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Recall the MergeSort algorithm:

Algorithm 3 MergeSort (A, start, stop)

1

2
3
e
5
&

if (start<stop) then
mid ¢ | dartistop)
MergeSort(A, start, mid)
MergeSort(A, mid+1, stop)
Merge(, start, mid, stop)
end if

14,

15.

(4 points) Suppose we change line 2 to mid « start. What would the consequences be?

A The algorithm would correctly sort the array A, but would take longer to do so.
8. The algorithm would terminate but would not correctly sort the array A

C. The algorithm would have an infinite recursion

D. The algorithm would cause an index-out-of bounds error

E. The algorithm would cause an internal melt-down of the computer's CPU

(4 points) Suppose we instead change line 2 to mid ¢~ stop. What would the consequences be?
A. The algorithm would correctly sort the array A, but would take longer to do so.

B. The algorithm would terminate but would not correctly sort the array A

C. The algorithm would have an infinite recursion
D. The algorithm would cause an index-out-of-bounds error

E. The algorithm would cause an internal melt-down of the computer's CPU
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sorted linked lst containing n nodes, each storng an integer. What is the

€ time of the fastest algorithm to find a node with a given value k7 S

o

Fibonacci sequence Fy, F}, ... defined in class:

F n ifn<1
g FaatFoy ifn>1

of times "Hello" will be printed when Fibonacci(n) is executed. For
ce for H(n).

ifn<1
+H@=1) ifn>1

e ifngl
Hn-1+1 ifn>1

fn<1




image9.jpeg
\

In assignment 4, you wrote a program to calculate the derivative of an algebraic expression rep-
resented by an ExpressionTree. The operations supported included "add", "mult", "minus?, etc.
Suppose we want to allow one more type of operations, called "inv", where inv(f(x)) = 1//(z).
Recall that £(1/f(z)) = — 7t - 4421, which we can write as:
mult( minus (0, inv (mult(f(x), f(x)). d f(x)/dbx).

Which lines of code complete the portion of code that would need to be added to the differentiate
method you implemented in order to handle this new type of operation?

class ExpressionTree (

2.

private String value;

Private ExpressionTree leftChild, rightChild, parent;

// constructor
ExpressionTree(string s, ExpressionTres 1,

ExpressionTree r, ExpressionTree p) {

value = s; leftchild = 1; rightChild = r; parent = pj

)

ExpressionTree getLeftChild() { return leftChild; )
ExpressionTree getRightChild() { return rightChild;

ExpressionTree ditferentiate() {

)

/+ Same beginning as in your assignment solution +/ [

)

i€ ( getvalue().equals(™inv®) ) { £
ExpressionTree multl, inv, minus, mult2; B
mUlED = new ExpressionTree("milt®, getLeftChild().deepCopy()), EXPRESSION #1,null);

inv - new ExpressionTree(inv", multl, null, null);

minus = new ExpressionTree( "minus”, EXPRESSION #2, inv);

mult2 - newExpressionTree ("mult®, minus, EXPRESSION #3)

return mule2;
)
(4 points) Which line correctly completes EXPRESSION #1?

W s B et
B. getRightChild() deepCopy()
C. deepCopy()

D. new ExpressionTree("0" null.null.null)

21. (4 points) Which line correctly completes EXPRESSION #2?
A null
B. inv.
C. new ExpressionTree("minus","0" jnv,null)
D. new ExpressionTree("0" null,null null)
Coure: COMP.250 Inroducionto ComputerScirce Page 10
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D. null
E- None of the 4oy,
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23, (& points) Which of the following data structures cannot easily be used to implement 3 Dictionary
Abstract Data Type?

A Hash table
B. Heap
C. Linked list
D. Unsorted array
E. Sorted array
2

®

(4 points) 1f you want to help your friend improve the Google page-rank of her webite (assuming
the page-rank calculation algorithm seen in class), you should:

A. Mention her name in your web page

B. Ask her to include in her web page terms that are frequently searched online, such as "weather"
A

C. Ask her to remove as many outgoing links as possible from her web page
D. Ask her to only provide links from her web page to highly authoritative web pages
E. Ask your other friends to have a link from their web pages to hers

. (4 points) Consider the 5-queen problem seen in class, which consists of placing 5 queens on a 5x5
3 5

<o that no two queens attack each other. Suppose that the backtracking algorithm seen
i class i used to find a solution, and that halfway through its execution, its current partial solution
s shown below. When the algorithm encounters ts first valid solution, which of the squares on the
last row will be occupied by a queen?

-
(0]

/s

%,
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(Consider the fllowing algorithm, which counts the number of duplicates in an arrray of n integers.

