
CDS 130-003  Computing for Scientists 

Final Exam Review 

December 16, 2010 

Topics 
Session 1: Computer Fundamentals 
Session 2: Measurements 
Session 3: Scientific Simulation 
Session 4: Visualization 
Session 5: Data Analysis 
Session 6: Ethics 
Session 7: Communication and Collaboration 
 
Session 1: Computer Fundamentals 
CH1: Binary Representation 

• Binary to decimal conversion: “template” method 
• Decimal to binary conversion: long division method 

CH2: Data Storage 

• Data density 
• Bits and bytes 
• ASCII table, encoding 

CH3: Logic Circuits and Logic Tables 

• Transistor: the building block 
• AND gate, AND table; OR gate, OR table; NOT gate, NOT table 
• NAND gate, NAND table 
• XOR (EOR) gate, XOR table 
• Adding binary number 

 
Session 2:  Measurements 
CH1: Sensors 

• Electric measurement 
• CCD (Charge Coupled Device) 

CH2: Sensor Limitations 
• Lower limit and upper limit 
• Resolutions: Time, Space, and Level 
• ADC: Analog to Digital Converter 
• Signal, noise and background 
• Signal to Noise Ration (SNR) 

 
Session 3:  Scientific Simulation 
CH1: Mathematical model 

• Scientific model to mathematic model 
CH2: Numerical method 

• Iteration 
• Differential equation 
• Interval and sub-interval 



• Integration 
• Integration accuracy and size of sub-interval (or number of iteration) 

CH3: Verification and Validation 
• Scientific method: characterization, hypothesis, prediction and testing 

 
Session 4:  Visualization 
CH1: Introduction  

• Scientific visualization  
CH2: Visualization Pipeline  

• Data acquisition, data mapping, rendering  
CH3: 2-D Data Visualization  

• Height-plot, “plot.m” method, “surf.m” method 
• 2-D data array 
• Nested-FOR-loop 
• Computer color: RGB system, RGB cube 
• Colormap in Matlab  
• “image.m” method in Matlab  

 
Session 5:  Data Analysis 
CH1: Statistical Measures  

• Min, max, mean, variance, standard deviation  

CH2: Histogram Method  
• Data acquisition, data mapping, rendering  

CH3: Regression Method  
• Least square principle 

• Linear regression 

• Correlation coefficient 

 
Session 6:  Ethics 

• Why is computing ethics different from ethics in other disciplines?  
• Issues of computing ethics?  

 
Session 7:  Communication 
CH1: Effective Scientific Communication  

• Effective oral presentation  
CH2: Scientific Collaboration  

• Wiki, pbworks, google.doc  
 

 

 
 

 
 
 
 
 
 



Sample Final Exam  (2010 December 16) 

This is a close-book exam. Calculator is allowed.  Your answer to a question should be given on 
the exam paper, immediately following that question.  
 
1. Binary-to-decimal 
Convert  00111 to decimal. 
 
 
2. Decimal-to-binary  
Convert 49 to binary. 
 
 
3. ASCII table  
What is the decimal number corresponding to character "B" in ASCII table? What is the binary 
number corresponding to character "B" in ASCII table? 
 
 
4. Logic Gates  and Logic Tables 
In the image below, four NANDS are connected and three of the inputs are set to 1. What are 
the values of Z  if B = 1 and A = 0? For reference, the logic table associated with a NAND gate  
is shown.  
 
A.   Z=0, output=0 
B.   Z=0, output=1 
C.   Z=1, output=0 
D:   Z=1, output=1 
E:   can not be determined 
 

 
 
 
 
5. Sensor: Analog to Digital Converter 
In a 7 bit analog to digital converter, how many different levels of data can be recorded? 
 
A. 7 
B. 70 
C. 128 
D. 256 
E. 1024 
 
 
6. Sensor: resolution 
A scientific temperature sensors has an operational range between -200 and 200 degrees 
Fahrenheit,  and use 12 bits to convert the data. What is the temperature resolution of the 
detector? 



 
7. Iteration 
Considering the following iteration code, what is A(12)? 
 
 
 
 
 
 
 
 
 
--------------------------------------------------------------------- 
The following statement is used for questions 8, 9, 10, and 11 
 
 
 
 
 
------------------------------------------------------------------------- 
 
8. Scientific Model to Mathematical Model 
Translate the above statement into a mathematical representation 
 
 
9. Mathematical Model to Computational Model 
Translate your mathematical representation into Matlab/Octave code that uses iteration to 
specify your balance after 10 years. 
 
 
 
 
 
10. Interval and sub-interval 
When you are asked to calculate the balance for the next 10 years on a yearly basis, what is the 
interval and sub-interval of the calculation?  
 
 
 
11. What is the balance in the 4th year? 
 
 
 
 
12. Differential equations 
Translate the following differential equation into its iteration equation representation: 
 

                 P
dt

dP
×= 5.0  

 

A(9)=13; 

for i=[10:12] 

  A(i)=A(i-1)+37; 

end 

My bank offers 5% interest on my account compounded yearly. Every year I deposit 

an additional $100. Assuming that on the first year your account had a balance of 

$100. 



 
13. Integration 
 
 
 
 
 
Consider the integration of the function, f(x)=x3, overe the interval of x=0 to x=4.0. You are 
asked to make a numerical approximation of this integration using the area method, that is, to 
find the geometric area underneath the function with the sum of a series of rectangles.  
If you choose the sub-interval Δx=1.0, what is the approximated area?  
 
 
 
 
14. If the sub-interval is chosen to be Δx=0.1, do you think that you will get a different value of 
the numerical integration? Explain why?  
 
