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fBasic Circuit Analysis (20% each)

[Problem 1] For the following circuit, a current—control voltage source
is attached between node 3 and 4. Try to find all the node voltages

(
[Problem 2]
For the following OPAMP, Ra=1k®, Rb=10k®, Ri=10k®, Ro=100%
With A=100, Find
(a) G=Vo/Vs, Ri=Vs/is ,
(a) The close-loop output resistance Ro
R s
L
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{Problem 31 A 3-phase 3-wire 240V network ACB is connectedtoa A
load as shown in the figure below. Try to find (1) the phase current (2)
the line current, and (3) the plot in polar axis.

Vea VaB IA,B/ ‘\,\CA
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F § C
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Zap=10,30° L

Zpe=20490° &
Zap=15,-45° Q

[Problem 4] With a parallel RLC circuit, Try to find
(1) The unity-power—factor frequency.
(2) the voltages on the L and C elements

[Problem 5]

Find the
thevenin
and Norton
EQ ckt

10A
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1. For the power system in Fig. 1, (all units arc in p.u with 100 MVA base). Bus 1 (swing bus) and Bus 2 are
connected by a transformer with impedance of j 0.25 p.u and tap ratio 1:1.05, (25%)
1) Find the equivalent circuit of the regulating transformer.

2) Solve the voltage at Bus 2 by Newton Raphson method for one iteration. The initial voltage of Bus 2

is 1.0.£0° , The voltage level of swing bus [V}|=1.0)

Swing bus
C?) j0.25 Clé)
G %_'—(WTI_
(o— |
T V=020 V,

1,=0.6+j0.3
Fig1

2. With load flow analysis for the system in Fig. 2 (all units in p.u), the bus voltage has been solved as

V1=0,98183.£-3.5035 and V3=1.001254-2.8624°. Solve the power delivered by swing bus and total system
power loss. (15%)

Swing bus

! 0.02 + 0.04 2

: 0.01 +j 0.03 - 0.0125 +j 0.025 :

Vi=1.05 20

| }

1.386 + 0.452

Fig 2

3. A 69KV, three phase fransmission line is 40 km long with per phase series lmped‘mce of (0.125 +j 0.50) Q2

per ki, Determine the voltage regulation and the transmission efficiency when the line delivers 100 MVA
with power factor 0.8 lagging at 66KV. (20%)

4. (1) Describe the critical clearing time and how the equal area criterion is applied for power system stability
analysis. (10%)

(») Deseribe the unit commitment, economic dispatch control for power system operation. (5%
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5. Feor a power system in Fig. 3, the neutral of each generator is grounded with a reactor of 0.1 p.u on a 100
MVA base. The system data are shown as the tables below. What’s the fault current for a double line to
ground fault at Bus 2 through a fault impedance Z=48.4Q . (25%)

% | %

A "L

i
L b Bl

—_
39

Fig3 :

Item Capacity Rating Voltage Rating X! X? X0
_ (MvA) (KV)

Gy 100 20 0.15 0.15 0.05
G, 150 20 0.15 0.15 0.05
T, 100 © 201220 0.10 0.10 0.10
T; 200 20/220 0.10 0.10 0.10
Line X' ) ). G (9)} X' @

Ly 69 o0 150

Lis 60 60 150

La; ' 60 60 150
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1. A spherical capacitor is filled with a dielectric material of & in half of the space
and with another material & in the remaining space, as shown in Fig.Pl.
(10%) (a) Find the potential distribution in the region a < r < b assuming the
potential atr =ais Vpand atr = bisO.
(5 %) (b) Find the electric field in the region a <r <b.
(5%) (c) Find the electric flux density in the region a <r < b.

Fig. P1.

2. (20%) A rectangular loop is located in the vicinity of an infinitely long wire
carrying a direct current [ as shown in Fig. P2. Center of the rectangular loop is
located at x = d + a/2. Find the voltage induced in the loop if it is rotating
about the axis parallel to the z-axis with an angular frequency .

“1

x X
o~ —>

-

o
r—T ’ Fig. P2.

3. (20%) A light ray is obliquely incident from one side of a prism at an angle & as
shown in Fig P3. The angle @, is adjusted to a specific angle i, such that the
incident angle on the other side of the prism is equal to the critical angle of
incidence 8.. Derive the expression for refractive index of the prism in terms
of the angles 4 and .
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Fig. F3.

4. (10%})(a) What is a microstrip line? How to control the characteristic impedance of
a microstrip line?

(10%)(b) A 100 Q microstrip line has an effective dielectric constant of 1.65. Find
the shortest open-circuited length of this line that appears at its input as a
capacitor of 5 pF at 2.5 GHz. Also find the shortest short-circuited length
for an inductor of 5 nH at 2.5 GHz.

5. A standard air-filled K-band rectangular waveguide has dimensions a = 1.07 cm
rand 5=0.43 cm.
(10%)(a) Determine the first two propagating modes and their cutoff frequencies.
(10%)(b) If this rectangular waveguide is made from perfect conductor and filled
with a dielectric material having & = 2.2 and tand = 0.002, compute the
TE, mode attenuation in dB/m at 20 GHz.
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1. The following plot demonstrates the magnitude response of VSB filter.

