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baHK OLIEeHOYHBIX CPEACTB

1. IlepeyeHb BONPOCOB BXOJHOT0 KOHTPOJISA 3HAHUM

Quiz 1 — True/False Questions
Please circle your answer to the following questions.
1). A single stream can be used as both an input stream and an output stream at the same time.
True False
2). There can be several catch blocks in a single try/catch structure. True False
3). A method can throw more than one type of Exception. True False
4). In Java, a class can extend any number of abstract classes and an abstract class can have
any number of subclasses. True False
5). Protected data members cannot be accessed by other classes in the same package. True
False
6). A final method cannot be overridden. True False
7). An event listener can be registered with more than one event source to receive
notifications about specific types of events. True False
8). Strings are immutable (implicitly final) in Java. True False
9). When writing objects to file using ObjectOutputStream, the objects cannot have methods.
True False
10). A variable declared inside a “for” loop can be referenced outside the loop. True False

Quiz 2 Choosing Questions

1. You have been hired by a company that makes spacecraft that will travel to Mars. They want
you to design a program to perform calculations to assist the spacecraft’s pilots.
Some of the quantities of interest include the distance between Earth and Mars, which can
vary from 56x106 kilometers to 401x106 kilometers, and the angles that describe each
planet’s inclination: 0 to 7 degrees. The inclination quantities require 10 significant digits.
Your program will need to handle both quantities with a single data type. You will use two
variables, one for each quantity.

Which of the following data types can handle both the distance and angular quantities and
requires the lowest number of bits to store the variable? Circle the correct answer:

a. int

b. double

c. float

d. short

2. To conserve rocket fuel, the company directs its pilots to stay in Earth’s orbit until Mars is in
the best possible position. The program must evaluate the distance between the Earth and
Mars over a 100-day period and tell the pilot which day will give the shortest distance between
Earth and Mars.

Which type of control statement, alone, is best for computing each distance over all 100 days?
Circle the correct answer:

a. if-else
b. for

c. continue
d. return

3. Which data structure d is used in the following two operations (add() and remove())?
4



Please circle your answer:
a. Stack
b. Queue
c. Array
d. ArrayList

d.add(3) d.remove()

1

- )
o

[ R]
o

3

4. Many operations can be performed faster on sorted than on unsorted data. For which of the
following operations is this the case? We do not count the sorting operation cost. Circle the
ones which can perform faster on sorted data.

a. Finding the minimum value in the data

b. Computing an average of values

c. Finding the middle value (the median)

d. Finding the range of the data (maximum — minimum).

5. During your visit to the doctor, a test is ordered to determine whether or not you have a certain
disease. The test result is positive with probability 0.95 if you have the disease and 0.025 if
you do not. The incidence of the disease in the general population is 1 in 10,000.

a. If the test comes back positive what is the probability that you have the disease?

b. If it comes back negative what is the probability that you do not have the disease?

c. If a is the probability of a positive test result when you have the disease and 1 — a is
probability of a positive test result when you do not have the disease, what is the smallest
value of a such that a positive test indicates a 0.95 probability of having the disease?

Quiz 3 — Matrices
1. Recall class Matrix, as presented in lecture:

public class Matrix {
private double[][] data;
public Matrix(int m, int n) {
data = new double[m][n];

}

public int getNumRows() {
return data.length;

}

public int getNumCols() {
return data[0].length;

}

public double getElement(int i, int j) {
return data[i][j];

}

/I And many other methods
} // End of Matrix class

2. A tridiagonal matrix has nonzero elements only in the main diagonal, the first diagonal
below it, and the first diagonal above it:



Write a method in class Matrix to check if the matrix is tridiagonal. All elements in the main
diagonal and those immediately above and below it must be nonzero. All other elements must
be zero. Use a tolerance of 10-15 to check if an element is zero or not. Assume the matrix is

0 0
ap, :
ay, Oy
a3  dsy 0
nn—:.n—l
O an—l.n—! an—l.n—l i

square; you do not have to check.

public boolean isTridiagonal() {

Quiz 4 - Access

Two classes are given below. Class Student is in the package studentPKG, while class
StudentTest is in the default package. Lines are labeled 1 through 28 in class Student and A

through K in class StudentTest.