Algorithm § CountBupTicates (int AT, n)

I count 0

2 for i=0 to n2 do
3 for j=i+1ton-1do
& if (AT] = A[]) then
5 count « count + 1
6 end if
n
s
o

end for.
: end for
 return_count

- (4 points) What type of input array will yield the worst possible running time?
A. The array A is sorted in increasing order
B. The array A is sorted in decreasing order
C. All clements of A are identical
D. All lements of A ar distinct
E. None of the above
27. (4 points) In the worst-case, how many primite of
‘You may be able to answer this question witho
A. 550 +4.5n 4
B. Tn+17
C. 30+ 100% —8n + 2
D. 2% —35n + 1
E 12n+6

perations wil be performed by the algorithm. Hint:
ut working out the exact formula yourself.
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28. (4 points) If a binary number z consists of n 1's (eg. for n = 3, = (111)2), what is its value?
A2
B.2n-1
C. gl
5
E.2n—1

29 (4 points) Recallthe Longest Increaing Subsequence problem, which, given an array of integers,
2ims to find the largest subset of indices such that the array values at the selected positions appear
i strictly increasing order. A greedy algorithm for the problem would work as follows:

Algorithm 6 LongestincreasingSubsequence (int ATJ, nt )
1 LIS[o] < A[o] P
2 lengthLIS « 1 5
3: fori=1ton-1do
4 if (Af] > AflengthLIS - 1]) then ol B
5 LiS[lengthLS] « Afj] S
6 lengthLIS « lengthLIS + 1
end if

On which of the following input arrays will the algorithm fai to produce an optimal solution?
A A=[24678
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Supponsyou v a Dictionnay sioring e f e IS O I 38 Keys being dinc g
belon to compute the number of keys in the dictionary that are “trictly smaller than a given integer

estion and with k = 9, the
k. For example, when executed on the tree shown in the previous question
gt shauld retan 6. Assume that you have access to a method int size(treeNode n), which
returns the total number of nodes in the subtree rooted at n.

Algorithm 1 numberOfsmalerKeys(treeNlode n. in K]

1 if (n=nul) then
2 rewm0

3 end it )

4 (ngetVale() > K) then e
5 retum . LINE 1

o olso 4
7 rotum . LINE #2. E
o endif

5. (4 points) Which of the following lines should be used for LINE #17

numberOfSmallerkeys(n.getLeftChild(), k)

numberOfSmallerKeys(n getRightChild() k)

size(n getLeftChild()

size(n.getLeRChid() ) + numberOfSmallerKeys(n. getRightChild(), k)

None of the above

6. (4 points) Which of the following lines should be used for LINE #27

A numberOfSmallerKeys(n getLeRChid(), k)
umberOfSmalierKeys(n getRightChild(). k)

mon®>

points) If the algorithm is executed on a tree of height / containing n nodes, what will the
case running time of the algorthm be? Assume that the size method takes time O/(1).
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8. (4 points) Consider the graph shown below.

B
o () © h
= 0< {
© ® 2
©) ~
' a depth-first search is performed on the graph shown above, ‘starting at node A, which node will
be printed fast? Assume that the neighbors of a given node are considered in alphabetical order. ?

st search s performed on the same graph, starting at node A, which node
that the neighbors of  given node are considered in alphabetical order |
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Suppose you are given an undirected graph where each vertex v is assigned a color col(v). We say Vg o
that an edge between vertices u and v is bad if col(u) = col(u). Your task is to write an algorithm ~%,
to calculate numberOfBadEdges, the number of bad edges, in a graph by performing 2 depthfist A

search of the graph. Consider the slightly incorrect pseudocode below.

Algorithm 2 int CountBadEdges(vertex v)
1 v.setVisited(TRUE)
numberBad - 0

3: for all u in v.getNeighbors() do

4 if (col(u) = col(v)) then

5 numberBad ¢ numberBad + 1
6 endif
7
s
o

if (1 getVisited() = FALSE) then
numberBad « numberBad + CountBadEdges(u)
usetVisited (TRUE)

10 endif

11: end for

11. (4 points) The CountBadEdges algorithm is almost correct, but not quite. The number returned by
this algorithm will actually be

A. 2 * numberOfBadEdges
B. numberOfBadEdges / 2
C. numberOfBadEdges + 1
D. numberOfBadEdges - 1
E. total number of edges in the graph
12. (4 points) If f(n) is O(g(n)) and g(n) is O(h(n)), then which of the following statements must be
true?
1. f(n) s O(h(r))
2. h(n) is O ()
3. f(n) - g(n) is O(h(m)
4. f(n) - g(n) is O(h(n)")
A. 1and 2 only
B. 1and 3 only
C. 1 and 4 only
D. 2 and 3 only
E. 2 and 4 only

Coue: COMP.250 nroduction to Compter S Page 6 Pagemumber /16
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Consider the following recurrence:

() = 1 fn=0
2.T(n—1)+1 ifn>0

13. (4 points) Consider the explicit formula f(r) = 2" — 1. We want to prove by induction that /(n)
is the correct explicit formula for T(n), i.e. prove that T(n) = f(n) for all n > 0. Here is a proof
by induction, which is slightly incorrect. Can you find the errors?

Base case: Forn =0, 7(n) = T(0) = 1. f(n) = 2! —1=1. So T(0) = f(0).
Induction step: Assume that (k) = f(k) for some k = 0.
We want to prove that Tk + 1) = f(k + 1)

T(k+1) = 2((k+1) -1 =1 )
= 2f(k) +1 @
= 22 -1 +1 )]
= 24 0]
= fk+1) ®)

 Conclusion: T(n) = f(n) for all values of > 0.

“The proof above contains two errors. On what lines are they located?
Land 2
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