[EL )]

0 A A A S A

(a) Why the VSB (Vestigial Sideband Modulationg are demanded in
_communications such as TV applications?

(b) Draw the plot of Hv(f - {;).(only Hv(f - {.))

{(c) Derive the requirement for the response of VSB that

Hu(f-f)+ Hv(f+£)=1. _
You must start by the modulated signal denoted as the following

D, (@) :[%F(m —w, )+ % Flo+ a))}H(o)
Where o= 2naf. )
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2. {a) What is the function of the following block diagram.
(b) Prove your answer by appropriate mathematics.
T T T T T R e e — - I

Muodulating Product . MNarrowband

wave > Integrator modulator O - FR.Fﬂ xa\?g
+

A, sin (27 f.1)

-90" Carrier wave

phase-shifter A cos 2xf.) -
| 7

3. The following diagram demonstrates some famous line codes.
(a}) Which one has the best bandwidth performance? Piease explain.
(b) Which one has the best error probability performance? Please explain.

You don’t need to give the namesof codes. Concentrate on explaination.
Binary data O Y 1 [s) 1 o o 1
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e 4, The followmg dlagram demonstrates the ideal bas1c pulse shape of an ideal Nquist o
channel. ) —-H
F2 0
1.0
Qs
Wa ol = S8
2f, T 2
l ‘ '/\2\/ E 1\//2,\‘3 7
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T, {a) What is the idea of basic pulse shape? T
(®) What should be the basnc pulse shape 1f thc channel response (transfer function) is
trlangle instead of rectangle‘7 Please explain.
5. (a) What are the functions of the following block diagrarmg?
What is the function of the block of on-off level encoder?
(&) Give the outlines for computing the bit error rate in terms of the By, and N, as
commonly defined for signal and noise,
m(t) Ty
= 7\K
&1 (1) = +f2/Ty, cos(2at1) >
Binary On-off Binary
data ——3w level . FSK
sequence encoder signal
s{t}
- Inverter
$2(t) = 27Ty, cos(2ariyt)
(a) .
‘fTb dt
[+]
- —=>—Choose 1 ify >0
X —t 0 Decision SRRy
: | Choose Q ify « O
Ty .
> dt
S
Thresheld = 0
@20 . s
. o Voo

.1 Yoo
' {b) v,

e
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Linear Algebra 2005 ~ Each Problem counts for 20 points Page 1/1

1. What is singular value decomposition (SVD)? Why do we need it? Explain
your concepts in detail and then compute the SVD of the following matrix:

1 1
A = 11
0 0

"2, What are the eigenvalues, eigenvectors and the eigenspaces of a matrix? Why do
we study them? Explain your concepts in detail and then compute the
ei'genvalues, eigenvectors and the eigenspaces of the following matrix:

2 -3 1
A = 2 1
1 3 2

3. Find the N(A), RGAT), N(AT), and R (A) of the following matrix: -
" (where N, R and T denote mull space, range space and transpose of a matrix.} -

_ 11 2
A=]0 11
1 3 4

4, Compute the Gram-Schmidt QR factorization of the matrix:

1 2 4
2 0 1
A=1]2 4 2
14 o

5. Let Abe a symmetric tridiagonal matrix (i.e., A is symmetric and ajj = 0 whenever
li-j]>1). LetB be the matrix formed from A by deleting the first two rows
and columns. Show that (where det and M denote determinant and sub-matrix.)

 det(A) = a,; det(My) - (2 )2 det(B)
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1. {15%)Binary Search-
(a) (10%) Given the following list, show the steps of locating the target *357' by binary search:

16 25 78 97 105 131 189 207 210 241 323 357 366 465 501 567 622 793

In particular, show at least the ‘top’ and ‘bottom’ indices in each step.

(b) (5%) For this particuhr cxample, how much faster (in terms of percentage in reduction of

the number of comparisons made) does binary search perform ¢ompared to sequential-
search? .

2. (10%) Sorting ‘
You are told that a list of 10,000 words is already in order but you wish to check it to. make
sure and sort any words found out of order.  Which of the following sorting algorithms would
you chooge: insertion sort, selection sort, mergesort, quicksort or bubblesort? Explain your

answer cleatly. :

3. (25%) Tree/Binary (Search) Tree )
(a) (5%) How many edges are there in a tree if the tree has n vertices? Explain your answer
. clearly.

(b) {5%) 2-tree (or extended binary tree) is useful in analyzing the efficiency of a searching
algorithm. Ifthe height of a 2-tree is 3, what are the largest and the smallest numbers of
vertices that can be in a tree? Use one example each to demonsirate your answers,

(c} (10%) An AVL tree is a binary search iree in which the heights of the left and right subtrees
of the root differ by at most 1 and in which the left and right subtrees are again AVL trees.
As in Figure 1, after deleting node p, rearrange the nodes such that the resulting tree is stjll
an AVL tree. Show the steps of such a rearrangement. Try to make as few moves as
possible. .

