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1. (10%) Let x(f) be arectangular pulse defined by x(r)=1, [#|<1/2 and
x(r}=0, otherwise. The corresponding Fourier transform is denoted as

X(j),ie, X(w)= [ xtyexp(~joryds. Find
@ [ X(jo)dw

® [1X(o) do

2. (15%) Let z(f)=x(t)* p(t) = ’[:x(r)y(rﬁr)dr.
{(a) Prove the area under z(f) is the product of the areas under” x(¢) and p{#)

over the interval —eo <f <o0. {10%)
(b) Give an interpretation (5%)
3. (10%) For an arbitrary vector A(x,y,z)
(a) find an expression for the x component of VxVx4

(b} find an expression for the x component of V(V- A

4. (20%) Let's consider the vector space C[-z,#] with inner product defined by
1 ¢=
(f8)=—[ f0gxd.

(a) (3%) What is the dimension of C[-m,7]? (Explain your answer.)
(b) (7%) Show that {cosmx, m=1,2,...; sinnx, n=1,2,...} isan orthonormal set.
{c) (10%) Let ||-|l, be the nomm induced from the inner product. Determine || cosmx —sinax||; .

5. (10%) Let a=[a,a,]; =[5 -F,]. Define 4:=a-f.
{a) (5%) What is the rank of matrix 47 (Explain or prove your answer as well.)
(b) (5%) Find all eigenvalues of matrix 4.

6.(15%} Find the general solution of the following differential
equation:

(y + xey¥)dx + 3x dy = 0

7.(20%) Use the Laplace transform to solve the following initial-
value problemn:

y" - 4yt + 4y = St -1 ), ¥y (0) =0, y'(0) = 1
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To form a single—stage IC MOS amplifier with active load, a
MOS transistor is biased using a constant current source.
This amplifier can be designed in three different
configurations, viz. common source, common gate and
common drain. (a)Please draw them respectively. (b}What is
the other ngme of the amplifier designed in a common drain
configuration? {¢)Derive the small signal equivalent
gircuit of the common drain MOS amplifier including the
body effect. (d) Please find out the voltage gain in {c} and
explain its characteristic. (e) As in (c), how to determine
the output resistance? (5% * 5) '

Congider the circuit shown in Fig.2. Signals ¢; and ¢; are
nonoverlaping clock signals. (a)Describe the operation of
the circuit and (b)Derive the logic function implemented.
(c) Discuss any possible relationship between the
width—to-length ratios of the load and driver transistors
for “proper”circuit operation. (5% *3)

For a.- nonideal inverting amplifier as shown in Fig.3, (a)
Define the input bias current Iy and input offset current
Ips . (blHow to reduce the effects of the input bias and the
offset currents by introducing a resistance Rzin the
circuit? (c) Derive the expressions of the cutput voltage ¥,
to explain the reducing. (3% *3)

For the circuit of shown in Fig.4., {a)What is the circuit? (b)
Derive the loop gain of the oscillator included. {c)What

‘will be the frequency of the oscillation? (d)To ensure that

oscillations will start, what is the value of R2/R; one should
choose and set? (e)What are the values of the positive
output peak and the negative output peak? (5% * 5)

For the c'ircuit of Fig 5, the op amp has open—1loop gain Az =
10* v/V, differential input resistance Hiq= 100kR2, and
incremental output resistance r, Please use the feedback
method to find {a)the voltage gain V,/V., (b}the input
registance R;and (¢)the output resistance R,. {d}What is the
configuration of the feedback amplifier? (5% »4)
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. Consider a germanium sample in which Ng = 5 x 10* em™. At
T==300°K, the germanium sample has the following properties : E,
= 0.66 &V, and n; = 2.4 x 10 ¢cm~3. Calculate the electron and
hole concentrations at T=300°K and T=350°K. (note: Boltzmann’s
constant kp=8.62x107% eV/K) (16%)

. An abrupt silicon pn junction at zero bias has dopant concentrations of
N,=10% cm~? and Ng = 2 x 107 em™ at T = 300°K (n; = 1.5%10'
e3¢ = 11.8 65,60 = 8.85 x 1071 F/em?). Calculate (16%)

(a) The build in voltage V.
(b) The depletion width W.

