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ECE QUALIFYING EXAM I (QE l) 

January 5, 2015 

Student Exam No. 

Do not put your name or SU ID on any of your paperwork. 

This is a closed-book exam. It is designed such that the math skills, as well as the technical 

Electrical Engineering (EE) and Computer Engineering (CE) subjects, are tested. There are a 

total of 18 problems. You have 6 hours to answer any 7 of 18 problems. Of the 18 problems, 

the first 9 are in the context of the CE undergraduate program, and the other 9 are in the context 

of the EE undergraduate program. 

Please number your student exam number at the top right comer of every page submitted, 

followed by the number of the question you are answering, and the number of pages for the 

answer. No names or SU student id should appear on any of the pages you submit. 

Example: Student Exam # 1 
Problem #1 

Do not answer more than one problem on an answer sheet. 

When you have finished, check the numbers of the problems that you are submitting and write 

the total number of answer pages you are submitting on this cover sheet. Do not check more 

than seven problems. 

l am submitting problems: 

Os 

012 014 015 016 

Total number of answer sheets being turned in# _ ___ __ __ _ 

018 



Problem 1. 

Analyze, in terms of big O notation, the time complexity of the following two calculations with respect to 

N. You need to get the lowest complexity expressions. You need to show all Immediate results to justify 

your answers. 

(A) 
int k=O; 
for (int p=l; p(=N; p=p*5) { 

for (int q=l; q(=p; q=q+2) { 
k++; 

(B) 
int k=O; 
for (int p=l; p(=N; p=p*5) { 

for (int q=N; q>=p; q=q-4) { 
k++; 



Problem 2. 

Explain what operations the following C++ function (myfunction) does. Under what scenarios, will the 

function experience the worst-case performance? What is the worst case time complexity with respect 

to N (defined as N = e-b+l)? 

To better read the code, you can relate b to begin, e to end, low to lower_index, u to upper_index,, and 

el to temp_e. Note that the function argument v is a vector of int, and is passed by reference. 

Hint: You can try "vector<int> v = { 4, 3, 7, 11, 2, 6, 5 };" to have a basic idea of the function. 

void myfunction(vector<int> &v, int b, int e) 
{ 

if (b == e) return; 
int low= b, u = e; 
int el= e; 
int templ = v[b], temp2; 
for (int k = b + 1; k <= el; k++) { 

if (v[k] < templ) { v[low] = v[k]; low++; } 
else { temp2 = v[u]; v[u] = v[k]; v[k] = temp2; u--; k--; el--; } 

v[low] = templ; 
if ((low - b > 1)) myfunction(v, b, low - 1); 
if ((e - u >l)) myfunction(v, u + 1, e); 
return; 



Problem 3. 

Given the sequence 10, 9, 8, 7, 6, 5, 4. Show the important steps to build the corresponding 

binary (min)heap by the linear time bulldHeap algorithm. (In each step, use an array to 

present the heap.) 



Problem 4. 

Show the important steps of inserting the node with key 38 to the red-black tree in the 

following figure using the Insertion algorithm. 

ORed 
Q Black 



Problem 5. 

Consider the following assembly program executed on a typical MIPS CPU with 5-stage (i.e. IF stage, ID 

stage, EX stage, MEM stage, and WB stage) pipeline: 

Loop: LW r2, O(r2) 

BEQ r2, rO, LOOP; 

OR r2, r2, r3 

SW r2, O(rS) 

Assume that there is no delay slot and the branch instruction is executed in the ID stage. Also assume 

that the loop is repeated for 100 iterations and the instructions before and after this program are NOPs. 

(1) Draw the pipeline diagram for the first 2 iterations. 

(2) How many clock cycles does it take to execute the entire assembly program, given that the loop is 

iterated for 100 times. This should be the duration starting from the time that the first instruction of the 

program enters the pipeline, to the time that the last instruction (i.e. SW r2, O(rS)) leaves the pipeline. 