(d) (5%) Construct a bi tree such that its preorder sequence is: ABCDEFGHI and its
inorder sequence is: BCAEDGHFL,

4. (10%) Graph
Given a directed graph (as in Figure 2), find its shortest paths from vertex a to every other

vertex in the graph, Show the running steps clearly.
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5. (20%) List
(2) {5%) Given a linked list {as in Figure 3), write pseudocode for inserting a node (pointed by
pointer g) after the node pointed by pointer p. Use null to represent the value of a pointer
that points to nothing, '
(b) (5%) Continued from (a), write pseudocode for deleting the node after the node pointed by
ointer p.
(c) ?10%) gonsidcr using circular array to implement a queue. The ‘front’ and ‘rear’ indices
are used to indicate the beginning and the end of the queue, Describe the problem of
§ distinguishing the condition of an empty queue from that of a full queue. Present one
approach that solves the problem.

front

q (&>

Figure 3

6. (20%) Hash Table
(a) (5%) Given the following pairs of elements and associated key values:

(*Jim’, 234) (*Tom’, 159) (‘Amy’, 933) ("Ron’, 659) (‘Ann’, 054) (‘Kim® 131)
If we put them into a hash table one by one using the hash function:
H = (sum of all the digits in the key) (mod 11)

What does the resulting hash table look like? Suppose the size of the hash table is 11 and
collision is resolved by chaining.

{b) (10%) Design a neéw hash function such that the elements are more evenly distributed than
in (a). Show the resulting table.

{c) (5%) There are two lists. One list contains 10,000 elements and the other contains 25
elements. By sequential search, how much longer does it take, in average (in terms of
number of comparisons), to retrieve an element from the former list than from the latter. If
we put the elements of the former list into Hash Table 1 of size 40,000, and the elements of
the latter into Hash Table 2 of size 100. Suppose the elements are evenly distributed in
both hash tables. How much longer does it take, in average, to retrieve an element from
Hash Table 1 than from Hash Table 27
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- |Problem 1] Given the basic gates such as NOT, AND, OR, NAND, NOR and XOR, you are asked to answer
following questions.

{#) Implements a 4-bit carry-loockahead adder, named CLA4. (10%)
(h) Uses the CLA4, designed in the problem 1.1, to implement a tow-digit BCD adder. (15%)

iProblem 2] Prove the validity of the expression Overflow =y XOR C,.; for addition of n-bit signed 'numbers
(Hint: The C,.; is the carry-out from the MSB position and the C, is the carry-out from the sign-bit position)
{15%) '

[Problem 3]
(2) Show a circuit that implements the gated SR latch using NAND gates only. (3%)

{b) Describe the truth table of the gated SR latch, designed at 3.a, and express what conditions ecan be an
unpredictable behavior. (10%)

[Problem 4] Figure 1 shows a state table for a particular FSM. Minimize the number of states. (15%)

Present | Next State - | Oufput
state w=0|w= zZ
A B C 1
B D ¥ 1
C F E 0
D B G 1
E F C 0
¥ ) D 0
G F G 0
Figure 1
[Problein 5] ‘
(a) Write the code for a negative-edge-triggered D flip-flop with asynchronous reset in VHDL or Verilog HDL
(10%) - :

{b) In VHDL or Verilog HDL, write the code for the traffic light controller, whose lighting sequences are as

Figure 2. After the red lamp lights 2 cycles, the green lamp lights 3 cycles. After the green lamp lights, the
yellow lamp lights 1 cycles. (20%)

Red

&3
(2 Cyclas) (3 Cycles) (1 Cytle)

Figure 2
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1. (15%) In a company of 90 employees, there are 15 managers, 44 persons in engineering division, 35
" female employees. 7 managers are in engincering division. 14 female employees are in engineering
division. 20 employees are male, not managers, and not in engineering division. Find the number of

managers who are male and not in engineering division.

2. (15%)Inan 8 x 8 chessboard, compute the number of all possible L-shape blocks with width W=1, side

length L;=4, and side length L;=3 in any multiple of 90° angles at any positions within the chessboard.
m 8 x § chessbonrd

en L-shape block

tg

3. (15%) Given an unfair 6-face die, on each toss of the die, the probabilities of getting face values 1, 2,3,4,
- 5, and 6 are 0.2, 0.2, 0.2,0.2,0.1, and 0.1, respectively. 'When we toss the die n times, calculate the
probability of getting a total face value = 6n — 4. (You need only write the formula and explain the cases.
You need not perform the calculation of summing up the values.)

4. (15%) Prove that the transitive closure of a symmetric relation is a symmetric relation.