(¢) The maximum electric field maz-

. Derive the current-voltage equation of the Schottky diode using the
thermionic emission theory. {17%)

. Derive the expression of the drain current I for the n-channel JFET
in the linear region and the saturation region. The device has follow-
ing parameters : channel length L, width W, and thickness 2a. The
mobility g is assumed to be a constant. (17%)

. Consider a pnp bipolar junction transistor with base width Wy, base
doping Np, and applied voltages Vgp and Vpp. Derive the general
expression of the hole distribution in the base region. (17%)

. The charge distribution in the oxide has an effect on the threshold
_voltage Vi Find the threshold voltage variation AVr due to a sheet
of positive charge Q,, per unit area within the oxide located z' below
the metal gate {note: =’ < toz ). {17%)
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1. (10%0) Let x(f) be a rectangular pulse defined by x(f)=1, |#(<1/2 and

x(t) =0, otherwise. The corresponding Fourier transform is denoted as

X(jo),ie, X(jo)= [ x(tyexp(-jor)ydr. Find
@ [ X(w)deo )

® [1x(e)do

2. (15%)Let z(f) = x(t)* y(t):J:x(r)y(t—r)d'r.

{a) Prove the area under z{f) is the product of the areas under x{f} and {1
over the interval —o <f <. (10%)

(b) Give an interpretation (5%)
3.{(20%) Let's consider the vector space C{—m,z] with inner product defined by

(f.8)i=— [ £()glas

(a) (3%) ~ What is the dimension of C{-z,#]? (Explain your answer.)
(b) (7%) Showthat {cosmx, m=1,2,...; sinnx, n=1,2,...} is an orthonormal set.
(c) (10%) Let |||, be the norm induced from the inner product. Determine {fcosmx —sinnx |}, .

4.(20%) Consider the RC op-amp circuit shown below, where the ideal op amp is assumed to be operating in
its linear region and Iet the voltages across capacitors C, and C, be denoted as the state variables x, and

X, , respectively.

R2 x2 =2
AN -
R3 ° o -0
+ +
u() —=CI ) ¥(
O

(2) (10%) Find the parametets A4,b,c¢,d in the dynamic equations

x=Ax + bu
y=cx +du
used to describe the circuit, where x:=[x, x,]7.
(b} (10%) Show that, no matter the initial value of x(0), the zero-input response of the circuit will always
die out asymptotically provided that all the resistances and capacitances are positive.

5.(15%} Find the general solution of the following differential
equation:

(y + x2v%dx + 3x dy = 0

6.(20%) Use the Laplace transform to solve the following initial-
value probklem:

y" - 4y’ + 4y = S t -1 ), ¥y {(0) =0, y'{0) =1
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1.(a)(6%) The circuit shown below has a nonlinear conductance G such that ig = g(vg) = vg(ve ~1)(ve—4),
where i and v are the states and u is the input. Write the state differential equations of this circuit.
(b){6%) Suppose that the state differential equations you obtained in Part (a) are -

di —';l-v
at
% = —i+g(u—f;)

Find the linearized model of the system about the equilibrium point ¢ = 1, i =v =0.

s . G S
—_— |
+ vo - ‘+|
v -

u+ L~1 %&, R=1

2. Suppose that the closed-loop transfer function T'(s) of a type 1 system is

(s—z)(s—z) - (8~ zm)
(s —p1)(s —pa): (5 —pn}

T{s)=k

The system exror is defined as E(s) £ R(s) — ¥ (s), where R(s) and ¥ (s) are the transfer functions of the
input signal and output signal respectively. Prove that, '

(a)(4%) the DC gain of this system is unity, i.e., T(0) = 1.

(b}(6%) by using Part (a), the steady-state error of this system (type 1} due to a unit ramp input is

. dT1 4 1

Cs =" GT K,

(€)(6%) e m

Hint: Use the result of Part (b).

3.(14%) Prove that the system with impulse response h(t) is BIBO-stable if and only if the integral

f ~ Ih(r)ldr < oo

—00

4. Given a characteristic eqﬁation of a control system as

S(s+12) +k(s+1)=0, k>0

Find the

(2)(3%) open loop poles and zeros,

(b)(2%) intersect of the asymptotes (Centroid),
(€)(2%) angles of asymptotes,
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{d)(2%) departure angle of the point s =0,

(e)(3%) intersection of the Root Loci with the imaginary axis and the value of k,
{f)(4%) breakaway point(s) and corresponding value(s) of k.

