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1 . Given two polynomials f(x,y)= ZZayx‘y" and g(x,y)= ZZby.x‘y’ . Let

=0 j=0 /=0 j=0

k be the maximum of number of nonzero a p ’s and number of nonzero by ’s.

Please answer each of the following questions (all of A, B, and C) by
no more than one page. A solution spends more than one page will get
zero point.

A. 10 points.
Please design a space complexity efficient algorithm to construct the f(x,y)

where & =0®(n) and specify the space complexity and time complexity of your
design. (You can reference any known algorithm in your design without details, for
instance, just say “use quicksort to sort ...... ” instead of describing what quicksort
doing)

B. 10 points.

Please design a space complexity efficient algorithm to construct the f(x,y)
where k =®(n*) and specify the space complexity and time complexity of your
design. (You can reference any known algorithm in your design without details, for
instance, just say “use quicksort to sort ...... ” instead of describing what quicksort
doing)

C. S5 points.

Please given an efficient algorithm for computing f(x,y)+ g(x,y) by using
your solution in either a or b and specify the time complexity of your algorithm. (You
can reference any known algorithm in your design without details, for instance, just
say “use quicksort to sort ...... ” instead of describing what quicksort doing)
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A. Heap sort and merge sort all take O(n log n) time to sort » numbers. Quick sort
is the fastest sorting algorithm. It has O(n log ») average performance to sort
numbers. Since they all use comparison operation to sort, the lower bound for
any comparison sort algorithm is Q(»n log n) .

&

The correctness of the radix sort is based on the fact that counting sort is stable.

O

Given a graph G=(V,E), | V] and |E| are respectively the number of vertices and
edges in G. If the graph is stored in an adjacency matrix, depth first search of
the graph takes O(|V]+|E]) time.

D. Breadth first search a graph G=(V,E) results a breadth first search tree, 7. From
T and the back edges (those edges in G but not in 7), we can compute the
articulation points and then determine the biconnected components.

E. Given a undirected graph G=(V.E), where V={4, B, C, D, E, F, G, H, I}, and

E={(4,B), (4,C), (B,C), (B.D), (C,D), (D,E), (D,F), (E.F), (C.G), (G.H), (G,]),

(H,D)}. The subgraph G'=(V',E")in G, V'’={4, B, C}, E'={(4,B), (4,C), (B,C)}

is a biconnected component in G.

T 5w (A-D)BHEFEME, wE—, FAWY, KB

A. ©(n)and O(n) actually are set of functions. But we often say ©®(n)+O0(n).
Which one is the best to present the result of the addition?
B~ Q)
Z ~ On)
A~ 8(n)
T ~o(n)




ArX@REPBLERALHEAESRAAE

#8465 FHEAA0D AR 93 F4A17T8 F 1 5

RATHER - BWMAE A a7 ¥4 . % 2 B3k D R
K AVEBAT, AR X524 (RE) A tzamasitRsa RERH!!

B. Minimum spanning tree of a weighted graph can be solved by using the
Kruskal’s algorithm. Given a weighted graph G=(V,E), there are |V] vertices
and |E| edges. % i 443 09 4L
FH ~ Kruskal’s algorithm is a greedy approach, i.e., we iteratively select the least

weight edge and test if the edge can be a tree edge.

Z ~ To select the least weight edge can be implemented by using a heap or
presorting the edges by their weights. Using a heap could be more
efficient than presorting the edges.

A ~ To test whether a selected edge is a tree edge, we can use the Union-Find
algorithm. The testing takes O(| V' | a(m, n)) time, where a(m,n) is the
inverse of the Ackermann’s function.

T~ There could be many spanning trees that are all minimum spanning tree in
G.

C. Considering quick sort n numbers, & # 48 3% 69 80k
H ~ Quick sort has O(#n log n) average performance.

Z ~ Quick sort has worst case O(n”) performance.

A ~ We can use a random number generator to improve the performance of
Quick sort, we then have the worst case performance O(n log n) .

]~ The best case performance of quick sort is ®@(nlog n).

D. Divide and conquer, £ 443269403
FH ~ We can solve a problem by 1. dividing the problem into two sub-problems

of equal size, 2. solving the two sub-problems recursively, 3. merging the
solutions to the two sub-problems to get the solution to the original
problem.