5.. Inacomplete graph of n vertices,
() (10%) Calculate the number of Hamiltonian circuits exist in the graph.
(b) (10%) Calculate the number of all possible spanning trees in the graph.
(c} (10%) If n is an even number, in order to divide the graph into two equal size subgraphs, what is the
~ size of such a cut set in the graph? . .
{(d) (10%) Calculate the total number of all possible cut sets for equal-size bi-partition of the graph as in
subprobelm (c) given that » is even. '
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1. Let X be a random variable, nonnegative or not. {a) For any real =~ 0, show the
Chernoff inequality: (10%)

P{X za}ygse ™M, ()

where M , (1) is defined in (P-1). Next, if X, X,,..., X, are considered to be
independent  random  variables with  moment  generating  functions,
My (1), My (), ..., My (1), respectively, where M , (1),is defined as

My ()= E[e™1= [ e f, (x)dx, (P-1)

(b) If we let the random variable Y = X + X, +...+ X, ,please find M, (¢),in
terms of M , (1),1=1,..., N. (10%)

(¢) Now, assume that X, is with Gaussian distribution (or Normal variable), and the
probability density function (p.d.f.) is given by

1 x —,m;:)1
— - 2o
fx,(x.') = o e Ty

i

where the mean and variance are defined asy, and o, , respectively. For N=2,
please compute M , (¢£) 7 (10%).

2. (Sum of Poisson random variables) Let X and Y are random variables with Poisson
PMF as follows:

R 1 _
PX(k)=Ee Mk
and
. 1 )
Pr(J)=?e Y12,

(2) Find P[Z=m] where Z=X+Y (10%) (b) Compute P[Z < 5] for A,=2 and J=3. (10%)

3. Three uncorrelated random variables X, X;, and X, have means =1, g, =-3,and
45 =1.5 and second order moments E[X;* 1 =2.5 , E[X,® } =11, and E[X;? ] = 3.5. Let
Y=1X, - 2X2 + 3 X3 be a new random variable and find: (a) the mean value (10%), and
(b) the variance of Y. (10%)

4. Let the random variables X and Y be independent and Gaussian, and let each have a
mean of zero and a variance of o°.

xz

Fr@) = 1y () = grexpl- 5]
If a new random variable Z is defined by
Z=XY
(2) Find the conditional probability density function of Z given Y. (15%) (b) What is
the probability density function of Z (15%)?




’

B L b K2 AT B BRI 3 A A RAR
B I TRBEEL [(S#AELIHECA) exn | x

1. QS%AMzHERRESREE A4 A LB - 2R B AN EEHG - ol
A B @) AT -
Part I (135pts). Apcnodlc signal x(t) hasaperiod =2 and

1, tje ] ] = .
x() = I#t< . Represent x(f) in complex Fourier series x(¢) = Z X[kl ,
0, 1<ricl ol

where @, is the fundamental angular frequency. Find

(@ X[0]=__ (1) . () X[0]-X[]+X[2]--=__(2) .(c) iX"[k]: 3y .

Jm—c0

Part IT (10pts). The Fourier transform of x(¢) is defined as

L Jrkg

X(jw) 2 He ™ dr. S =4 . .
(jw) ﬂx( Je uppose  x{f) {0, otherswise

(a) Find X( j'fr) =__(4) .(b) Calculate the following convolution integral
Esxn(m) sin[2x(t ~7)] dr 5

ar(t~1)
2. (40%) ‘This problem contains two parts with 20 points in each part. ONLY ANSWERS WITHOUT
PROOF are required in both parts,

Part | %S5 6o T8 - b8 F4H ABE £ F 207 wRME ARG - MEE 0 EIRHME - 3

BAEIEIE HHIRA MR EHGRS - BT AT HEMER T

(S1) If a>b and b>c,then aZc. _

($2) Let Ae R™".Then matrix A issingular if and only if det(A)=0.

{83) Let AeR™. Then all columns of matrix A are linearly dependent if and only if null space
N(A)={0}. .

AREH RS fo KB T A i (S1HR AL « MSD (SR - BTN ERLT !

answer for Part I _
wrong statement  correction {may be written in Chinese)

82y . The staternent is true only when A is a square matrix, i.e. when m=n,
(53) N(A)={0} should be corrected as N(A)= {0}.
XME

. PEASALANE B8 BAheE- AT RAEENEETEE TP TRA -

2. EREPLEEF(SIHETEER : " only if part”#cifl # 49 linearly dependent # g linearly
independent « B sb B @ MAEALR » #—AE | FHRBEGHK—MAE LIRS OLNTHPY » HLE
#“only if part”#A<if part” i &4k fp @ By EL0F » Tk R ENGT part” freg 4k (Eop AR
“only if part” ¥ il A B A ) - FHT - ARG ER—ERLBROER -

A EE T K G

o H-MEARHEL2 N pREMAREGEELES - AITES 3 4 (Bib H— 055 RR R E5K
HREEXATHFHS & Ao ENTRESGEERRE - ETHE 20 9) - o RBIF TR ERFFHRH
HEERES MEHAMRGEER 1 & MR 1o RRM T EAASHIE - 287 RHAR4T
RE-AHTRH2.

o F—EBROSHAERFTTRUAEE)S ik 4 9 Af > Jodreh st UM LBIH 2058 F€¢H
x| Part IE s 4F 3 »

Bt RGPS R LAt ATHE 104 - 22 pREGERET

answer for Part I: '
wrong statement  correction (may be written in Chinese}

(1)) a=>c¢ should be correctedas a>c.

