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Answer the following questions

First : Obiectivéqnestions : (20 marks)

Among the following statements mark the true and false ones with (\/) and (X) respectively. Justify
your answer for ONLY TWO of them : '
(a) In a metric space X, for any set A = X we always have A = A, ( )

(b) A complete metric space is a Banach SPace: ..coeiserswisss sasvvasossossnsssssassuissssosssssssionsnsensssss ()
(c) Any subspace of a Banach space is also a Banach space. .......ccocevviuviiniiininiiniiiinninnninn, ()
(d) The sequence (K/—) belongs to the space E ........................................ N ()
(e)1r A= {Xl,xz,x3,x4,x5-,x6}g€ , it follows that the linear hull H(A) is separable. .......ccoeeee( )
() For any normed space E over K, the space L( £7,E)isa Banach space. .........oiiiiniiii ()
(2)A normed space E that is lmearly isometric to a Banach space F, is itself Banach SPRACE: weverpvesmessl. )
(h) For any normed space E over K, the dual space E" is a Banach space. . ( )
(i) Every linear transformation S: K> — ¢ is continuous on R%. .............. L sabis s s ()
(j) If E is a normed space over K, then any two norms defined on E are equnvalent i ——

Second : Subjective questions (26 marks each)

[2] a. Define: a metric space - the space ¢’ (4 marks)

Letp>1,q=p/(p — 1). Prove that if (o) e £ ,(B,) € £9, then the series Za"Bn is absolutely

: : o (0 % &) % -
convergent ; and > 'an Bnl < { ¥ lan|p] . [ > IBn |qJ ; (10 marks)
- n=1 n=l n=1 : _
b. Show that a convergent sequence in a metric space has a unique limit, (6 marks)
[3] ] a. Define : a separable space. (2 marks)
( 8 marks)

Show that the space £P is separable (p=1). ~
b.Let E,F be normed spaces ayer K, E # {0}, and let T :E—F be a linear mapping of E onto F,

Prove that that T is 1-1 and T"' is bounded if and only if there exists a constant m > 0 such that-

[Tx|=m ,for all x e E with|x]|=1. ( 10 marks)
[4] a. Consider the mapping T: R* - R® , T(a,b) = (2a+b,a-2b,b) for all (a,b) eR?
Show that T is a bounded linear transformation on R? and then find ” T “ (9 marks)

b. Let E,F be normed spaces over K and suppose that E is finite-dimensional. Prove that ;
(i) E is a Banach space,, and (ii) every linear transformation T: E—F is continuous on E,
' ~ (3+8 marks)

Best wishes. . Ever
- Samix Kassem
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ANSWER the following FOUR Questions. NO MARKS without listing all steps.

Question I [WMarks 15]
A. [5.0 Marks] What is big-O for the following loops (list all steps)
for (inti=0,i<=n, i++)
for (intj =0, j <= n, j++)
for (intk=0, k<= i, fe++)
suntt;

B. [5.0 Marks] Solve the following recurrence relation using recursion tree method:
T(n) =21(n/2) + c.n where 7(1) =c

C.[5 0 Marks] Discuss whether Master table could solve 7(n)=T(n—1)+7, T(1)=4 or not.

Question 2 [Marks 20]
A. [10.0 Matks 5.0+5.0] Write Quick-Sort algouthm? Analyze its complexity in the best case

scenario.

B. [4.0 Marks]Apply Quick-Sort sort algorithm to sort the following set of integers in increasing
order: 12, 5,17, 4, 6, 11, 10, 20, 5.

C. [3.0 Marks=1.0+2.0] Is Quick-Sort NP-problem? WHY?

D. [3.0 Marks=1.0+2.0] Is Insertion-Sort better than Heap-Sort? WHY?

Question 3 [Marks 15]
A. [3.0 Marks] What is Data Compression?

B. [5.0 Marks]Write Huffiman codes algorithm to encode a text file.
~ C. [5.0 Marks] Analyze the complexity of Huffman codes algorithm.
D. [2.0 Marks] What is the type of design used in Huffman codes algor 1thm?

Question 4 [Marks 10 =7+3]
Write an efficient algorithm to find the med1an of an unsorted set of n integer numbers. For

example: if the set of numbers is 5, 3, 4, 7, 9, 20, 4, 13, 12 then the median is 7. What is the time

complexity of your algorithm?

With my best wishes
Dr. Samir gfmoy]
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Answer the following questions
Q1: ( 27 marks)
(a) Construct one way analysis of variance table and test the hypothesis
Hy: g = pp = uz = py , at level of significance a = 0. 05, for the following

observations
Treatment Observations
A 7 110 9 8 10 |10
B 516 4 8 7 6
C 819 10 6 3 6
D 516 4 3 7 5

(b)If H, is rejected, use Scheffe's test to compare between four population means.
(c ) Compare between the two groups of treatments ( A, B, C) versus ( D) using
the contrast w = pyy + py + p3 — 3.