(3) If a one bit branch predictor is used, which is initialized to "N" (i.e. branch not taken), how many 

correct and wrong predictions that it will produce? How many clock cycles will it take to execute the 

above code using this predictor? 



Problem 6. 

Assume 4 KB pages, a 4-entry 2-way set associative TLB, and LRU replacement. When multiple physical 

pages are available, the OS will first use the page with the lowest index. The following shows the current 

content in page table. 

Page Table 

Virtual page# valid Physical page/disk 

0 1 5 

1 0 Disk 

2 0 Disk 

3 1 6 

4 1 9 
5 1 11 

6 0 Disk 

7 1 4 

8 0 Disk 

9 0 Disk 

10 1 3 

11 1 12 

The TLB currently has two valid entries, which stores the information of virtual pages 11 and 3. Page 11 

was loaded into main memory earlier than page 3. The other two entries of TLB are not currently used. 

Suppose we have the following virtual address stream 

Ox123D,Ox8B3,0x365C,Ox871B,OxBE82,0x3140 

For each memory reference, indicate if it is a hit in the TLB, a hit in the page table, or a page fault. Also 

show the final state of the TLB and page table. 



Problem 7. 

Consider the following C code: 

int A[8] [8]; 

int B[8][8]; 

int C[8][8]; 

inti, j, k; 

for (i = O; i< 8; i++){ 

for (j = O;j < 8; j++) { 

C[i]U] = O; 

for(k =O; k < 8; k++) C[i][j] =C[i][j] +A[i][k]*B[k][i]; 

} 

} 

Assume 2-way set associative cache and its capacity is 32 KB. The size of cache block is 64 Byte. The 

starting addresses of array A, Band Care OxOOlO, OxOllO, Ox0210. 

(1) Estimate the data cache miss rate of the above code. 

(2) Assume that write back policy with write allocation is used for the data cache. Also assume that the 

data cache hit time is lns, the main memory read bandwidth is lGB/sec and write bandwidth is 

O.SGB/sec. The main memory access latency for both read and write is lOOns. Estimate the average data 

memory access time. 



Digital Design DO ALL WORK ON THE PROVIDED DUPLICATE PAGES FOR PROB. 8 & 9 

Problem 8. Controller Design (Finite-State Machine Design) 
Implement the following use-case description using combinational logic and a state register. 

Use case description: Create a completely specified deterministic three-state FSM with a single input 
x and a single output y with the following behavior: 

1. The initial state is S0• If the input x is 0, the machine changes to state S1. If the input x is 1, the 
next of the machine changes to state S2• The outputy is O in state S0• 

2. If the machine is in state S1, the output y is 0. If the input x is 0, the next state is S0• If x is 1, the 
next state is 82 • 

3. If the machine is in state 82, the output y is 1. If the input x is 0, the next state is S2 • If x is 1, 
the next state is S0 • 

Fully document each stage of your design by including: 

1. A state-transition diagram, 

2. A truth table whose inputs are the current machine state and input variables, and whose outputs 
are the next-state functions and output functions, and 

3. Logical formulas for next-state and output functions specifying the combinational logic 
necessary to implement the machine. 

Use the standard binary coding for your state encoding, i.e., 

So= s1so = 00, S1= s1so = 01, 82 = s1so = 10 

Important: For the unused state encoding s 1s0 = 11, regardless of input value the next state should be 
So and the outputy should be 0. 



Digital Design DO ALL WORK ON THE PROVIDED DUPLICATE PAGES FOR PROB. 8 & 9 

(a) State-Transition Diagram 

(b) Next-state and output truth table 

Present State, Input Next State, Output 

sl so X nl no y 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 



- --

Digital Design DO ALL WORK ON THE PROVIDED DUPLICATE PAGES FOR PROB. 8 & 9 

(c) Implementation using a state register and combinational logic 

For the architecture shown below, based on the next-state and output truth table, write the logical 
formulas that define n1(s 1, s0, x), no(s1, s0, x), and y(s 1, so). Note: minimization is not necessary. 