[== T I N B VIR SU I

package studentPKG;

public class Student {

int year:

private String name;

private int studentID;
public static int count = 0;

public Student (String name, int studentID) {

void
void

}

this.name=name;
this.year = 07
setID(studentID);
++count;

setID(int 5ID){ studentID=5ID:; }

setID(Student student) {
studentID=student.studentID;

int getID(){ return studentID:}

public static void setCount (int o) {

count = c;

WO H TG e E O W

Indicate whether the following lines compile. You may assume the logic is correct in any line
that compiles. If a line does not compile, explain how you would fix the problem by modifying
and/or adding code. Do not make changes to the code on page 4; write down your changes in
the table below. Indicate the number(s) and/or letter(s) of the line(s) you modify. Use empty
line number(s) and/letter(s) to indicate where you add code. If you add code where there is no
blank line, give the line number after which to insert the code. You may not make any instance

import studentPKG.Student;

public class StudentTest |
public static void main(String[] args){

H

Student newStudent=new Student ("™, 12);
int snumber=newStudent.getID();
newstudent.name="Jason Brine";

int year = newStudent.year;

int count = Student.count;
Student.setCount (10000);

data member public.



Line Does the line If the line does not compile, how would you fix the
compile? prablem?
13 YES NO
14 YES NO
20 YES NO
26 YES NO
E YES NO
F YES NO
G YES NO
H YES NO
YES NO
J YES NO

Quiz 5 — Streams

You are given a text file (registration.txt) that contains lines of pairs of student IDs and course
names.

2381, 1.001

1812, 8.01T

1812, 1.00

2381, 18.06

9091, 1.204

1230, 1.264

9279, 8.01T

Each line represents a separate instance of a student registration for a particular course. The
course is a String; the student ID is an int. The delimiter is a comma. You do not know the
length of the file before you read all of it.

You are to write a program that:

1. reads the file,

2. counts the number of students registered in each course, and

3. prints a list of all courses with their enrollment to the console.

In addition:

1. Your program must handle any potential exceptions.

2. Your program must use an appropriate data structure to keep track of the course
registrations, such as an array list, hash map or tree map.

3. You may write all or most of your program in a main() method in your class, if you wish.
You may use a second class, if necessary. Give your class(es) descriptive name(s).

4. You do not need to keep track of the courses that each student takes. You only need to
compute and output the number of students (enrollment) in each course.



2. IlepeyeHb BONPOCOB TEKYILEr0 KOHTPOJISI 3HAHUI

1. Data Acquisition

1.1. Draw a block diagram to illustrate how the data was acquired. Be sure to include important
parameter values.

1.2. If you examine the data, you will notice that the ECG data values have been rounded to the
nearest millivolt. Is this a result of the 16-bit quantization, or was additional resolution lost after the
quantization? Explain.

1.3. Consider the analog filter used in the data acquisition. Why was the signal filtered prior to
sampling? Why was a cutoff frequency of 100Hz used (instead of 125 Hz)?

1.4. Assuming 16-bit quantization, what is the bit rate (in bits/sec) of the original speech? Now
assume that each pitch value can be encoded in 8 bits and that each band envelope value requires 12
bits. What is the bit rate of your channel coder? Assuming 8 bits for the pitch and 12 bits for each LP
coefficient and the gain value, what is the bit rate of your LP coder? How do these three bit rates
compare? Be sure to state all relevant coder parameters (for example, decimation rate, model order)
that affect your calculation.

2. Digital Filtering

2.1. Describe your bandpass filter. Including plots of your filter’s impulse response and frequency
response. Also include answers to the following questions: What were the desired specifications for
the filter? How did you decide on those specifications? What filter design technique did you use?
How well does your actual filter meet the desired specifications? Be sure to mention any difficulties
in meeting the desired specifications as well as any tradeoffs you encountered in the design process.
(Suggested length: 1-2 paragraphs.)

2.2. Describe the effect of your bandpass filter on both the clean and noisy data. Include plots of the
clean and noisy data in both the time and frequency domains before and after filtering and make
relevant comparisons. (Suggested length: 1-3 paragraphs.)