{£)(3%) Sketch the Root Loci for £ > 0.

5. Consider a control s‘{/stem with the loop transfer function

K(s—-1)

_—— -0 < <
L{s) ST o< K <oo

* (a)(5%) Sketch the Nyquist Plot of this system for X > 0.

(b)(6%) Using Nyquist criterion, determine the range of K (> 0) such that the closed-loop system is stable.
If the system is unstable due to the range of K, find the number of closed-loop poles in the right-half
of s—plane.

(c)(6%) Using Nyquist criterion and the Nyquist plot of K > 0, determine the range of K {< 0) such that
the closed-loop system is stablé. If the systeni is unstable due to the range of K, find the number of
closed-loop poles in the right-half of s—plane.

6.{22%) Give answer true (T} or false (F) to each question shown below:

(2) If the numbers in the first column of Routh’s tabulation turn out to be all negative, the equation for
which the tabulation is made has at least one root not in the left half of the s-plane.

(b} When a row of Routh’s tabulation contains all zeros before the tabulation ends, this means that the
equation has roots on the imaginary axis of the s-plane.

(c) Linear and nonlinear frictions will generally degrade the steady-state error of a contrel system

{d) The location of the roots of the characteristic equation in the s-plane will give a definite indication on
the maximum overshoot of the transient response of the system.

(e) There is only one intersect of the asymptotes of the complete root loci.

(f)At the breakaway points on the root loci, the root sensitivity is finite.

(g} The intersect of the asymptotes must always be on the real axis.

(h) Tor a prototype second-order system, the value of resonance peak M. of a closed-loop system depends
solely on the damping ratio ¢.

(i) The slope of the magnitude curve of the Bode plot of L{jw) at the gain crossover usually gives an
indication of the relative stability of the closed-loop system.

(i) A Bode plot can be used for stability analysis for minimum- as well as nonminiraum-phase transfer
functions.

(k) Given the following characteristic equation of a linear control system, increasing the value of K will

increase the frequency of oscillation of the system:

#4345+ K =0
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1. (10%) Prove that p—> (q— 1) A q)e-. r

2. (10%) Given a relation R as in the following matrix, where (X,Y) = 1 means node X precedes node Y

110011
010000
0111060
001100
100010
000011

(a) Draw a directed graph to represent the relation.
(b) Calculate the matrix of transitive closure of relation R.
3. (10%) Prove the two equations:
@ Vaxy=1 +x+XAF v e e
() V(lxP=1+2x+3x+4’+ » = +
4. (10%) Given a bag having a white ball and x number of balls with distinct colors, let us take a ball from
the bag, record its color, put it back, and repeat for n times.
(a) Calculate the number of possible distinct drawing runs with exactly n-r white balls and r balls of
other colors being drawn in the run,
(b)  Use the result of (a) to prove (14+x)" = 2 _(Cln,1)*x’
5. (15%) Given the following recurrence equation, derive the function A(n) fora, .
a,=a,, Fa, ifkisodd
a =2%a,, ifkiseven
a, =1
a,=2
6. (15%) A street map is shown in the following figure. Derive the number of minimum-distance paths to

traverse from location A to location B,

A

. .
7. (15%)Prove that the following two statements are equivalent:
(2) A graph has all its vertices with even degrees.
(b} A graph has Euler cycle(s).
8. (15%) Given a graph G(V,E) which is a forest (k pumber of trees) and has 7 vertices and e edges, prove
thatr=e+ k.
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1112 53] 58 TEEREREIRIRE (Prefix) » tifF (Infix) KR (Postfix) Tk » i
BEEREN BN ¢ (R C EERVEAH Hrp$ForEBEERD
(a) at({((b-c)*(d-ey+)/g)Bh)
(b) ++a-*$bed/+ef*ghi
(c) abcde-+$*ef*-

208 43] 2 Cln s n LA RSERN k A + SRR B R E RS S
(a) B3 * Cnk)=C(n-1,k)+C(n-1,k-1) ° '
(b) H—EERRE Cak) > Hdn-k21-