_ (83} N(A)={0} should be corrected as N(A) = {0}.
AR a488) 1 % - B4R ATAT8E-
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Part I (20%): Let m and n be any two positive integers and let Ae R™ and be R" be arbitrary.
We use R(A) to denote the range or column space of A and N(A) to denote its null space. In the

following (S1) to (S8) eight statements, at least four of them are wrong. Please choose arbitrary four
statements that you think are WRONG and write the correction as simple and precise as possible in your
answer.

(81) FEither exist xe R" to satisfy the linear $ystem Ax=b or exist ye R"N(A") such that (yf: b)#O.
(S2) Either (b, Ax)=0 for VxeR" or (b, Ax)>0 forevery nonzero x&R".

(83) Matrix A has a right inverse, i.e. 3B R™™ such that AB=1,, if and only if A is full row

rank, i.e. all rows of A are linearly independent. In that case, the linear system Ax=b is always
consistent, i.e. it is always solvable.

(S4) The linear system ATAx = A"b is always consistent if and only if matrix A is full row rank.

(S5) Matrix A”A is nonsingular if and only if matrix A is full row rank. In that case, the linear system
Ax =b has at least one solution whenever it is consistent. When the linear system is inconsistent,

however, it has a least squares solution described by the vector X=(A"A)"A'b , ie.
NA%~bll, < NAx-bll, for Vxe R".
(S6) Suppose A is not a full rank matrix, i.e. assume rank(4) = k < min{m,n). Then 3Qe R™

and Re R™ such that A = OR, where all columns of { are orthonormal and R is a
non-square uppet triangular matrix.
(S7) From the QR factorization of a not full rank matrix A, ie. A = QR as mentioned in ($6),

obviously we know "R(A) < R(Q). But the reverse inclusion R(Q) < R(A) does not hold because
of the existence of matrix R. ' :

(S8) Let L be the linear transformation from R" to R"™ defined by A, ie. L(x):= Ax for any
xeR". Let L' be the linear transformation from R™ to R" defined by A", ie. L'(y):= ATy
forany ye R™.Then 3ve R” suchthat L(v)=b ifandonlyif be Ker(L").

Part Il &4 w8  H=ATHLRAM e TR - BHAEH SN — SR ER - A
2EH N o AT R T -

Part X1 (20%). Let A be an nxn real matrix. Denote S and T as the symmetric and
skew-symmetric parts of A, and let the eigenvalues of AAT, S,and T be o, B, and ¥ for
i=1,--,n, respectively. Please answer following questions without giving any proof.

{a) (6%) Whatare § and T respectively?

(b) (2%) What is the value of trace(ST -T5)?

(¢) (6%) What is the relationship between Z":a', . z"; B, and iyf ?
i=1 i=i

i=1

(d) (6%) Without loss of generality, suppose n=3 andlet B # f, and ¥ #7 be two pairs of distinct
eigenvalues of S and T, respectively. Let u, be a nonzero vector in the mull space N{(S-41)

and, similarly, let v, be a nonzero vector in the null space N (T-yI) for i=1,2, respectively.
Then what are possible pairs of w,'s and v 's?

(A) w=[10 0F, u,={0 1 1" and v,=f1 i -1J", v,=[0 1 —i]"
(B) u,=[t 0 0, u,=[0 i I and v,=[ 1 -IF, v,=[0 1 1

© w=0 0 -, u,=[2 1 V21" and v,=fi 1 OF, v,=[0 0 1f
D) w=[t 0 I, uy=(-1 1 2F and v,=[1 1 1], v,=[0 -1 1

(E) All of above statements are cotrect.
(F) None of above statements is correct.

3, (15%) Fing__t_he géneral solution of { ®x2 Xy + y2) dx -~ x2 dy = 0.

: . . -t
4. (20%) Fingd the Laplace transform of the followina function: t e “sinh 2t




EESSPE VRN L Y TRy e

B ERSHE (TR AEERE) YEENE

L. {20%) Identify two differences between the following terminology pairs.
(1) (5%) Distributed-Memory multicomﬁuter vs Cluster Computer
(2) (5%) PowerPC architectures vs Itanium architectures
(3) (5%) Write-Through Cache vs Copy-Back Cache
(4) (5%) RAID-1 vs RAID-2

I (20%) Instruction Set Architectures

(1) (10%) Assume an instruction set that uses a fixed 16-bit instruction length to provide three types of

instructions: zero-operand, one-operand, and two-operand. Operand specifiers are 6 bits in length.
There are K two-operand instructions and L zero-operand instructions. What is the maximum
number of one-operand instructions that can be supported.

(2) (10%) Design a variable-length opcode to allow all of the following to be encoded
in a 36-bit instruction.

7 instructions with two 15-bit addresses and one 3

-bit register number.
500 instructions with one 15

-bit address and one 3-bit register number.
30 instructions with no addresses or registers.

