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Problem number (1) [20 Marks]

a) Verify that the derivative of the logistic function of an input, %, and an output, y, can he

: . dy
expressed in terms of its own output thus: E‘L = Y1~ ). [2 Marks]
ks

. : ’ & . LT
by A System output was collected using a sensor according to the function k= 5(1 - sm\g-:)};

1=0, where 4 and ¢ are the SEnsor output and the time, respectively, It is required to model
the svstem by approxXimating its output to be linear in the region 0<¢<3. If only the first
Tour {4) samples, with 1 Hz sam pling frequency, are available, find the system mode using
your knowledge about the ANN. [10 Mark:]

€) Design an ANN to model the logical NOR function of twa inputs. Then, implement and
draw its cor espending electronic circuit ano find the values of resisiors if the amplitude of

the power sugply voltage, Us, is 6 volts, {8 Marks]
Problem number 2y {22 Marks]

|
|
a) Derive the learning algorithm for a single non-linear adaptive Perceptron that can he used '
for the general function approximation problem without the shortcomings of the explicit [
expansion technique, Suggest a suitable nonlinear activation function. What condition must [
this activation function hold? [10 Marks]
b)
I} " Draw g sketch of a Biological Neuron showing its main parts,
If}  Hence, draw the corresponding labelled artificial MeCulloch-Pitts model.
I What do the following terms mean? {Please give short notes about their functions).

. Dendrites, if. Cell body,
ifi, Axon, iv. Synapse

[8 Marks]

€} What does it mean by local and global minima? When does this case emerge? Explaia with
the aid of graphs. |4 Marks]
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Froblem number (3) [20 Marks]

a) For a linear model of an ANN, derive the alporithm to find the weights vector that
minimizes the Mean-Squared-Errors (M3SE) when the inputs and output  ectors
(measuremen (s) are given. What condition must hold for this to be a valid solution?

[10 Marks)

b} Is it possible to model the logical Exclusive-OR function of two inputs with orly one
Perceptron? Why? Depending on your answer, design a two-input XOR function.

[10 Marks]
Froblem number (4) [23 Marks]
2) Draw and label 4 multi-layer Perceptron with a single hidden layer and a single output unit
and only write down jts Operational (feed-forward) equations, [3 Marks|

B) A twouinpu single-output system is governed by the equation z = 4 Xy +bx,, where x; and
xz are the inputs; ¢ and 5 are constant coefficients; and z is the model output, Train ¢ linear
ANN to find the instrument model using steepest-descent algorithm with learning rate of

[0 1 2 37T
0.8. The sumples of the inputs, output, and the initial weights are JI_ 0 1 o ?—IJ .
213 4, andp2 7" respectively.
Train the ANN using:
D) Batch-training algorithm (Calculate for only twe epochs). [10 Marks]
1) Online-training algorithm (Calculate for only one epoch). [10 Marls]

—~(With Best Wishes)-—

Course Examination Committee

Dr. Ahmed Nassef

Puge: 22




Department: Computer and Conteol Engineering . Faculty of
Total Marks: 70 M, arks Engineering

University™ \ ' '1:.___' T: =
ik et S i
Course Title: Digital Sigraj Frocessing Course Code: CCR3] la

Year; 3%

Date: January 28 2070 (First term) Allowed time: 3 hrs No. of Pages- {2}
q——__&____-h___ﬁ__w_____—______“_‘———-———-—__.________________
e e s B e el L e
Remarks: (Answer ti

12 following questions... yoy May Use z-transform table given in page 2)

——
= S

Problem number (1) (10Marks)

]

| a) For the followj 12 discrete-time system {4 Marks)
(1) = x*(n)
Check whether ihe system is
(i} Linear or nonlinear
(i)  Shift invariant or shift variant

b) Determine the energy of the following discrete-time signal (6 Marks)
r./ Al
il
o >
x(ny=4| 3 J =0
0 A< )
Froblem nuinber (2) (10 Marks)
' @) Find z-transfory and ROC for the following sequence (5 Marks)