X 
~ ..,111ombinational 
~ ~ logic 

so 

no(s1,so,x) = 

y(s1, so)= 



Digital Design DO ALL WORK ON THE PROVIDED DUPLICATE PAGES FOR PROB. 8 & 9 

PROBLEM 9. Data Paths and Control Paths 
Fill in the table below to implement the following microprogrammed operations to place the value A+ B into 
Reg3. (Note: "X" is don't care or don't know. "1" enables or loads values onto a bus or into a register) 

1. R ego+- A 

2. R ego +- B; R eg1 +- Rego 

3. Reg2 +- Rego 

4. Reg3 +- Reg1 + Reg2 

-LD , -LD, 
,.__ _ __,..__ .,..-- EN, l...---..--J ' - EN, 

DaJaBus By y 

l0 '-F
-F 

0 

0 0 
0 I 
1 0 
1 1 

p 
J m ..... I3 
A + U 

0 

Clock Cycle 1 2 3 4 5 

In A B X X X 

Rego X 

Regl X 

Reg2 X 

Reg3 X 

LDO X 

LD1 X 

LD2 X 

LD3 X 

ENO X 

ENl X 

EN2 X 

EN3 X 

Fl X 

FO X 



Problem 10 

Two semi-infinite conducting plates are kept at electrical potential V 1, They are separated by 
distance D. At the end, they meet a conducting plate that is insulated from them. This 
insulated plate is kept at electrical potential V 2. The system is as shown. Find 

(a) The electrical potential distribution between the plates. 
(b) The electrical energy density distribution between the plates. 

y 

D 

X 



Problem 11 

Two small circular concentric conducting loops of radius ri and rz, respectively are 
centered on the origin of the X-Yplane. They carry current I1and h, respectively. The 
current I1and Ii are in opposite directions. (a) Find the magnetic flux density B any 
arbitrary location that is far away from the loops. Show your derivation steps. (b) Find 
the Bat the origin. Under what condition will the Bat the origin be zero? 

z 

X 



___ 

Problem 12 

Consider an electromagnetic wave whose complex electric field is given by 

E = {" 8 + " 6) -j (3x- 4y)i ax ay e [V/m] 

____ ....._ ..,,..x 
The eimttime-dependence is assumed. Suppose this wave is incident 

\ l\ ssfrom air upon a glass of E = 9.0 Eo, µ = µ0 as shown in the figure. )"Note that µo = 41tX 10-1 [H/m], eo~ 10-9/367t [F/m]. [: tt2o, "'fo 

(a) Determine the frequency in Hz and the wavelength in m of this incident wave. 
(b) Determine the angle of incidence Siand the angle of transmission. 
(c) Find the explicit expression for the complex magnetic field H1 of the transmitted wave. 
(d) Suppose the wave is incident from the glass (E = 9.0 E0 ) upon air with the same incidence 

angle. What is the ratio of the reflected vs. incident power at the glass-air interface? 
Explain reasoning. 



Problem .13: 

Consider a communication system in which a 8-bit sequence is transmitted over a channel, which can 
possibly introduce a bit error for each bit. Errors across bits are independently introduced. Assume 
that each bit gets an error with probability p. Let Y denote the number of bit errors introduced 
by the channel for the entire sequence. You can express your answers to the following questions in 
terms of p. 

(a) Find the probability mMs function (pmf) of Y. 

(b) Given that at least one error has occurred, find the probability that exactly two errors have 
occurred. 

(c) Now suppose the receiver can use a code to correct up to two errors in the received sequence. 
Find the probability that the sequence is decoded correctly, i.e., find P(Y ~ 2). 



Pr<;>blem 1.4:. 

Assume that the transmitter employs 3-PAM (pulse amplitude modulation). The signals are 
equiprobable and their geometric representations are the 3 points {-2A, 0, A} on the real line. 
The received signal can be seen as 

y =Sm+ n 

where Sm is one of the points in {-2A, 0, A} and n is a Gaussian random variable with zero mean 
and variance No/2. 

a) Determine the optimal MAP detector decision regions. 

b) Find the average probability of error and express it using Q-functions. 