III. (20%) Assume the exponent e is constrained to lie in the range 0 <
base is b, and that the significand is p digits in length.

(1) (10%) What are the largest and the smallest positive values that car
(2) (10%

= e <=X, with a bias of q, that the

be written?
) What are the largest and the smallest positive values that can be written as normalized
floating-point numbers?

V. (20%) Cache Memory Design 7 o

Consider a 32-bit microprocessor that has an on-chip 16 Kbytes four-way set associative cache,

Assume that the cache has a line (or block) size of four 32-bit wprds. - _

(1) (5%) Show the 32-bit physical address (Show how many Tag bits, Set bits, and Offset bits). .

(2) (5%) Where in the cache (by indicating the set number) is the double word from memory location
ABCDESFS8 mapped? .

(3) (10%) Draw a block diagram of this cache showing its organization and how the different address
fields are used to determine a cache hit or miss.

V. (20%) A two-level memory system has eight (page 0 to page 7) virtual pages on a disk to be mapped
into four page frames (PFs) in the main memory. Assume each page has 4 words.
The i-th page in disk consists of word address from 4: to 4/+3, where i = 0 to 7.
A certain program trace generated the following word address,
0,1,2,5,6,7,8,9,3,4,9,10,4,5,10, 11, 6,7, 13, 12, 16, 17, 14.
(1) (10%) Show the successive virtual pages residing in the four page frames u§ing FIFO
(First-In-First-Out). Assuming that the main memory PFs are empty initially.
Compute the Hit Ratio.

(2) (10%) Repeat the above usingrLRU {Least Recently Used). Compute the it Ratio.
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Part I (15pts). Apenochc signal x(?) has a period I'=2 and

x(t)= L I7l<3 Represent x(r) in complex Fourier series x(t) = i X[ke
0, ! frat

where @, isthe fundamental angular frequency. Find

@ X0}=__ (D . () X[O-XN+X2—=__ @ () 3 XK=_(3) .

km—an

Part II (10pts). ' The Fourier transform of x(¢) is defined as
Lo Jr<d
X(jw) e e ™™ dr . Suppose x(8) = :
(o) j:x( )e PP *©) {O, otherwise

() Find X{jz)=__ (4) _ . (b) Calculate the followmg convolution integral
[: sin(zrr) sm[Zn'(t )] dr= 5)

zr(t—7)

Part 1 (10pts). Let field G(x,y,2)=4a,(x— yz)+&,(y" —2x) +d,(z* - x).

(a) Find the line integral L @(x, y,2)-dl =___(6)___, where C, is a segment of the curve
y=x%, z=2x from (0,0,0)to (1,1,1).
(b) Compute the sum of line integrals Lé(x, y.2)-dl + Lé(x, y,z)-dl where C, isthe

straight line from (1,1,1) to (0,0,1) and C, is along the z -axis from (0,0,1) to (0,0,0).

Answer: (7)

2. (30%) This problem contams two parts with 15 points in each part. ONLY ANSWERS WITHOUT
PROOF are required in both parts.

Part T R 1845 3 8CEM - AR T A R BEGK » £ P 207 Mk R 4858y - i#&':&;ﬁﬂi&ﬁé{t#iﬁ it
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(S1) If a>b and b>c,then a2c,

(52) Let Ae R™ .Thenmatrix A issingular if and enly if det(A)=0.

(83) Let Ae R™". Then all columns of matrix A are linearly dependent if and only if null space
N(A)={0}.

BARBPPMIERIE TR Hoo B (SRR AU « 5 (S2)Ae(SI) R 841R 40 4L » H A AR T 805 5 4o T

answer for Part I;

wrong statement  cormrection (may be written in Chinesc)
(S2) The statement is true only when A is a square matrix, i.e. when m=n.
(83 N(A)={0} should be corrected as N{A) = {0},

HEMER ¢

L RENBELANE M DA MR TSBRANEEHEEEE T TEA -
2. Y AEEEEDN(SDET L ER M only if part”sL i ¥4y linearly dependent 2 g% linearly
independent * Bl b A RAMAALR » h—ME | LEBEE B2 LSO HIRY  HEF
2 “only if part” 4 “if part” & s gralsh Pp 9 & E 8 0% » 3% 2 IE U part” b sy ik - F ¥ Fib— 4,
REOHER—FREMBHEER -
I PR P . e -0
¢ B—AEEHEELE LS wREMEREHPELTESE - ATEEI S (Bt H-BEANERR TS
P ERTHES 4 Mo b BN EERGEHEREE  BTHI 20 4) » 2o RBIFE » 2R FRA4
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answer for Part It
wrong statement  correction (may be written in Chinese)
(81 a = ¢ should be corrected as a>c,

(83) N(A)={0} should be corrected as N(A)# {0).