1, for n =0 and even integers

I
A i.L—E for n=odd intcgers
b) Find the inverse Z-transform of (5 Marks)
X(z)=- EZ
7+
Problem numper (3) (15 Marks)
) Consider the di sCrete-time sequence x(n), (4 Marks)

1 ]

‘ .r(#e.]—{;,I,I,I,_E,EJL
sketch

(1) x(m) 1{n-2)

(ii} X(~rH1 Yau()

[I b) Determine the fange of values ‘g® and ‘5, for which the LTI system with iripulse
| response (5 Murks)

[ >()
H) ={ﬂ AE
18" n<0
is stabie,
Determine 4-point DFT of the following sequence (6 Marks)
x(n)= {%,2,1,2}
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Froblem number (4) (15 Marks)

j a) Compute the circular convolution of the following two scquences (3 Marks)
1';{?2):{%,1,2,]}: xz,{n):{_lr,ij,&i}

b) Obiain the 8-point FFT-DIT of the following sequence (6 Marks)
x(n) = {%,1,1,1,{},1,],1}

using radix-? algorithm. Follow exactly the corresponding signal flow graph ani
keep track of all the intermediate quantities by putting them on the diagram,

¢} Given the following transfer Tunction, (4 Marks)
0.5(z" - 1)

Hiz)=—
2) z2+1.32z+0.36

Draw
(1} Direct form-I structure.
(i) Parallel form structure via first order sections,

J' Problem number (5) (20 Marks)

a) Design an analog lowpass Butterworth filter with an acceptable passhand attenuation of -
2 4B at 20 rad:ans/second, The allenuation in the stopband should be more than 10 dB
bevond 30 radians/second. (10 Marks)

b) Design a highpass Butterworth filter of second order and cutoff frequency of 40 Hg,
{ then find the corre sponding digital filter using bilinear transformation with sampling
period T= 0,01 second. (10 Marks)

Y X(z) ]
b o(n) | l_ —l
uin) | z I
- O - el R
| a” | _Z_
L_.__.. . | - Z=a
| sin mn | zsin @ _|
| z'—2zcosm+1 |
I_ cﬁ{)s k) o I — 3] __|
| | z{z-sin @) |
b

z’-2zcosw+] |

|
[ | ]
|
|

Dr. Ali Tahoun
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Answer Four Questions:

{ The schematic diagram of a servomechanism is given in the figure shown
below. The system constanis are as follows:

Synchro sensitivity, Ks = | volt/deg.
Amplifier gain, &y = 20 vollivolt

Molor torgque constant, Ke = 107 N.mivolt

Load inertia, Iy, = 1 5xi0 a.m2
Viscous friction, fi = 1x10 7 Nm/rad/scc
Tachomeler consl., K, =0].2 voltrad/sce

“Motor inertia and friction are assumed Lo be negligible,

synchre 8; (G r rato
p —hg_j lﬂ e P f8.=1 and
JID; )T\, sewo 'T 1 énid
4p |]_ hlotor b ]
— o beed ™)
ke [ TR o Do o)
c 2 b2 Lot )
a.c, S : g | .
T
Tachometer

c:T % C}__-_. .-lffﬁr_.. i
G 1
5 o

Fig. 2

a) Find the value of £ assuming that the tachometer is disconnected. Determing
also the steady-state error corresponding 1o an input velocity o 1 radisec.

by Determing & when the tachometer is included as part of the system.

¢) The tachomcter is now removed and the amplifier is replaced by a
proportional Plus  integral amplifier whose output voltage s given by
V=K je+ K4 [cadf ", compare the steady-state behavior of the system with

{hat af, part (a).




2. a) The block diagram of a servomechanism is shown in ligure below.
Determine the value of system gain K and tachometer gain & so that lhe
maximum overshoot o a unit step response is 40 percent and peak time is 0.8
second.

