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B1 Algorithms (25 pls)

Complete any & of the following 7. If you de all 7, only the first 6 will be graded. Each part is worth 4
points. You get one poink for free,

a) State the solutions to each of the following recurrences using order of magnitude nofation:
Tin) = T(2n/3) +n
Tin) =2Tin/2) +n
T =2Tn/2) +1
Tin) =4Tin/2) + 1
Tin) =T(n/2) + 1
Tin) = Tisqrtin}) + 1

Useful fact: logy N = 1/{log, 2)
b} Describe quicksort, What is the worst case running time? Explain your answer,
) Give an algorithm for finding the median of a set of n numbers in linear worst case time,
d) Drefine binary search tree.
&) Name two methods of hash table collision resolution

f) What is amortized analysis? (be sure to name and describe at least two methods for performing such
analyses).

g] Give an example of dynamic programming. Provide enough details in your explanation that the
reader can understand that the example actually works.
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B2 Algorithms (25 pts)
Complete any 3 of the following 4. 1f you do all 4, only the first 3 will be graded. Each part is worth 8
points. You get one point for free.
a) Explain the iterative version of the FFT.
b} Suppose there was a matrix multiplication algorithm that multiplied two 4 by 4 matrices of integers
uging 23 integer multiplications and 100 integer additions.  Answer the following four questions.
1) Explain hiow to best use this algerithm to multiply twao n by n matrices of integers.
2) What would be the resulting recurrence?
3) What is the solution to that recurrence?

4) How many integer multiplications would the method use to multiply two 64 by 64 matrices?

) Answer the following thres questions.
1) Describe the varieties of PRAMs. Be sure to mention to include at least three CRCW models,

2) What is pointer jumping? Give an example of a parallel algorithm that uses pointer
jumping. Be complete in describing how the algorithm works.

3) Give an (§1) algorithm for finding the maximum of nintegers ona CRCW PRAM.  How
muich work does your algorithm use?

d} Answer the following three questions,

1) Define MNP-complete.

2) Minimization problems are aften known to be NP-hard, but not NP-complete. What is the
apparent problem that makes it tough to prove them NP-complete?

3) The problem of 35AT can be reduced to the problem of CLIQUE using the construction given
below. Prove that the construction is correct.

From an instance of 35AT consisting of k clauses, we construct the following undirected graph:

For each 35AT clause C; = (I, & [}, we construct three vertices v, ¥z, vip (these are in 1:1
carrespondence with the literals in the clause)

We place an edge between v, and v, i 1#] =amd-
I, i5 not the negation of |,

These are the only vertices and edges in the graph.

‘We claim that the graph contains a clique of stze k iff the instance of 35AT is satisfiable.

http://www.cis.udel.edu/~chester/prelims97/b2alg.ipg 23/12/2008



Page 1 of 1

B3 Algorithms (25 pts)

Minimum Spanning Trees. Answer all 7 parts, Each part is worth 3.5 points. You get (L5 points
for free,

Let F be & connected graph with positive weights on its edges. Let M be the subgraph whose
edges are the minimum weight edges from G, Thus the edges in A all have the same weight and
this weight is strictly less than the weight of any other edge in (7. The set of vertioes of M s the
sat of endpoints of these minimum weight edges,

a} Define a spanning forest in a graph, such as A, which may not be connected. Be precise,

b) Define a minimum spanning tree in a graph, such as 7, which is connected. Be precise,

¢] Show that every minimum spanning tree of ¢ contains at least one edge from M.

d) Show that each edge from M is contained in some minimum spanning tree of G,

e) Must every minimum spanning tree of & contain every edge from M? Prove or pive counterex-
ample.

f] Show that every minimum spanning tree of & contains a spanning forest of M.

gl Show that every spanning forest of M is contzined in a minimim spanning tres of 7,
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B4 Algorithms (25 pts)

Mergable Heaps. Answer all 5 parts.

a) (7 pts) Describe the diata stracture used m Binomial heaps.

b} {7 pts) Describe the data structure used in Fibonacei heaps,
c} (6 pts)

1

[

State the worst case asymptotic run time of a single fnserd operation on a Binomial heap of
size .

. State the worst case asymptotic run time of a single ingert operation on & Fibonacei heap of

slze 1.

. State the worst case asymptotic ron time of a single extrmet-minimum operation on & Binomial

heap of size n.

. State the worst case asymptotic run time of a single ertract-mingmum operation on a Fibonacei

heap of size n,

. State the worst case asymptotic run time of a single andon operation on & Binomial heap of

SiEe T

. State the worst case asymptotic run time of & single union operation on a Fibonace: heap of

gige L.

d (3 pts) State the asymptotic run time of the Fihonacel heaps operations (ineert, extract-menimum,
and union) as amortized over & sequence of n of the operations.

L.
2.
&

tnaerk
extrnck-minimaam:

UM

e (2 pts) Considering the total range of mergable heap operations, do Binomial heaps have any
advantage asymptotically over Fibonacel heaps?
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