Z ~ Let the total time to solve the problem be 7(n). T(n) = 21(n/2) + f(n)
where f{n) is the time required for dividing the problem and merging the
solutions.

i ~ If f(n) = O(n?), thenT(n) = O(n* log n).

T~ When we divide the problem into two sub-problems, if we cannot divide it
into equal size, but we can make sure the size of the sub-problem is always
between 1/3 and 2/3 of the original size, the total time (7(#n)) required is the
same as equally dividing the problem.
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A.  Given a complete binary tree in array representation:
314652
which binary tree below is not one of the intermediate trees present during
“heapification” (i.e. when turning the original tree into a max heap)?
BH+-634152
226354132
N-~413652
S 5364152
B. Following the previous question, which one below is not among the intermediate
trees during heap sort:
BH+~524136
Z:i~234156
A~132456
1 ~213456
JX-452136
C. Consider the min-max heap in array representation:
1 12 9 7 2 3 5 1041128 6 3
which node exchange below results in a non-min-max heap?

BH.7-8

D. Consider the deap below in array representation:
1. 11 4 2§ 10 5 63 9 7
which one below is not among the intermediate trees present during min deletion?

Hs x 11 4 2 316 5 6 -3 9 7
Z~ 2 1 4 x 3 10 5853 9 7
Ay . 2 11 4 32810 576 & 9 7
T=. 2t 4 3-8 1905 & 78
%~ 2 11 4 3 8 7 5 6 10 9
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E. Given two min-binomial heaps (B-heaps) each represented as a sequence of
heaps represented in array representation:
1 568
47 23
Which one below is not among the intermediate B-heaps during a heap combine
operation followed by a sequence of min deletion operations?
B 1 '
47
568
23
Z» 47
568
23
A 45768
23
e 568
2437
B~ 3
45768
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A. Which of the following statements for binary tree are correct?
(a) The max. number of nodes on level h of a binary tree are 20, h>=1.
(b) In worst case a skewed tree of depth k requires 21 spaces.
(c) For complete binary trees, array representation wastes no space.
(d) For skewed tree less than half the array is utilized.
The answers are () a,c (Z)b,d(R)a,b,c (T )a,b,c,d.

B. Which of the following statements are correct for selection trees?

(a) The tree has to be restructured each time a record is merged into the
output file.

(b) The time to restructure the selection tree for k ordered sequences is
O(logk).

(¢) The time required to set up the selection tree the first time is O(k)

(d) The total time needed to merge the k runs of n records is O(nlogk) for
selection trees.

The answers are (fH) a,c (Z)b,d (H)a,b,c(T)a,b,c,d.
C. Which of the following statements are correct for static hashing?

(a) In worst case performance for hashing an insertion in a hash table with n
identifiers may take O(n) times.

(b) For static hashing, if no overflows occur, the time required to enter, delete,
or search for identifiers is O(1).

(c) For static hashing overflow handling with linear open addressing may
create clusters of identifiers.

(d) Let a=n/b be the loading density of a hash table using a uniform hash
function f. then the expected number of identifier comparisons will be
approximate to be a for rehashing when a search is made for identifier
not in the hash table.

The answers are () a,c (Z)b,d (R)a,b,c(J)a,b,c,d.
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D. Which of the following statements are correct for directory dynamic hashing?
(a) It may double the directory size when a page overflows
(b) It guarantees only one disk access for retrieving any page.
(c¢) Using a directory to represent a trie allows the table of identifiers to grow
and shrink dynamically.
(d) The space utilization should be at most 50%.
The answers are (FH) a, ¢ (Z)b,d(N) a,b,c (] ) a,b,c,d.
E. Which of the following statements are correct?
(a) There are four links to be reconnected by using an LR rotation to
construct an AVL tree.
(b) In the case of n-node AVL trees the worst case insertion time is O(log n).
(c) for 2-3 tree an individual rotation or combine operation takes O(1) time.
(d) Both deletion from or insertion into a 2-3 tree with n elements take
O(logn) time.
The answers are (Fl) a,c (Z) b,d(H)a,b,c(])a,b,c,d.

6. (9%) Show your hash table, containing 7 buckets and each bucket containing at
most 2 records, after storing 6, 8, 27, 25, 112, 13, 10, 12, 9, 26, if the hashing
function is based on division (show your hashing function) and the overflow
handling is linear open addressing.