R(s) _.._., K 5 G

LG

Fig.A

b) Consider a unity feedback system having an open-loop transfer function -

K
oL+ j02a@)(1 - 0. 5aw)
By the use of Nyquist stability criterion on the direct polar plot, determine:
(1) The gain margin “GM” and phase margin ” PM" for K=1.
(ii) The open-loop gain for a gain margin ol 20 db,
(i) The open-loop gain for a phase margin of 45°

G(jo) =

3. Diraw a rough sketch for the roat locus plot of a unity feedback system with an
open-loop transfer function:

3
(r(s)= . —
S5+ 25 +3)
a} find the range for values of K for which the system has damped oscillatory
response,
b) What is the greatest value of K which can be used before continuous
oscillations oceur.
c) Determine the frequency of continuous oscillations.
d) Find the value of K so that the dominant pair of complex poles ol the system
has & damping ratio of (1.5,

4. Draw Bode diagrams for the sytem with transfer function ;
Gs)- 1000Gs+2)
s(5+5)s2 £ 65+10)
Find the gain margin and phase margin,

5. The figure represents a plot for the log magnitude curve of a forward transfer
[unction e of a unity feedback system (the drawing is not to scale):

i) Find the system transfer function Gis)

ii} Tind the gain margin and phase margin.

i1} Is the closed loop system siable?.

iv) If an amplifier of gain K is added in cascade with the forward transfer
function found above, find the limiting value of K for a stable operation of
the system.




Amplitece in
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6. Consider a unity feedback system with an open-loop transter function ol

) K
G5} = - e
sla - Dis 4
The system is o be compensated according 1o lhe
specifications :

Damping ratio, e =S

Matural frequency, @, = 2 rad/sec.

[oHowing  desian

Diesign a suitable compensator for this system such that it achicves the above
design requirements .

- bl e
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Answer Four Questions:

1. The schemalic diagram of & servomechanism is given m the figure shown
helow, The system constants arc as tollows:

Synchro sensitivity, £ = 1 volt/deg.
Amplifier gain, K4 = 20 voltivolt

Motor torque constant, Ke = 107 N.m/voll

Load inerlia, Iy, = 1.5>c1f:.u'5 g.md
Viscous friction, 1. = 1107 Nm/radisec
Tachometer const., K = 1.2 voltfrad/sec

“Motor inertia and friction are assumed to be negligible.

synchro Cigar ratio
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a) Find the value of & assuming that the {achometer is disconnected. Dielerming
also the steady- =;1:.-Lte error corresponding to an input velocity af 1 radisec.

b) Determing £ ¢ when the tachometer is included as part of the system.

¢} The tachometer is now rtemoved and the amplifier 15 replaced by a
proportional Plus integral amplhifier w hose oulput voltage 15 given Dby

Vo= K qe+ Ky js*ﬁt , compare the sicady-stale behavior of the system with

that of, part (a)-




2. a) The block diagram of a servomechanism is shown in ligure below.
Determine Lthe value of system gain K and tachometer gain K, so that the
maximum overshoot to a unit step response is 40 percent and peal time is 0.8
second.

RE) —Io(B)— o K Cis)
Y, o

Fig.4

b} Consider a unity feedback system having an open-loop transfer Tunction :

K
fer(l+ j02a W] + 70.5w)
By the usc of Nyquist stabilily criterion on the direct polar plot, determine:
(i) The gain margin “GM™ and phase margin " PM" for K=1.
(i1) The open-loop gain for a gain margin of 20 db.
(iii) The open-loop gain for a phase margin of 45°

Gljm) =

3. Draw a rough sketch [or the root locus plot of a unity [eedback system with an
apen-loop (ransfer function:

Gl)=——_ K
S5 +2)(5+5)
a) find the range for values of K for which the system has damped oscillatory
IeSponse.

by What is the greatest value of K which can be used hefore continuous
nscillations oceur.

¢) Determine the [requency of conlinuous oscillations.

d) Find the value of K so that the dominant pair of complex poles ol the system
has a damping ratio of 0.5,

4. Draw Bode diagrams for the sytem with transfer function -
G5 = iGDDj(.&' £2)
S(5+5)s2+65110)
Find the gain margin and phase margin.