Useful Formulas 

1) The Q-function is defined as follows: 

1
00 1 2

Q(a) = P(x >a)= -e-t !2 dt 
a. l2ir 

where xis a Gaussian random variable with zero mean and unit variance. Therefore, E[x] = 0 and 
E[x2] = 1. 

2) The probability density function (pdf) of a Gaussian random variable y with mean m and variance 
tT

2 is given by 

3) The optimal MAP detector chooses the signal that maximizes P(s;)J (ylsi) where P(si) is the prior 
probability of Si and f (ylsi) is the conditional joint probability density function of y given Si, 



Problem 15; 

Consider the following continuous-time signal 

x(t) = cos(2rr7000t). (1) 

(a) Plot the Fourier transform of the above signal in the frequency domain. In your plot, you 
should clearly indicate where the pulses of the signal arc located. 

(b) Sample the signal described in (1) at the sampling frequency fs = l5kHz. Plot the DTFT 
of the sampled sequence. You need to plot all pulses in the duration [-rr, 1r]. 

(c) Is there an aliasing in the sampled sequence in (b)? 

(d) Now sample the signal described in (1) at the sampling frequency fs = 9kHz . Plot the 
DTFT of the sampled sequence. You need to plot all pulses in the duration [-1r,1r]. 

(e) Is there an aliasing in the sampled sequence in (d)? 



Problem 16 

Light was shined for 10 µson a Si sample with a donor impurity of 1015 cm·3• The 
light induced electron-hole generation occurred and the generation rate was 1019 

electron-hole pair per second. 

cm2N-s. 
Estimate the resulting separation of the quasi-Fermi levels and the change in 
conductivity due to the shining of the light on the sample. 

Assume Diffusion coefficient of holes Dp = 12 cm2/s, and electron mobility µn= 1300 



Problem 17 

Calculate the values of Av, Rin, Rout, and Ai for the amplifier stage shown below. 
Assume gm= 20 mS, ~o = 75, ro= 100 kO, R1= 500 0, Ra= 15 k.Q, R1==12 k.Q, and 
RE= 300 n. 

Ii; r + 

u,. 

--



Problem 18 

A CMOS inverter has (W/L)N= 15/1, and (WIL)p= 15/1, and Vnn= 3.3 V. 
What is the peak current in the logic gate and at what input voltage does it 

2occur? Assume, K~ = 100µA/V 2 , K;= 40pAJV , VTN= 0.6 V and 
VTP= - 0.6 V. 
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	0 
	0 
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	1 
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	0 
	Disk 

	2 
	2 
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	Disk 

	3 
	3 
	1 
	6 

	4 
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	5 
	5 
	1 
	11 

	6 
	6 
	0 
	Disk 

	7 
	7 
	1 
	4 

	8 
	8 
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	9 
	9 
	0 
	Disk 

	10 
	10 
	1 
	3 

	11 
	11 
	1 
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	The TLB currently has two valid entries, which stores the information of virtual pages 11 and 3. Page 11 was loaded into main memory earlier than page 3. The other two entries of TLB are not currently used. Suppose we have the following virtual address stream 
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	Problem 8. Controller Design (Finite-State Machine Design) 
	Problem 8. Controller Design (Finite-State Machine Design) 
	Implement the following use-case description using combinational logic and a state register. 
	Use case description: Create a completely specified deterministic three-state FSM with a single input x and a single output y with the following behavior: 
	1. 
	1. 
	1. 
	The initial state is S0• If the input x is 0, the machine changes to state S. If the input x is 1, the next of the machine changes to state S• The outputy is O in state S0• 
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	2
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	(a) 
	(a) 
	(a) 
	State-Transition Diagram 

