G(n-4) + G(n-2) for all values of n> 3.

def G{n): ,
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retvon 6 (n-4)+ 6 (a-1)

¢

b) (8 points) For the above recursive func?éj(n), complete the calling-tree for G(8).
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¢) (3 points) What is the value of G(8)7 & :
d) (2 points) What is the maximum number of call- frames of G on the run-time stack when calculating G(8)

recursively?
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Question 3. (15 points) Consider the following simple sorts discussed in class -- all of which sort in ascending order.

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

def insertionSort (myList):
for firstUnsortedindex in range{l,len{myList}):
itemToInsert = myList[firstUnsortedIndex]
testIndex = firstUnsortedIndex -~ 1
while testIndex >= 0 and myList{testIndex] > itemTolInsert:
myList[testIndex+l] = myList[testIndex]
testIndex = testIndex - 1

myList[testIndex + 1] = itemToInsert

def selectionSort{aList}:
for lastUnsortedIndex in range({lea{alist)-1, 0, -1):

maxIndex = 0
for testIndex in range(l, lastUnsortedIndex+l}:

if alistltestIndex] > alistimaxIndex]:

maxIndex = testlIndex

# exchange the items at maxIndex and lastUnsortedIndex
temp = alkist([lastUnsortedIndex]
aList{lastUnsortedIndex] = aList[maxzxIndex]
alist [maxIndex] = temp

Timings of Above Sorting Algorithms on 10,000 items (seconds)

) i Initial Ordering of Ttems
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 insertionSort on a descending list (14.2 s) takes longer than insertionSort on a random list (7.3 s).
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b) Exp /ain why insestionSort on a descending list (14.2 s) takes longer than seléctionSort on a descending list (7.3 s).
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¢} Explain why bubble sort is O(n?) worst-case.
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Question 4. Two common rchashing strategies for open-address hashing are linear probing and quadratic probing:

quadratic |Check the square of the attempt-number away for an available slot, i.e.,
probing  |[home address + ( (rehash attempt #)? H(rehash attempt #) )//2] % (hash table 51ze), where the hash table size is
apower of 2. Integer division is used above

a) (8 points) Insert “Paul Gray” and then “Sarah Diesburg” using Linear (on left) and Quadratic (on right) probing.

Hash Table with Linear Probin Hasb function Hash Table with Quad. Probing
2 -\41
0 | Ben Sc’gafel hash(John Doe) =7 0 | Ben S¢ afe: ( 0 '{" ))/ 3
b= ey 1 1
@77; ,ng;\ 2 hash(Philip East) = 3 2 | Sgr &\ (0 ¢ ( 3“#@5}))9%56
3 | Philip East ) 3 | Philip East T @
4 hash(Mark Fienup) = 6 4 . o
4 5 5 (04{24))28= 2.
Y 6 | Mark Fienup hash(Ben Schafer) =0 6 | Mark Fienup (& )
7 John Doe hash(Paul Gray) = 6 John Doe
ash(Paut Gray)} =
44 ” GEE
hash(Sarah Diesburg) = 0

b) (4 points) Tn open-address hashing (like the pictures above), how do we handle de!etmg 1‘(23 in the hash tabie"
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¢) (3 points) In open-address hashing (like thefp above), how do deleted items effect performance of searching?
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d) (5 points) In closed-address hashing (e.g., ChainingDict like picture below), if the load factor (# items / hash table
size) is close to 1, say 0.99, would you expect average-case searches of O(1)? (Justify your answer)
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Question 5. (20 points) In class we discussed the insertionSort code shown in question 3 on page 2 which sorts in

ascending order (smallest to largest) and builds the sorted part on the left-hand side of the list. Sordet
For this question write a variation of insertion sort that: r‘_, U _,( :
* sorts in descending order (largest to smallest), and B
* builds the sorted part on the right-hand side of the list, i.e., 'f
I Unsorted Part | Sorted Part i
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Question 6. Recall tht genelal idea of Heap sort whi uses a m1n~heap class BinHeap with methods: BinHeat (),
insert (item), delMin(), isFmpty(), size()) )to sorta list.

Generl idea of Heap sort: mylList unsorted list with n items
1. Create an empty heap & ke y P e {ee {
2. Insert all n list items into heap
Z log, 1 love A
‘nitems .
3. delMin heap items back to list in sorted order $ t‘*“’“‘
myList sorted list with n items

a) (5 points) Complete the code for heapsort so that it sorts in descending order
from bin heap import BinHeap ' A

def heapSort{myList):
nyHeap = BinHeap{} # Create an empty heap
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b) (5 points) De elmme the overall O() for your heap sort and briefly 3ust1f‘y_‘y”0_u nswer. Let n = len(my, 1st) 4
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