2.3. What are the limitations of this bandpass filtering approach? (If it were possible to implement an
ideal bandpass filter with any desired specifications, would you expect to remove all of the noise?).

2.4. Select a few representative frequency bands in the filter bank and plot their frequency responses.
Also plot the composite frequency response of the filter bank. Hint: Think carefully about how to
determine the composite frequency response. Should you add the frequency responses of the the
individual bands before or after computing their magnitude? Is the composite frequency response
what you expected? Why or why not?

2.5. Compare and contrast the three filtering techniques explored in this lab. Describe the advantages
and limitations of each technique. (Suggested length: one paragraph).

3. Digital Processing and Analysis
3.1. Look at the filtered signal in both the time and frequency domain and include relevant plots in

your report. Compare the desired signal to the filtered output. How well did your Wiener filter
perform? (Suggested length: 1 or 2 sentences)



3.2. Explain your choice of parameters (window length, window shape, and FFT length) used to
analyze the spectrum. What is the effective frequency resolution (in Hz) of the spectral analysis that
you performed? Be sure to state the name of the Matlab function that you used and show how you
computed the effective frequency resolution.

3.3. Explain your choice of parameters of CWT and DWT used to analyze the spectrum. What is the
effective frequency resolution (in Hz) of the spectral analysis that you performed? Be sure to state
the name of the Matlab function that you used and show how you computed the effective frequency
resolution.

3.4. What intensity value did you use for the threshold? In your lab report, include pictures of the
original slice and the thresholded image.

3.5. Compare the four probing surfaces, and describe each one in terms of the characteristics listed in
lectures. The functions capture region, local extrema, global extrema may be helpful. Which objective
function would be preferable for use with an automated registration algorithm? How do the
comparisons between objective functions change if you sample the parameter space more coarsely?

3.6. Briefly describe your smoothing filter. In your lab report, include a picture of the slice after
smoothing and the new thresholded image.

4. Digital signal and image processing tools

4.1. Use the Matlab function hist to plot an estimate of the PDF of each source signal and include
these plots in your lab writeup. Calculate the 4th moment of the signal distributions, k, using the
Matlab function kurtosis and record these quantitiecs. What does the value of « tell you about the
Gaussianity2 of each signal? Relate this to your estimates of the PDFs (histograms). (Suggested
length:2 or 3 sentences).

4.2. How many bins did you use? Briefly explain why you think it is a good choice and turn in the
corresponding plot as well your MATLAB code.

4.3. As the classifier runs, it displays the tissue likelihoods as well as the resulting classification. What
different information do the likelihoods and classification contain? Turn in your MATLAB code
fragment that fills in the classification matrix.

4.4. How do your transformation estimates from the probing experiments compare to the result
obtained by the automatic search?

4.5. What is the most important thing that you learned from this lab exercise? (Suggested length: one
sentence)

4.6. What did you like/dislike the most about this lab exercise? (Suggested length: one sentence)



3. IlepeyeHb BONPOCOB MPOMEKYTOUHOM aTTecTAMU (BOMPOCHI K

3a4€Ty/IK3aMeHY)

1. Data Acquisition

1.1.
1.2.
1.3.

device that ....”.

1.4.
1.5.
1.6.
1.7.
1.8.

What is the goal of data acquisition? Explain it.

What is the result of analog signal conditioning? Explain it.

Continue and explain the next definition: “An analog-to-digital converter is a
Compare the continuous-time and discrete-time signals.

How make the sampling a continuous-time signal?

The Nyquist sampling theorem.

Aliasing for complex signals.

Quantization and Interpolation.

2. Digital Filtering

2.1.

2.2.
2.3.
2.4.
2.5.
2.6.

Explain the next expressions:

a. Digital filtering is one of the most useful type of processing for discrete-time
signals.

b. Digital filters arise naturally in the modeling of physical systems, and have
been used for numerical calculations at least since the invention of calculus in the
seventeenth century.

c. Digital filters are used for separating signals from noise and for frequency
analysis, an operation which often reveals important features in the signal.

Noise shaping. Signal to Noise Ratio (SNR).
Difference equations, FIR and IIR filters.

Basic properties of discrete-time systems, convolution.
Noise reduction.

Filter banks.