	(b) 
	(b) 
	Next-state and output truth table 


	Table
	TR
	Present State, Input 
	Next State, Output 

	sl 
	sl 
	so 
	X 
	nl 
	no 
	y 

	0 
	0 
	0 
	0 

	0 
	0 
	0 
	1 

	0 
	0 
	1 
	0 

	0 
	0 
	1 
	1 

	1 
	1 
	0 
	0 

	1 
	1 
	0 
	1 

	1 
	1 
	1 
	0 

	1 
	1 
	1 
	1 
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	Digital Design DO ALL WORK ON THE PROVIDED DUPLICATE PAGES FOR PROB. 8 & 9 
	(c) Implementation using a state register and combinational logic 
	For the architecture shown below, based on the next-state and output truth table, write the logical formulas that define n1(s1, s0, x), no(s1, s0, x), and y(s 1, so). Note: minimization is not necessary. 
	X 
	~ ..,
	111

	ombinational 
	~ ~ 
	logic 
	so 
	Figure
	Figure
	no(s1,so,x) = y(s1, so)= 
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	PROBLEM 9. Data Paths and Control Paths 
	PROBLEM 9. Data Paths and Control Paths 
	Fill in the table below to implement the following microprogrammed operations to place the value A+ B into Reg3. (Note: "X" is don't care or don't know. "1" enables or loads values onto a bus or into a register) 
	1. 
	1. 
	1. 
	R ego+-A 

	2. 
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	R ego +-B; Reg1 +-Rego 

	3. 
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	4. 
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	Reg3 +-Reg1 +Reg2 
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	1 
	2 
	3 
	4 
	5 

	In 
	In 
	A 
	B 
	X 
	X 
	X 
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	Rego 
	X 

	Regl 
	Regl 
	X 

	Reg2 
	Reg2 
	X 

	Reg3 
	Reg3 
	X 

	LDO 
	LDO 
	X 

	LD1 
	LD1 
	X 

	LD2 
	LD2 
	X 

	LD3 
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	ENO 
	X 
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	ENl 
	X 

	EN2 
	EN2 
	X 

	EN3 
	EN3 
	X 

	Fl 
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	X 
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	FO 
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	Problem 10 
	Problem 10 

	Two semi-infinite conducting plates are kept at electrical potential V 1, They are separated by distance D. At the end, they meet a conducting plate that is insulated from them. This insulated plate is kept at electrical potential V 2. The system is as shown. Find 
	(a) 
	(a) 
	(a) 
	The electrical potential distribution between the plates. 

	(b) 
	(b) 
	The electrical energy density distribution between the plates. 


	y 
	y 
	D 

	X 
	Problem 11 
	Problem 11 

	Two small circular concentric conducting loops of radius ri and rz, respectively are centered on the origin of the X-Yplane. They carry current I1and h, respectively. The current I1and Ii are in opposite directions. (a) Find the magnetic flux density B any arbitrary location that is far away from the loops. Show your derivation steps. (b) Find the Bat the origin. Under what condition will the Bat the origin be zero? 
	z 
	z 
	Figure

	X 
	Problem 12 
	Problem 12 
	Consider an electromagnetic wave whose complex electric field is given by 
	= {" 8 + " 6) -j (3x-4y)
	E 

	i ax ay e [V/m] 
	____ ....._ ..,,..x 
	The eimttime-dependence is assumed. Suppose this wave is incident 
	\ l\ ss
	from air upon a glass of E = 9.0 Eo, µ = µ0 as shown in the figure. 
	)"
	Note that µo = 41tX 10-[H/m], eo~ 10-/367t [F/m]. 
	1 
	9
	[: tt2o, "'fo 

	(a) 
	(a) 
	(a) 
	Determine the frequency in Hz and the wavelength in m of this incident wave. 

	(b) 
	(b) 
	Determine the angle of incidence Siand the angle of transmission. 

	(
	(
	c) Find the explicit expression for the complex magnetic field H1 of the transmitted wave. 

	(d) 
	(d) 
	Suppose the wave is incident from the glass (E = 9.0 E0) upon air with the same incidence angle. What is the ratio of the reflected vs. incident power at the glass-air interface? Explain reasoning. 