02: 27 marks)

For the observations in the following table
treatments ~ observations
A 4 17 6- |3
B 7 |8 6 6 |5 |4
C 5 |6 7 '

(a) Test the hypothesis that Hy: u; = u, = ps at level of significance <= 0.05 .
(b) Test the homogeneity of variances at level of significance «= 0.01 .
03: (26 marks)
Suppose that we are interested in the ylelds of 3 varieties A, B and C of wheat usmg
4 different fertilizers, planted in 12 randomly selected pieces of land with the same
fertility assumption, production was, as in the following table. The yields for the three
varieties of wheat measured in 100 kg

Fertilizers }
Wheat I II 11T v
A 70 |56 |51 61
B 66 |60 |55 60
C 77 |67 |59 65

(a) Are there any differences between the impact of different types of fertilizers
(b) Are there any differences between the productions of different types of wheat?
[Use a = 0.05].
Note that: ;

b5(0.01,4) = 0.3165 , b3(0.01,6) = 0.5149 , b5(0.01,3) = 0.1672
s fo0.05(2,10) = 4.10, f505(1,20) =4.35, f,05(3,20) = 3.10,

fo.05(2,6) = 5.14, f405(3,6) = 4.76.
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Answer the following five questions: Mark

| '1- a- Find the number of edges (or arcs) l E(G) | of the graph G of each of:

(i) G isa disconnected graph with n vertices and maximal number of edges. (2 points)

(ii) A simple graph with n vertices and maximal number of edges. (2 points)

(iii) A simple graph G with 4 components, 10 vertices, and (2 points)
having a maximal number of edges.

(iv) G is a bipartite graph with 2n vertices having a maximal (2 points)
number of edges .

(v) G is a simple graph having maximum number of edges, (2 points)

2n vertices and no triangles.

b- Give an example of each of: (mention the reason (briefly)) :

(i) Two non-isomorphic simple gréphs with 4 vertices and 4 edges. (2points)
(ii) A regular graph of order 2 with two components. (2 points)
(iii). A maximal planar graph with 5 vertices. (2 points)
(iv) Give an example of amnonplanar graph with 7 vertices. (2 points)
(v) An adjacency matrix of a graph with 4 vertices and 4 edges. (2 points)
2- Prove each of : *
(i) Any connected finite graph G without circuits must have at least (5 points)
one vertices of degree 1 .
(ii) If there is a direct circuit in a digraph, then there is a direct cycle (5 points)
(iii ) The two graphs Ks and K33 are not planar. (5 points)
(iv) If G be asimple graph with n vertices and k components, then (5 points)
n—k< |EG)| <" .
3- a- Let G be a connected graph. Show that: » ‘ (8 points)
Gisatee = |E@)|=116)]-1
b- Give the definition of the isomorphism between two simple graphs. (12 points)

And give two non-isomorphic graphs with 7 vertices satisfying:
deg v, = deg v, = 1, deg vy = deg v, = deg vs = 2, and deg vs = deg v, = 4.

4- a- IfGisagraphwithdegv =2 forallv € V(G), (6 points)
then each component G; has a cycle .
b- Let G be a plane graph with, n vertices , m edges and r regions. (7 points)
Mention and prove Euler formula for plane graphs?
c- Define what is rooted tree ? Let T = (V, E) be a rooted tree with root v,. (7 points)

Prove that indeg v =1 for all v € V —v,. And prove that T has no semi-cycles.

Examiner : Dr. Magdi H. Armanious ‘ Full Mark: 80 points
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Answer the following questions:

[Q1] a- Let the causal process for a time series {Xt } , t€Z be given by .

X, -0, X, -0, X, ,=2,+0Z,_, where{z,} ~wN(0, &*).
i) Write down the operator form of this process. Under what conditions would »
this be an ARMA(2, 1) process? ; (4 marks)

ii) Obtain the linear process form of this time series when ¢, =0.8,¢,=0.1and 6=0.3
(11 marks)
b- Consider the time series model X, =m,+ Y, , where pg, is a polynomial trend of

degree three and ¥, denotes the random noise component. Find a five point filter

{(lj}j=_2,m,2 (15 marks)

[Q2]a- Find the invertible representation of MA(1) process given by X, = Z,+ 07,1,

where {z,}~WN(0, o?) . (10 marks)
b- Explain how the operators V and V, can be used to remove the trend and

seasonality from the time series {Xt } ,teZ (10 marks)

¢- Define 1) ARMA( p, q) process ‘2) white noise process 3 )'random walk

4) q- correlated time series 5) symmetric two sided moving average (10 marks)

/

[Q3]a- Define stationary and strictly stationary processes and show that stationarity .
does not imply strict stationarity. (10 marks)

b- Find p(k) of the causal proéess X,-07X,4+01X, ,=27, (10 marks)

Best wishes Dr. Faten Shiha
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1)

i) Solve the following stochastic equ'ation‘dX=_ert+stw, ‘where 1,8
are positive constants. Use it to explain the disappearance of some
types of fish. '

- ii) Solve the colonel Blotto S game Comment on its real application.

2)

- [27 marks]

i) Explain the epsilon constraint method to solve ‘multi-objective
optimization problem. Apply it to the following problem:
min fl=x-y, 2=2y-x, 3>x,y>0 .

ii) Solve TSP with the following matrix [* 456, 3*45, 98*3, 969*]
Discuss metaheuusuc optimization.
[26 marks]

i) Why fractals are abundant in nature. Derive the fractal dimension of
the Cantor set.

. ii) Study SIS model on a static graph. Why do we need SWN.

- iii) Comment on the need for nétwo(ﬂ(s to study either cascade failure |

in power systems or economy.
' ' [27 marks]