3.(15 53] TIES— linked queue FEFIERCIEARYEIY *

rear front avail
{ i {
{izHk: 1 2 3 4 5 6 7 8 9 10
#Hh ) 38 70 19 56 79 18 2 66 30 43
G 9 5 1 0 0 3 6 2 10 4

ok front F5rEA linked queue 2 SEATHERE | rear 3R] linked queue ol ==\ ki1
avail o1 T— B ERRAE RIS -
(a) FHEHE linked queue ©
(b) Hi7% linked queue B A—EGEHES 9 4 - FEHRERE R REL
#Y linked queue °
(c) (b)FTiE Y linked queue H + THER(ESS 38 HITTHRZ 1 HEHEREEEY
e B B A Tinked queve » (VR AGHHE (rbk M A BRI E - )
(d) ¥4JEIFE.Z linked queue FRRIEUIKEER linked queue » WE e e ETE R AT
B4 e ) linked queue ©
(€) ¥(d)rhz i) linked queue » R 18 » TS 30 » FfEA 80 & HHEEEHAE
T Be Pl AR (U 2 (17] linked queue -

4110 53] HE FHIZERANEFF AVL tree BYZEENETTR ZREHRE » Hing— S HE
e AVL tree FERIFGEE K -
(2) RN 25, 20, 15, 10, 14, 30, 50, 35, 60, 40 °
(b) ZREHMES @ 60,25, 30, 14, 15, 10, 50, 35,40,20

5.[20 4] Sorting: 25 « 57 ~ 48 + 37 ~ 12~ 92 ~ 86 ~ 33 (FHRE—FRERAIFIZO

(a) Insertion sort = (d) Mergesort -
{b) Shell sort - (e¢) Heapsort -
(c) Quicksort * ' O

6. [8 4] EBB—E =TI (Binary search tree) » FHIE T 0,
F TR N HURS R E 2K

(@) iRz 90 - (c) TR 110 = ) () )
(b) MK o1 - (d) P 10 - oNORC
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(@

8.4 £ FHeAsEd a BEBEAS - H

(HEHNEHE ) - '

(a) Depth-first search spanning tree °
(b) Breadth-first search spanning tree °

9.[10 43} st=eonss B RHI &/ NEFEER BB
(2) FIFE Prim’s algorithm $2H{ Tl (a) = Minimal spanning tree °
(b) FJF Dijkstra’s algorithm #4118 (b) Bl c TEEAREARE » BIHA SR

Shortest path °

, E (a)
10.[9 53] B TFIEelFFIFI kR (modular arithmetic)i#E{T 55 (hashing REH

406, 727, 537, 425, 626, 508, 594, 603, 641, 347,112

HeP R Es

h(value)= value mod 13 '

AT F SR A AR RS R (collision) FRE ¢

(a) HiEEEFI(linear probing) -

(b) EEHEHEEE (rehashing) BB rh(valuey=(value +2) mod 13 »

(c) Bt A (chaining) (H18 HrEREHEA BT ) -

scst s o OSBRI (hash table) (#RBE 0 2 12) #wH -
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Problem 1 : Since the Gray code, g,_1, .. ., g2, 01, go, and the binary code by,_;,. . ., by, by, Bg,
are two of the most popular codes used in logic designs, we hope to make it easier to be
remembered and utilized. Your task are as follows.

1). Develop the recursive conversion formula to generate the g;, i=n—1,n-2,...,0,if
g;iven b, P PR .,bz,bl,bo.

2). Develop the recursive conversion formula to generate the &, i =n—1,n—2,...,0, if
given Gn—15+--,82, 0, Go-
(20%)

Problem 2 : Please design a clock generator given D-FF’s, one clock source, and NAND
and NOR. gates to generate two clocks. Note that these two generated clocks, called ¢, (f)
and (), must satisfy the following two constraints.

1). 0= ¢u(£) - $o(t)
2). They are exactly out of phase (i.e., phase shift = 180°).
(10%)

Problem 3 : MUXSs are easily to be used to realize other Boolean functions. You are given
a 8-to-1 MUX which has 3 selecting lines and 8 output lines. Please use i to implement
the following Boolean equation

Z(ABC’D):Z(0145913 15)

Note that you don’t need to draw the lnternal dESIgH of the MUX You mmply use a b'lock ‘
diagram to denote it. (10%) o

- Problem 4 : Is it possible to implement a JK flip-flop with a T ﬁlp—ﬂop'7 If yes, then show
your implementation step by step. (10%)

Problem 5 : You are given many 1-out-of-16 decoder standard ICs. However, you ¢an
not perceive its layout. Hence, it can be treated as a block. You are then asked to design

" a 1-out-0f-256 decoder. Thus, how o arrange those standard decoders to achieve the goa.l'?
Please show your design as detailed as possible. Note that the address lines are Ao Ay, ..
(10%) .