5. The figure represents a plol for the log magnitude curve of a forward transfer
function sue of a unity feedback system (the drawing is not Lo scale):

1) Find the system transfer function G(s)

i} Tind the gain margin and phase margin.

iii) Is the closed loop system stable?.

iv) 1fan amplifier of gain I is added in cascade with the forward transfer
function found above, find the limiting value of K for a stable operation of
the system,
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. Consider a unily feedback system with an open-loop transter tunction of]

1 ©
(_1{5) P ——
s{e+ (s +4)
The system is fo be compensated according (o the Tollowing  design
specitications :
Damping ratio, g =05
Matural frequency, @, =2 rad/sec.

Design a suitable compensator for this system such that it achicves the above
design requirements .
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Answer all the following questions:

Question No. 1 {17 marks)

VLI S b il

{a) If A and B are independent events . prove that A and B® are independent,
{b) Let A and B bz events with P{A) =1/3, B(B) = 1/2 and PA~BI=1/4.
lind :-P(AIB] L 3-P(BIA) | iii-P(AU B) , iv- PAABY) , v P(BEIAY)

L b Y

(e} I X be a continuous random variahle with the probability

Pxi= x/4 D<x<4 » and zero elsewhere

Iind the cumulative distribution function, mean, variance, and standard deviation of X,

bl S M kLl

{}Given a and b are constants , fird with prove - E(a) =7 ii— Var(aX + b)="29

where X s a continuous ranicdlom variable.

Ruestion No., 2 _ (17 marks)

i {a) Three light buibs are chosen at random from 20 bulbs of which 5 are defective, Find tha
probability that ; i- exactly one is defective, - none is defective,

iii- al least one is defective iIv- at most one is defective.

e
.

o
e

Let X be a continuous random variable with cistribution

| Hx)= x/4+k if 0<x=4 and f{(x) equals zero elsewhere.

i Sketch the graph of f{x) and thus - Evaluatek  ii- Find Pl Xz

Ei (¢} A pair of fair dice is tossed. Tet ¥ A3Signs to the sum of dices numbers, Calculate the

i: meait. varianiee acd standard deviation of X

{d} Let X be a random varighle with the binomial distribution bk:n,p).

5] Prove that E(C{) = np,
i
:I Question No. 3 (18 marks)

i (a) A fair die is tossed, Let ¥ denotes twice the number appearing, and let Y denote | or 4

according as an odd or an even num ber appears. Find the probhability, expectation, varan e |

and standard deviation of

: XY i XY e XY
I el _ —

=4

Stochastic Processes(CCE3117 i3 vear Computers : (Page 1of 2, 4.2, 90 i
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(b) A com nuﬂhr,d a0 that P(H) =1/3 and P(T) = 2/3 js tossed until a head or four tails oo ur.

Find the ected mimber of tosses of the coin.

j does oceur?
(d) Let X be a random variable with the binomijal distribution blk:n,p).

Prove that E(3) = ap.

Question No, 4 _ (18 marks)

{a) Detennine the expreted number of bovs in a feamily with 8 children | assumine the sex
I - =

distribution 1o be tqually probanle. What is the probability that the expected number of
boys does ocenr?

(b} Suppose the d ameters of bolts manafactured by a company are normally distributed
with mean (.23 inches and standard deviation 0,02 inches, A balt is considered
delective if its diameter ig =0.20 inches or 0.28 inches, F ind the percentage of defectivs
bolts manufaciured by the company,

(b) Suppose the hei ghis of 1000 male students are normaly distributed with mean 175
centemeters and standard deviation 20 centemeoters,

Find the numbar of students with heights:

i- less than or = qual o 130 centemerers, i1- between 150 and 160 centemcters,
1ii- between 170 and 180 centemeters iv- greater than or equal to 200 centemete; g

-?--"-w_“__ S S T £ P _-E__-_wh_'—'—"_‘—'ﬂ'—-_r'_'-_-_______'—‘—u—-—_‘hﬁ-—-_‘_'_;
Best wishes Dr. Exg. Hnoyed Satlam

s A B E —'\.—-_"_|_'\_—""_|_|_-'\—_\_\_ —_—
———— e

Stochastic Processese CE3117, 3" year Computers (Page 1of 2, 4.2 20] ()

