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ECE QUALIFYING EXAM 1 (QEl) 

January 9, 2017 

Student Exam No. 

If your name or any personal identification shows up on any of the paperwork 
that you submit-you will automatically fail the exam. 

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 
Page 1 of 6 for this question 

Do not answer more than one problem on the same page. Only use one side of paper. 

When you have finished, check the numbers of the problems that you are submitting and write 
the total number of pages you are submitting on this cover sheet. Do not check more than seven 
problems, or the seven lowest scores will be counted. 

I am submitting problems: 

Os 08 

010 014 015 016 

I am submitting a total of ___ pages, including this page. 



Problem 1. 

In an undirected complete graph, there is an edge between any two distinct nodes. 

Consider an undirected complete graph of k nodes, where k is even. How many 

subgraphs with even numbers of nodes does it have? Note that G'= (V', E') is a subgraph 

of G = (V, E), iff V' c V and E' c E. 



Problem 2. 

(A) For the following code, given that N is the problem size, what is the time complexity 

in terms of big O notation? You need to justify your result. 

int k = 10; 

int m = 20; 

for (int p = N; p>=l; p /=7) { 

for (int q = 1; q <= p; q++) { 

k = 5+2*m++; 

m = 4*k++; 

} 

} 

(B) Consider the following code: 

int F(int k) { 

If (k== 1 11 k == O)return 405; 

return (F(k/2) + k/2 +3); 

} 

What is the time complexity of calculating F(N) in terms of big O notation? You need to 

justify your result. 



Problem 3. 

(A). Construct an AVL tree for input sequence 100, 50, 75, 200, 150, 80. (B). For the AVL tree 

shown below, show how to delete 110 using the strategy of "next smaller" replacement. You 

need to show key steps for both (A) and (B). 



Problem 4. 

For the graph, adjacent matrix 

1 1 0 0 1 

0 0 1 0 1 

A= 0 0 0 0 1 

1 0 0 1 0 

0 0 0 1 1 

where a;,j =1 if node i has a directed connection to node j; else a;,j =0. Note that in the matrix, 

row number and column number start at 0. 

Show A3. To obtain A3, You are not allowed to perform matrix multiplication; instead, use the 

concept of A3 to obtain it. (Hint: What is the physical meaning of Ak? Why?) 



Problem 5. 

Consider a 64-byte cache with 8 byte blocks, an associativity of 2 and LRU block replacement. 
Virtual addresses are 16 bits. Each page is 128 bytes. The cache is physically tagged. The 
processor has 1 KB of physical memory. Assume pages 0-4 of the physical memory have been 
taken. 

(a) What is the total number of tag bits in the cache? 

(b) How large would a single-level page table be, given that each page requires 4 protection bits, 
and entries must be an integral number of bytes. 

(c) Assume the cache is initialized empty, the CPU needs to access memory with the following 
virtual address sequence: 024s, 130s, 270s, 022s, 570s, 124s, 224s, and 026s. For each 
memory access, decide whether it is a cache hit or cache miss. If it is a cache miss, what is 
the type of cache miss (i.e. compulsory miss, capacity miss, or conflict miss)? 



Problem 6. 

Consider the 5-stage pipeline with data forwarding and hazard detection as shown below. The 
signals forwardA and forwardB are used to select the data forwarding for the 1st and 2nd inputs 
of the ALU. The relation between their value and the data that they forward are specified in 
the table. 

(a) In order to test the CPU, you were asked to design a sequence of MIPS instructions that will 
set signal forwardA to OI and 10 in cycle 4 and cycle 5 respectively, and set signal forwardB 
to O1 and 10 in cycle 5 and cycle 6 respectively. Assume that the first instruction in your 
sequence is fetched in cycle 1, and before that the processor is executing NOP. Show your 
assembly program. 

(b) In order to test the read and write of the data memory, you are again asked to modify the 
instruction sequence in (a) to also generate a data memory read in cycle 5. Please give the 
modified assembly code . If you think this request is not doable, explain why . 

~ 
·c 
::: u .... 

u 
a. 

Instructi on 
Memory 

In~tructlo 
n 

Address 

Imm26 

ALU result 

Value of forwardA/forwardB Function 

00 Forward register output to ALU input 

01 Forward data from ALU output back to ALU input 

IO Forward data from Mem stage back to ALU input 



Problem 7. 

Consider the MIPS datapath in previous figure. The delays of major data path components are 
given in the following table. Assume the delay of all other components is negligible. 

Components 1-Mem D-Mem 
(R/W) 

Register 
(R) 

Register 
(W) 

ALU NextPC Mux 

Delay 200 ps 200 ps 100 ps 50 ps 300 ps lOOps 20 ps 

(a) For a single cycle processor, what is the minimum clock cycle time? How about its clock 
frequency? 

(b) If store word (i.e. SW) is the only instruction supported by this processor, what is the 
minimum cycle time of the processor? 