3. Digital Processing and Analysis

3.1.
3.2.
3.3.
3.4.
3.5.
3.6.
3.7.
3.8.
3.9.

Discrete Fourier transform (DFT) and its properties.

Fast Fourier transform (FFT) and its properties.

Discrete-time Fourier transform (DTFT).

Types of wavelets and their properties.

Continuous and discrete wavelet transform (CWT and DWT).
The integral wavelet spectrum (IWS).

Detection of signals in noise.

Compression of digital data.

Image processing.

3.10. Modal analysis.

4. Digital signal and image processing tools

4.1. Describe implementation of the methods within the English Writing Environment
(optional):

a. Mathcad;

b. Matlab;

10



4.2.

c. Wolfram;
d. Ansys.

Choose and describe one example of problem solving:

e. identifying interturn fault rotor generators using wavelet analysis;

f. detection of hydroacoustic noise using the integral wavelet spectrum;
g. determining the type of forest fire on a noise using Fourier analysis;

h. estimation of the resonance frequencies of pipelines using modal analysis.

11



4. TlepeyeHb TeMATHK OTCPOYEHHOTO0 KOHTPOJIS

Vyactue B ©II10.

VYuyacrue B UHTEpHET-OMMMIIMAAX.

VYyacTue B KOHKypcax CTYACHYECKHUX HAy4HBIX padoT.
VYyactue B CTyJeHYeCKIX KOH(PEPECHIIUSIX.

el A

5. MeTtoau4eckoe OCHAIICHUE

Metoauyeckie Marepualibl, OMNPENeNAIIde MNPOUEAYpPY MPOBEACHHUS KOHTPOJIUPYIOIIMX
MEpONPUSITHI, PEKOMEHIAlIUU 110 TOATOTOBKE K HUM, KPUTEPUH, YCIIOBUS OLIECHUBAHUS U JIP.:

1. Meroanyeckne peKoMeHAAUUU 10 (HOpMUPOBaHHIO (OHIOB OIEHOUHBIX cpeacTB / ToMmck,
TITY, 2012. URL.: http://www.enin.tpu.ru/attachments/article/692/fos.pdf

2. PexoMmeHIanmuu TO TPOSKTUPOBAHHMIO W UCIOJIB30BAHUIO OICHOYHBIX CPEICTB TIpHU
peaji3ali  OCHOBHOM 00pa30BaTeIbHOM IMPOrPaMMBI BBICIIEIO MPOPECCHOHATBHOIO
obOpazoBanmst (oom Bmo) HoBoro mokonenmss / M., PI'TY, 2013. URL:
http://www.rsuh.ru/upload/main/mu/binary/PexoMennanmn%20m0%20npoekTupoBaHn0 %2
00C(2).doc

3. CoBpeMeHHBIE TEXHOJOrMH OOyuYeHHUs B BbBICHIEM NpPO(ecCHOHATbHOM O0pa3oBaHUU /
benomectnosa 3.H., [Ipeans A.H., IBanoB I'.®. u ap., Tomck, U3n-so TIIY, 2011. URL:
http://portal.tpu.ru:7777/departments/otdel/publish/catalog/2011/departments/idno/metod/qgri
f/idno_belomestnova_sovrem_techn_obucheniya.pdf

4. KoHTposib y4eOHBIX IOCTH)KEHHH Ha OCHOBE TECTOBBIX MarepuanoB / MuxaiinoBa H.C.,
MyparoBa E.A., Mwunun M.I, Tomck, Ms3g-so TIIY, 2012. URL:
http://portal.tpu.ru:7777/departments/otdel/publish/catalog/2012/iip/metod_2012/avtor/IP |
DNO MIHAILOV | DR_MAKET.pdf

5. MIT Course Number HST.582J / 6.555] / 16.456J “Biomedical Signal and Image
Processing” URL.: http://ocw.mit.edu/courses/health-sciences-and-technology/hst-582j-
biomedical-signal-and-image-processing-spring-2007/index.htm

6. IlpuMepsbl OLIEeHEHHBIX PadoT

[Ipumeps! o1ieHEHHBIX pabOT MOKa OTCYTCTBYIOT, T.K. 3aHATUN HAa MOMEHT cocTaBieHus POC no
pacrucaHHio He ObUIO.
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