 
 
 
 
15. Scientific Method 
Describe in a few sentences in your own words what a scientific method is. . .  
 
 
 
 
 
 
 
 
16. Visualization Pipeline 
Briefly describe the three key steps of the visualization pipeline . . . 
 
 
 
 
 
 
 
 
 
 
 
 
 
17. Create 2-D array 
One creates a 2-D array in Matlab/Octave using the following statement:  
 >a=[3, 3, 3, 3; 1, 2, 3, 4; 4, 4, 4, 4; 5, 6 ,7, 8] 
How many rows are in this 2-D array?  What is value of a(3,2)? 
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18. Consider the following piece of Matlab/Octave code consisting of doubly nested FOR loops: 
 
         
 
 
 
 
 
 
 
 
What are three values in column 2 (j=2)?  
 
 
 
19. Write down Matlab/Octave code, in which you use the doubly-nested FOR loop structure, to 
generate a 2D array with 10 rows and 20 columns, and to set the values of all elements in this 
2D array equal to 100. 
 
 
 
 
 
 
 
 
20. In the RGB color system, what the color represented by the 3-element array (1, 0, 0)? What 
color is represented by the 3-element array (0,0,0)? 
 
 
 
 
21. Does typical scientific data have color? Why is a colormap so useful in visualizing scientific 
data?   
 
 
 
 
 
22. Consider the data array a=[3, 9, 5, 4, 10, 12].  What is the mean, the variance, and the 
standard deviation of the data in this array?  
 
 
 
 
 
 

for i=[1:3] 

      for j=[1:3] 

           a(i,j)=i*j+2 

      end 

end 



 
23. In a histogram, what is plotted along the Y-axis (the vertical axis)? 
(A) index 
(B) data value 
(C) frequency 
(D) variance 
(E) average 
 
 
 
24. Consider the following Matlab/Octave FOR-loop.  What is output by the final statement, “ A ”? 
 
 
 
 
 
 
 
 
 
 
 
 
25. What is data regression?  
 
 
 
 
 
 
26.  Briefly discuss why the computing ethics is different from ethics in other disciplines.  There 
is no standard answer to this question. You are free to express your opinion on this.  
 
 
 
 
 
 
 
 
 
 
 
27. List at least three examples that raise computing ethics issues.  One example is music 
sharing.  
 
 
 

A=[1,2,3,4,5,6,7,8,9,10]; 
for i=[1:10] 
   if (A(i) > 4) 
      A(i)=0; 
   end 
end 
A    



 

Information Sheet 

1. ASCII Table 

 
 

2. NAND gate and its logic table 

 

    

Input A Input B Output 

0  0  1  

0  1  1  

1  0  1  

1  1  0  
 

 



 

Answers 
 
1.   7 
2.   110001 
3.    "B" in ascii, 66 in decimal, 1000010 in binary 
4.    C 
5.    C 
6.  temperature range = 200 - (-200) = 400,  number of levels = 212 = 4096 
     resolution = temperature / number_of_levels = 400/4096 = 0.0977 
7. 124 
 
8. P(i+1) = P(i) + 0.05*P(i) + 100 
9.  P(1)=100 
     for i=[1:9] 
       P(i+1) = P(i) + 0.05*P(i) + 100  
     end 
10. Interval from 1 to 10, sub-interval is 1 
11. $431 
 
12. P(i+1) - P(i) = 0.5*P(i) 
      P(i+1) = P(i) + 0.5*P(i) 
 
13. Divide the integration area into the following rectangles. The height of the rectangle is 
determined from the x-value of left point. 
     (1) x from (0,1), height= 0, area = 0 
     (2) x from (1, 2), height=1, area = 1 
     (3) x from (2, 3), height = 8, area=8 
     (4) x from (3, 4), height = 27, area = 27 
 The integration value = total area = 0 + 1+ 8 + 27 = 36 
 
14. The integration value will be different. When a smaller sub-interval is used, one 
approximates the integration value with a larger number of rectangles, and the residual 
area between the true area and the approximated area thus gets smaller.  
  
15. Scientific method is the process of carrying out robust scientific research. It involves 
(1) characterization of the data from measurements or observations, (2) make hypothesis 
about the formulation of the data, (3) make the prediction based on the hypothesis, and 
(4) testing the predicted data with observation. The four steps are usually repeated as in 
a cycle, until the hypothesis is proved to be correct.  
 
16.  (1) Step 1 -  data acquisition, which is to convert any input data (input) into a discrete 
dataset (output). (2) Step 2- data mapping, which  is to map the discrete dataset from 
step one (input) onto a 3-D scene (output) in computer memory. (3) Step 3 - rendering, 
which is to display the 3-D scene created in step 2 (input) onto a projected 2-D image 
(output).  

17. Answer: 4 rows,  a(3,2) = 4 
18. a(1,2)=4, a(2,2)=6, a(3,2)= 8 
19. 



  
 
 
20. (1,0,0) is red, (0,0,0) is black 
21.  No. A colormap is a pseudo-color  table, which is encoded to better visualize the 
distribution of scientific data. 
22.  mean = 7.16,   variance = 13.36,    standard deviation = 3.65 
23.  C 
24.  A = [1, 2, 3, 4, 0, 0, 0, 0, 0, 0] 
25. Regression, or correlation, refer to the data analysis method to find the relationship 
that might exists between two quantities. 

26. This is an open question. You may talk about that internet is relatively new, so there 
are no common rules formed yet. You can talk about that the internet is anonymous, 
global, fast and reproductive et al.  

27. There are many of them, e.g., identity collection by social network service, music 
sharing, video sharing, software piracy, identity leaking, employee monitoring et al.   

for i=[1:10] 

      for j=[1:20] 

           a(i,j)=100 

      end 

end 