Problem 6 : An asynchronous circuit that employs two-level AND—OR logic has the
following next-state and output equations:
W= et nn +O5H
v, = T1%+ AN+ A
7 = fhya+Tan

Construct a logic circuit and a state (flow) table for this circuit. (10%)
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Problem 7 : Simplify the Boolean expression, f{a,b,c,d,€) = {ab+c+d)(E+d)(E+d+e),
such that you can use fewest number of gates to implement this function. You have to
show

(a) the simplest expression

(b) the logic circuit with minimum number of gates

(10%)

Problem 8 : The microprocessor is the most powerful digital device in logic design, since it
comprises many functional blocks, é.g., ALU, register file, etc. The software code, i.e., the
assembly language, is the tool to drive such a powerful device. Referring to the following
simple 8-bit 8086/88 microprocessor code, what is the function of the following sequence
of instructions? Please explain it and add comment to each instruction.

MOV AX, [ASCIL_DATA]

MOV BX, AX

MOV CL, 08H

ROR BX, CL

AND AX, 00FFH

AND BX, 00FFH

MOV [ASCIL.CHAR.L], AX

MOV [ASCILCHAR H], BX
(10%)

Problem 9 : Given an adder of which the inputs are A;, B; and Cj, the outputs are 5; and
C,, please show how an adder can implement the following Boolean functions, respectively.
1). XOR '

2}, exclusive-NOR
3). AND
4). OR
(10%)
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1. (25%) Bus Architectures

I. (10%) A hypothetical machine has an instruction format with 4-bit OP code and 12-bit Address/Operands.
(a) (5%) How many memory locations and I/0 locations, respectively, can be addressed by CPU,
if memory-mapped I/0 is used.
(b} (5%) How many memory locations and I/O locations, respectively, can be addressed by CPU,
if Isolated 1/O is used.

2. (15%) A bus system consists of a multiplexed 32 bits for transferring both address and data. There are 1 G memory
locations and 4 I/O modules to be referenced by CPU. A centralized arbitration scheme (NO Hidden Arbitration)

with a clock rate of 40 MHz is used. Assuming that
Memory latency time = 40 nsec,
Memory word lengih = 4 bytes,
CPU always requests data in a block of 4 words, and it takes 2 bus cyeles for bus arbitration and one bus cyele for
transferring address to main memory.
(a) (5%) Calculate the effective bus bandwidth (in Mbytes/sec), if CPU accesses the 4 words at the same time in a
" Block Data Transfer Mode.
(b} {10%) Calculate the effective bus bandwidth (in Mby’ces/sec) if CPU accesses the 4 words one by one separately
in a Read (Multiplexed) Operation Mode.

IL (25%) Memory Architectures

1. (10%) The average access time of a disk can be estimated by summing disk seek time, disk rotational delay and data
transfer time. Disk seek time is the time it takes to position the head at the target track. Disk rotational delay is the
time it takes for the beginning of the sector to reach the head. If there are 100 bytes to be transferred from the disk and
assurning that disk seek time = 50 ms, 10,000 bytes per track , and the rotational speed is 3600 rpm (revolutions per
minute).  Calculate the average access time of the disk.

2. (15%) Applying Hamniing single-error correction code to the code word 00111001 and assuming that the data bit
M1 is the rightmost bit, and M3 is the lefimost bit. '
(a) (5%) Calculate the 4-bit Syndrome word.
(b) (5% If data bit M3 sustains an error and is changed from 0 to 1, Recalculate the Syndrome word.
{c} (5%) Based on the two Syndrome words, how do you locate the position of bit error?
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111, (25%) Computer System Performance

1. (10%) In a multiprogramming environment, since the system throughput (Ws) is too complicated to estimate, it is often
~ use CPU throughput (Wp) to evaluate a computer performance.
(a) (5% Derive an equation for Wp, if given the following parameters.
I1C = Instruction count
CPI = Cycles per Instruction
T = CPU cycle time (nsec).
{by (5%) If Wp = MIP5S X K, Findout K=? Note that MIPS = Million Instructions per Second.