	Problem .13: 
	Problem .13: 
	Problem .13: 

	Consider a communication system in which a 8-bit sequence is transmitted over a channel, which can possibly introduce a bit error for each bit. Errors across bits are independently introduced. Assume that each bit gets an error with probability p. Let Y denote the number of bit errors introduced by the channel for the entire sequence. You can express your answers to the following questions in terms of p. 
	(a) Find the probability mMs function (pmf) of Y. 
	(b) 
	(b) 
	(b) 
	Given that at least one error has occurred, find the probability that exactly two errors have occurred. 

	(c) 
	(c) 
	Now suppose the receiver can use a code to correct up to two errors in the received sequence. Find the probability that the sequence is decoded correctly, i.e., find P(Y ~ 2). 


	Pr<;>blem 1.4:. 
	Pr<;>blem 1.4:. 
	Assume that the transmitter employs 3-PAM (pulse amplitude modulation). The signals are equiprobable and their geometric representations are the 3 points {-2A, 0, A} on the real line. The received signal can be seen as 
	y =Sm+ n 
	y =Sm+ n 

	where Sm is one of the points in {-2A, 0, A} and n is a Gaussian random variable with zero mean and variance No/2. 
	a) Determine the optimal MAP detector decision regions. 
	b) Find the average probability of error and express it using Q-functions. 

	Useful Formulas 
	Useful Formulas 
	1) The Q-function is defined as follows: 
	00 
	00 
	1
	1 2


	Q(a) = P(x >a)= -e-t !dt 
	2 

	a. l2ir 
	a. l2ir 

	where xis a Gaussian random variable with zero mean and unit variance. Therefore, E[x] = 0 and E[x] = 1. 
	2

	2) The probability density function (pdf) of a Gaussian random variable y with mean m and variance tTis given by 
	2 
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	Figure

	3) The optimal MAP detector chooses the signal that maximizes P(s;)J (ylsi) where P(si) is the prior probability of Si and f (ylsi) is the conditional joint probability density function of y given Si, 


	Problem 15; 
	Problem 15; 
	Problem 15; 

	Consider the following continuous-time signal 
	x(t) = cos(2rr7000t). (1) 
	(
	(
	(
	a) Plot the Fourier transform of the above signal in the frequency domain. In your plot, you should clearly indicate where the pulses of the signal arc located. 

	(b) 
	(b) 
	(b) 
	Sample the signal described in (1) at the sampling frequency fs = l5kHz. Plot the DTFT of the sampled sequence. You need to plot all pulses in the duration [-rr, 1r]. 

	(c) Is there an aliasing in the sampled sequence in (b)? 

	(d) 
	(d) 
	Now sample the signal described in (1) at the sampling frequency fs = 9kHz . Plot the DTFT of the sampled sequence. You need to plot all pulses in the duration [-1r,1r]. 


	(e) Is there an aliasing in the sampled sequence in (d)? 
	Problem 
	Problem 
	Problem 
	Problem 
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	Light was shined for 10 µson a Si sample with a donor impurity of 10cm·• The electron-hole pair per second. cmN-s. Estimate the resulting separation of the quasi-Fermi levels and the change in conductivity due to the shining of the light on the sample. 
	15 
	3
	light induced electron-hole generation occurred and the generation rate was 
	19 
	10

	2

	Assume Diffusion coefficient of holes Dp = 12 cm/s, and electron mobility µn= 
	Assume Diffusion coefficient of holes Dp = 12 cm/s, and electron mobility µn= 
	2

	1300 


	Problem 17 
	Problem 17 

	Calculate the values of Av, Rin, Rout, and Ai for the amplifier stage shown below. Assume gm= 20 mS, ~o = 75, ro= 100 kO, R1= 500 0, Ra= 15 k.Q, R1==12 k.Q, and RE= 300 n. 
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	Problem 18 

	A CMOS inverter has (W/L)N= 15/1, and (WIL)p= 15/1, and Vnn= 3.3 V. What is the peak current in the logic gate and at what input voltage does it 
	2
	occur? Assume, K~ = 100µA/V , K;= 40pAJV, VTN= 0.6 V and VTP= -0.6 V. 
	2 