BB 1 4« AR T B 4T -

Part I (15%): Let m and n be any two positive integers and Jet Ae R™” and e R" be arbitrary.
We use R(A) to denote the range or column space of A and N(A) to denote its null space. In the

following (S1) to (S6) six statements, at least three of them are wrong. Please choose arbitrary three
statements that you think are WRONG and write the correction as simple and precise as possible in your
answer. '

(S1) FEither exist xe R" to satisfy the linear system Ax=Db or exist ye R" NN(AT) such that
{y.b)=0. :
(S2) Either (b, Ax)=0 for VxeR" or {b, AX)>0 foreachnonzero xeR".

(S3) Matrix A has a right inverse, i.e. 3Be R™™ such that AB=1T,_, if and only if A is full row

rank, i.e. all rows of A are linearly indepehdent. In that case, the linear system Ax=>b is always
consistent, i.e. it is always solvable,

(S4) The linear system A”Ax = A"b is always consistent if and only if matrix A is full row rank.

(S5) Matrix ATA is nonsingular if and only if matrix A is full row rank. In that case, the linear system
Ax =D has at least one solution whenever it is consistent. When the linear systern is inconsistent,
however, it has a least squares solution described by the vector R:=(ATA)"A'b , ie.

HAX-Bil, < [l Ax-Dbll, for Vxe R".
(56) Let L be the linear transformation from R" to R™ defined by A, ie. L(x):= Ax for any

xeR".Let L' be the linear transformation frorn R™ to R" defined by A™,ie. L'(y):i= ATy
forany ye R™.Then JveR" suchthat L(v)=b ifand onlyif be Ker(L").

Part IL 4 S48 F48 + CAARARK AL « SLA0Hr 248 Rl «

Part II (15%) Let A be amn nxXn real matrix. Denote § and T as the symmetric and
skew-symmetric parts of A, and let the eigenvalues of AAT, §, and T be ¢, S, and ¥ for
i=1,---,n, respectively. Please answer following questions without giving any proof,

(a) (6%) Whatare § and T respectively?

(b} (2%) What is the value of trace{ST —-T5)?

{c) (7%) Whatis the relationship between Zaf , Z B, and 27’2 7

iel

. z+8
3. (15%) Evaluate 4 -——+————dz by using the residue theorem,
z —

‘whereC: |z1=3 and z=x+iy

4.(20%)Find 1_:_h'e general 'Solution of ( %% + xy + Y:Z) dx - x‘2 dy = 0.
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{. For the circuit shown in Fig 1, (a) break the feedback loop at X and find the loop gain &4,

then (b) find the frequency of oscillation f5 and (c) the minimum required value of R, for
oscillations to start in the circuit. 20%

-

Figure 1.

2. In Figure 2 an inverter fabricated in a 0.12um CMOS technology uses the minimum
possible channel lengths (i.e..L, = L, =-120nm). () If W, = 180nm, find the value of W,
that would result in Qyand Qp being matched. (b} For this technology, £°, = 160ptA/V? and
k', = 54uA/V? with the supply voltage ¥pp = 1.5 V and the threshold voltage ¥, = 0.5V.
Calculate the value of the output resistance of the inverter when vo = Vor (“Low™ level at
the output). 20%

Y
."‘D'D'

Figure2. Figure 3.

3. Consider the source-follower circuit shown in Figure 3. The most negative output signal
voltage occurs when the transistor just cuts off. Show that (a) this output voltage ve(min)
and (b) the comesponding input voltage vi(min) with respect to Ipg, 8w Rs and R;.
20% ' '
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Figure 4 shows an op amp connected in the inverting configuration. The op amp has an
open-loop gain x = 10% a differential input resistance Ry = 100k(), and an output
resistance »,= 1k{2. Use the feedback method to find (a) the voltage gain V,/V,, (b) the
input resistance R,,,, and (c) the output resustance R 20%

1

L . . 3
Ry R

Figure 4.

(a) Using a simple (r- and g,,) model for each of the two transistors Qs and Q,y in Figure
5.a, find the small-signal re51stance between 4 and A°. Where Ie;p = 165 44 and Iy = 16
pA. 10%
(b) Figure 5.b shows the circuit for determine the 741 op-amp output resistance when vy, is
positive and Oy, is conducting most of the current. Using the resistance of the Q5 and Oy
network calculated in 5.(a) and neglecnng the large output resistance of Q3,, find R, when
(.4 1s sourcing an output current of SmA. 10%

“,

I'\ 134

R _

. s
R10'= 40 kﬂ:

SET o o° Q
iRoz Z g1k0 ]

Figure 5.a Figure 5.b

#2882
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1. Answer the following true-and-false problems. Correct each statement if your answer to that statement is “false”.
No credit will be given if you reply to the question only with the answer *false”, or your corrected answer is not
correct. - _ '

(a)(4%) The initial-value theorem is applicable to linear time-varying systems.

{b)(4%) The final-value theorem is applicable to any linear time-invariant systems.

(c)(4%) Consider the following MIMO feedback control system, where R(s) € R”*!, Y(5) € R, We can
obtain the closed-loop transfer function matrix as

M(s) = [T+ H(G()] 7 Gs).

R(s)4 ) @),

H(s) |+

(d)(4%) If the transfer function of a control- system has pole-zero cancelation, then this system is not controllable,
but is still observable.