{c) Jezre:_rmma the: exoected number of boys in a family with g children, ATZUMIng th: sox

distribution to he tqually probable, What is the probability that the expected number of ho s

", e
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Code : CCE 3112

Answer the following four questions. Time allowed : 3 hours,

uestion 1 (22 Marks
(a) What is relationa| aigebra? Discuss three of its main operators.
(b) Show, through an illustrative example, that the natura] Jjoin can be simulated
using renaming, equi-joining, and projection.
(¢} Consider a relation EMPT. OYEES given as :
EMPLOYEES
[ RegNum | Name | Age ] Sala |
L 201 TMona Hamdy | 34 ]_
33

| 203 | Mona Fawzy 5
L_ 200 T AmeKhall 35— |

— .

205 | Ihab Zohdy _! 44 | 38
SI{} cdhaLAI}f 49 | 60
L 331 i_‘-amlr El-Khouly _i!_ 60 1
L 352 " [ihabZohdy & T ]

401 | Samir Nassar _ 134 ] 70
[_ 4?"?_]M0na,Ham_3 | 50 | GSJ

where the attribute Salary gives the employee's salary per year in thousands of
Egyptian pounds. Show that -

i} O age > 40 A Salary < 60 (EMPLOYEES)
= 0. Age = 4d {:U Salary = 60 {EMPLDYEE&})
= U age=40 (EMPLOYEES) ) o salry <60 (EMPLOYEES)
1y Tage > 40 A~ (Salary < 609 {LMPLOYEES)
=0 apenan [ EMPLOYFE'-?.) T Setary < g0 (EMPLD?EES)

Question 2 (22 Marks)

Consider the relation EMPLOYEES of Ques.l, wpart(c), and a relation
SUPERVISORS given as :

SUPERVISORS
Head | En Employee |

10 [ 201
[ 310 |

31{::_L__m3 +
| 310 (204
331 | 205

— 0] 310 'T
’_4(}1_[ 331 |

Determine the final result of cach of the following expressions, indicating the results
of the intermediate steps :




(@) T RegNum, Neme, age ( O sutary ~ 40 (EMPLOYEES))
(b) m Head (SUPER‘UISDRS Mﬁmplnyee = RegNum (‘D' Salary =40 [E?&"IPLDYEES})J

{U) i Mamed, Salarys (P BegMums, Namss, AgeS, Salary¥ - Feghlum, Nume, Age, Salary (EMPLDYEES}
BegMums = Head (SL;PER\'{ISOIES Mﬂmpinm = Reghlum (U Safary = 40
(EMPLOYEES))))

Question 3 (23 Marks)

Consider the two relations EMPLOYEES and SUPERVISORS of Ques.2. Write a
relational-algebra expression and determine the final result for each of the following
queries ;
(2} Find the emplovees caming more than their respective supervisors, indicating
registration numbers, names, and salaries of the employess and supervisors.
(b} Find the registration numbers and names of the supervisors whose employees
all earn more than 40 thousand.
{c) Find the registration numbers and names of the supervisors whose employees
all eam less than 40 thousand.

Question 4 (23 Marks)
{(a) What does the acronym SQI. stand for ?
(b) Discuss four of the elementary-domain families provided by SQL .
(¢) Consider the relation EMPLOYEES of Ques.1, part(c), Write SQL
instructions for the following queries, indicating the final result in each case :

i} Find the names of the employees whose age exceeds 45 vears,

ii) Find the registration numbers and salaries of the employees whose age is
less than 45 years. Rename the attribute Salary as Income,

iii) Find the registration numbers and names of the employees whose age
excceds 45 years and whose salary is less than 40 thousand,

v) Find the registration numbers and names of the employees whose age
exceeds 45 years or whose salary is less than 40 thousand.

V) Find all information relating to the employees whose names have a ' v'as
the last letter,

Prof. Dr, Mahmoud M, Fahmy
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