(c) Ifby optimization the access time of data memory can be reduced to 20ps, what is the 
minimum cycle time of the new CPU? 



Problem 8. 

Finite-State Machine Implementation 
Consider the synchronous deterministic finite-state machine below, where Xis the input 
and Y is the output. 

X 

....... 
X' 

X 
Suppose we use the following encoding for states A, B, and C: 

slsO State 

00 Unused 

01 A 

10 B 

11 C 



Problem 8. (Continued) 

(a) Fill in the following table describing the behavior of the 
machine using the above state encoding 

For the unused state representation, make sure that the next state corresponds to the initial 
state A and the output Y is 0. 

X sl sO nsl nsO 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 

(b) Shannon's Expansion 
Based on your table in part (a) and using Shannon's Expansion, write formulas for 
nsl(x,sl,sO), nsO(x,sl,sO), and Y(sl,sO). For easy translation from the table, expand 
around the truth values for x and sl. Recall that Shannon's expansion for function f(x,y,z) 
around x and y is 

f(x,y,z) = x'*y'*f(O,O,z) + x'*y*f(0,1,z) + x*y'*f(l,0,z) + x*y*f(l,1,z). 

nsl(x,sl,sO) = 

nsO(x,s 1,sO) = 

Y(sl,sO) = 



Problem 8. (Continued) 

(c) Implementation Using Multiplexers and Flip Flops 
Implement nsl(x,sl,sO), ns2(x,sl,s0), and Y(sl,sO) using multiplexers and D flip-flops. 
Fill in the values for all the inputs below. 

J 
0 1 2 3 

Sell 
4:1 Mux 

SelO 

Out 

nsl 

D 

elk 

Q 

-
-

0 1 2 

4:1 Mux 

Out 

nsO 

3 

Sell 

SelO 

D 

Q 

elk 

sl so 

l 
0 1 

2:1 Mux Sel -

Out 

vJ 



Problem 9. 

Datapaths, Microcode, and Timing Diagrams 

In 
R/W" R/W' 

RAM Al 
AO 

MOu t 

Data 

0 1 
Mux s OS 
Out 

A 

ALU 

F 

In 
Accumulator A_ ld 

AOUL 

Consider the datapath above with the following kinds of components: 

• A RAM, whose behavior is defined as follows. 

-
Out(t) 

InO(t) 

Inl(t) 

R/W'(t) (AlA0)1o(t) MOut(t) RAM[i](t+ 1) 

0 I RAM[i](t) In(t) 

1 I RAM[i](t) RAM[i](t) 

• An ALU, whose operations are defined as follows 

• A 2: 1 multiplexer, whose behavior is defined as follows 

S(t) 

0 

1 

S1So ALU Output F 

00 0 

01 B 

10 A 

11 A+B 
-



Problem 9. (Continued} 

• a clocked register with load control: ACC, controlled by A_ld, whose behavior is defined 
as follows 

A_ld(t) AOut(t+l) 

0 AOut(t) 

1 ln(t) 

External data comes in through the Data line. The control signals are RIW', AJAO, DS, SJSO, 
and A _Id, where Al AO are the RAM address bits, S 1 SO are the ALU instruction bits, and DS is 
the data select control on the multiplexer. 

Fill in the control signal values for each microinstruction listed. Note: the notation 

Register +- f(RAM,ACC,Data) 

denotes a register transfer operation, where the new value of Register at clock cycle t+ 1 is 
given by a function of values of RAM, ACC, and Data at time t. 

Microinstruction R/W' AlAO DS S1SO A Id 

RAM[O] +- Data 

RAM[ 1] +- Data 

RAM[2] +- Data 

RAM[3] +- Data 

Acc-o 

ACC +-Data 

ACC +-RAM[l] 

ACC+-RAM[2] 

ACC +- RAM[O] + ACC 

RAM[l] - RAM[l] + ACC 

RAM[2] +- RAM[2] + Data 



Problem 9. (Continued) 

Fill in the table below for each microinstruction, given the values for RAM, Data, and 
ACC. 

Cycle 0 1 2 3 

Micro-
instruction 

RAM[O] +- Data ACC +-Data 
RAM[O] +- RAM[O] 

+ACC 
Ace-a 

RAM[O] X 

RAM[l] X 

RAM[2] X 

RAM[3] X 

R/W' 

AIAO 

Data vO vl X X 

DS 

A 

B 

SISO 

F 

A Id-
ACC X 



Problem 10. 

A dielectric spherical shell of permittivity E with inner radius R1 and outer radius R2 is,placed 

co-centric with a conductor spherical shell with inner radius R3 and outer radius R4. A point 

charge of Q is put at the center of the system. 

1. Find the electrical field and electrical potential for the following two cases: 

a. R1 < R2 < R3< R4 

2 Plot the E and V for the two cases and discuss why the difference. 

)( II 



Problem 11 

A super conducting disk of radius Ro lays at the origin of x-y plane. It carries a circular surface 

current density J = acl> Jo/r, where acl>is the angular unit vector, Jo is a constant, and r is radius. 