(e)(4%) When we apply paralle]l decomposition technique to a transfer function {no pole-zero cancelation) of a
control system, we can always obtain a set of state equations with diagonal canonical form.

(N)(49%) Adding a zero to a second-order prototype closed-loop transfer function will generally decreases both the
rise time and the maximum overshoot of the step response.

(2)(4%) The asymptotes of the root loci 1 4 kG (s) H(s5) refer to the angles of the root loci when & = =:c0.

(h){4%) Bode plot can be used for stability analyéis both for minimum and nenminimum-phase transfer function.

(i)(4%) Assigning all the eigenvalues to the left-half of s-ﬁlane still can not guarantee the stability of a linear
tiﬁe—vawing system. ' '

(i))(4%) Nichols chart can be used to find bandwidth and the resonant peak value of an ;)pen—loop system.

2.(10%) Suppose that a designer wants to analyze a control system whose signal-flow graph(SFG) is show below.

ey

Now he wants to use the Mason rule M = youe/ Yin = Z}L] MipAyf Ato compute the transfer function y4/ s,
where N is the total number of forward paths between 3, and po.r, My is the gain of the kth forward paths
between ¥i, and Yoy, and ' '

A = 1-—(sumofthe gains-of all individual loops)
+ (sum of products of gains of all possible combinations of two nontoching loops) — - --

Ar = the A for that part of the SFG that is nontoching with the kth forward path
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The computation results of this designer are shown as follows:

N = 2,
My = axpay, My=an
A = 1T —(a23@3 + a3qa4s -+ Q24040037 -+ Aaa) + dr3a32044

Al = ], Az=—‘1

Are the computations correct or not? Point out which step you think that is not correct, explain your reason, and

re-compute the transfer function ya/ ya.

3. (10%) For the feedback system of Fig. 1, please design a second-order G(s) such that the overall feedback
system is stable and the steady-state tracking error ¢ is zero when applied with r(#)=sin{2z).

‘4. Consider the feedback system of Fig. 1 with the Nyquist diagram of G(j®) sketched in Fig. 2, where point
A is -02+0 ( @=2800 rad/sec), point B is —(w/g-!— /4 { @=600 rad/sec), point C is —(1+ j)l\/i

( w =200rad/sec). Assume G(s) has no poles in the right half s-plane.

(1) (5%) Please determine the stability of the feedback system from its Nyquist diagram.,

{2) (10%) Find its gain margin and phase margin.

{3) (5%) Suppose input r is a unit step function, please find its steady-state regulation error &(z).
i4) (5%) Suppose r{t)=cos(600r), please find its steady-state output response y(t).

5. Consider the system of Fig. 1, where G is described by

#=| 7 Ol e vl ol
ol

{1) (5%) Find the transfer function G(s).
(2) (5%) Determine the range of k for a stable closed-toop system.
(3) (5%) Determine the range of % so that no overshoot in output y(z) is found with a step input r.

_ 4
-1+0 A —>00
B
¥ + e Y

— 50 G(s) > c
Gljw)

G({0)=-0.8+jo

Fig. 1 ' Fig. 2
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Physical constants:
K=138x102 J/K e=1.60x101 €0 =8.85x 1012 F/m
KT (300K)=0.0259V h=6.625x 103 J-s Eg; Si=1.12 eV (300 K)

€s=11.7 € - (St; mn* =1.08 mo; mp* =0.56 mo)
GaAs; Nc=4.45x 1017 cm3; Ny = 7.72 x 1018 cm3

1). Consider a GaAs MESFET with a gold Schottky barrier with a barrier
height of 0.8 V. The n-channel doping is 1017 cm-3 and the channel
thickness is 0.25 pm. Calculate the 300 K threshold voltage for the
MESFET.(15%) - '

2). To calculate the built-in poteﬁtial barrier, the space charge width and
electric field in a p-n junction. Consider a silicon p-n junction at T=300
K with doping densities; Na=1x10!6 cm? and Nd = 1x101!$ ¢m-3. (20 %)

3). Coﬂsider a GaAs p-n diode with the following parameters at 300 K:

Electron diffusion coefficient 30 cm?2/V-s
Hole diffusion coefficient 15 cm? /V-s
p-side doping =~ . 5x10%cm?3
" n-side doping . 5 x 107 cm-3
Electron mobility carrier lifetime Wm=1038g
Hole mobility carrier lifetime T,=107s

Calculate the injection efficiency of the LED assuming no
recombination due to traps. (15%)

4). Calculate the probability that a state in the valence band is occupied
by a hole; assume the Fermi energy is 0.25 eV below the conduction
band. and calculate the thermal equilibrivim hole concentration in
Silicon at 300 K. .(20%}) :

5). Derive the Einstein relation. (10%)

6). To determine the diffusion coefficient given the carrier mobility.
Assume that the mobility of a particular carrier is 1000 cm? /V-s
at T = 300 K. {10%)

7). Compare the properties of the p-n diode and the Schottky diode.
(10%})