Find magnetic flux density Bon the z axis and anywhere on the upper half space where z is 

positive. 

z 

y 
__., 



Problem 12 

A) Consider the following impedance matching circuit shown in the figure. The length of the short 
stub ls= Al4 and load impedance ZL = I 00.Q. (a) If the characteristic impedance of the transformer 
Zo1= 80.Q, find the input impedance Zin (b) Find the characteristic impedance value of the quarter 
wavelength transformer (Zo1) to realize impedance match. 

Y4 - +- Y4 

Z0 = 50.Q 

B) An air-filled rectangular waveguide has inner dimensions 0.9 in (2.286 cm) by 0.4 in (1.016 
cm). The excitation frequency is 9 GHz. Calculate wave number (k), cutoff wave number (kc), 
phase constant (fJ),guided wavelength (lg), for TE10 mode. 



Problem 13 

For the CMOS circuit below: 

1. Fill in the input/output logic table for the logic gate. Explain your answer by describing what 

transistors are on or off for the given input state. 

2. Write the Boolean expression and draw the logic gate configuration. 

3. What is the voltage level corresponding to 

a. Logic 1 

b. Logic 0 

L I ;J 
M, t', f M., 

(out) 

J_ 
C CoutA~3" 

Bn--------1 MN,-

D 1, MND 

A B C D V 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 

0 1 0 0 
0 1 0 1 

0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 



Problem 14. 

a) Draw the differential-mode and common-mode half-circuits for the differential 
amplifier shown below. 

b) Using the half-circuits calculate the Q-points, approximate differential-mode 
gain and approximate differential:..mode resistance. Assume, ~o = 150, Vee= 22 V, 
VEE=22 V, REE= 200 kn, R1= 2 kn, and Re= 200 kn. 



Problem 15 

Assume that a pnp transistor is doped such that the emitter doping is 10 times that 
in the base, the minority carrier mobility in the emitter is one-half that in the base, 
and the base width is one-tenth the minority carrier diffusion length. The carrier 
lifetimes are equal. Calculate a and~ for this transistor. 



Problem 16: 

The figure below shows a modulated signal with carrier cos(lOt) : 

I ....................... . 

,... 
7t 

(a) Find the Fourier transform of this signal. 

(b) Sketch the amplitude and phase spectra. 

You may use the property that the signal D.(! ) has Fourier transform : sinc2(w
7 

), with D.(t)
T 2 4 

defined as 
ltl2: 1/2, 

Ll(t) ~ {: _ 2lt1 ltl< 1/2. 



Problem 17: 

Consider a message signal m(t) with the following Fourier Transform (i.e., spectrum): 

M(f) 

-W w f 

a) Determine the Fourier transform of 

u(t) = m(t) cos(21rJct)+ 2m(t) cos2 (21rJct) 

and plot this Fourier transform, carefully labeling the frequency values. (You can assume fc > 
2W.) 

b) Assume that u(t) defined in part (a) goes through an ideal bandpass filter with frequency 
response 

H (f) = { 1 If - fcl '.SW 
BPF O otherwise · 

Express and also plot the Fourier Transform of the output of the bandpass filter. 

Useful Facts 

1. cos2 (21rfct) = !+ !cos(41rfct) 

2. cos(21rJot) = Hei21r.fot+ e-i2r.Jot) 

3. Modulation property of the Fourier Transform: 

F[x(t)d 21rfot] = X(f - Jo) 

where X(f) = F[x(t)] denotes the Fourier Transform of x(t) . 



Problem 18: 

Consider an analog signal xa(t) with Fourier transform Xa(jO) shown below, where O is the angular 
frequency in the unit of rad/s. Suppose xa(t) is sampled with sampling period T = 1.5 x 10- 4s, 
and a digital signal x[n] = xa(nT) is obtained for integer n. 

- 1o•n n 

(a) Does sampling cause aliasing? 
(b) Plot the discrete time Fourier transform (DTFT) X (ejw) of the sampled digital signal x[n], 

where w is the angular frequency in the unit of rad/s. 
(c) Suppose x[n] is passed through a digital filter H(eJw) shown below. Plot the DTFT Y(eJw) 

of the resulting signal y[n]. 

H(e;,,,) 

I 
1 

.. 
0.7511" w-0.7S'lr 

(d) Suppose that y[n]is converted to an analog signal Ya(t) by an ideal D/ A converter. Plot the 
Fourier transform Ya(jO) of Ya(t). Note that an ideal D/ A converter has the following relationship 
between the analog and digital signals 

101::;¥ 
otherwise 

where Ya(jO) represents the Fourier transform of the analog signal Ya(t), Y(ejw) is obtained in (c) 
representing the DTFT of the digital signal y[n], and T is the sampling period. 
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