2. (15%) A linear pipeline system with K stages and cycle time = T. Assuming that

N= total number of instructions of a program,

P = the probability of conditional branch instructions,

Q = the probability of branch taken, and )

. B = the number of pipeline cycles wasted between a branch taken and its branch target.
(a) (5%) Derive an equation for effective throughput for the linear pipeline.
(b) (5%) Find out the maximum throughput of the linear pipeline.
(¢} (5%) If K = 10, T =20 nsec, N = 10,000, P = 0.2, Q=0.38, and B =9,
calculate the performance degradation factor D.

IV. (25%) Multiprocessor and Multicomputer Architectures

1. (10%) Multiprocessor architectures.
(a) (5%) What is the main purpose to use F etch&Add operations in a multiprocessor architecture with multistage

interconnection network.
(b) (5%) Design a method for a bus-based multiprocessor system with multiple caches to avoid cache inconsistency.

2. (15%) In a multicomputer network, the netwerk diameter is defined as the maximum shortest path between any two
nodes, and the bisection width is defined as the minimum number of edges along the cut for each half, if a network is-

cut into two equal halves.

(a) (5%) For a binary-tree network with N nodes, find out its network diameter.

(b) (3%) For a 2-D mesh network with N nodes, find out its bisection width.

(c) (5%) For a hypercube network with N nodes, find out how many links in a hypercube.
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1 - Op-Amps TRIERA0ES » MR HEIEd (ER9A Op-Amps 894%
1% ) e (10%)

2 - CEI—RRAPIEIGHT sensors w4ZHEL Pre-Amp iEFE—#2 » RIEhH L
T ? —EH L E—IRFERE TR AR 7 (10%)

3 - ##ik dual circuit BAZX equivalent circuit » -.E.LE"QE'JEQF?FE 7 (10%)

4 -T:‘F. frequency—ddmain t s & AL IS B W RS T LA AL
PE B FEEY T IE AR SRR ML 2L AL B F I ERE ¢+ {E4E time-domain BY
MOLIARE » L EIER - (10%)

5 BREESEF . IAT K| b2 T HERIA | KRR SRR (impedance) |
1R BFIROIPE IR TR phasor 7 BB %27 7 (10%)

6+ IWIKE TP AgEEAIEES ( HEABEEEGELE ) (10%)

7 » Find the magnitude of the balanced line voltage V., V., and
Ve (Fig.7)  (15%)

S > Find the equivalent impedance Z(s) of the network shown in Fig. 8
(15%)

9 TEERE-TE - QA= LHSRBMTEET s BEERREEALET
LB T AL TR 7 IR R 7 (10%)

i
Lo

122-§20° V mms

P
12£520° V s

Fig.7 - Fig.8
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#HE: Erge [EhsELR] JE f R A R
1. R ERGE SRR ? BARMAEERRAEERY BRI 7 20%) |

2. T R B SR A5 B AL ) S 800pF B 4.0mH - SARMBIER AV 200 £
FERS » WTRS ESEHEERI NI FF A (Re-striking Voltage ) R 7 (20%)

3. BAERREEE TEAUR + ErPEINIE D, # Dy # Dy, » REHSATT SRR % ? HEHE A
= - (20%) '

5. LRSS BITES 30MVA 2 SV B 33kV SRR R B B0 B BhEs kAR AOE - 20T
BIFR + (YK EA BRI AT - (b) FHE PRSI ? (20%)
FHEEME © X, =j0.2pu, X, =] 0.1pu, X=j 0.05pu.
B 1 X, =X,=j30Q 0 X =j40

@(:ym
Q__

G2

%1 |
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L. 5% i Poynting’s Theorem » #£RAEHEEH# - (10%)

2. —¥BhaxEf REF-BYSHLTCHERC  HRERLF
Fboth s Ro (=27/)2 ARERS A Tt LB — 22 a8k
3 BT ? (20%)

3. —FahEg o HANERERA  SEBELAD - HELRAMEL
M FRMz B RETEMERERME - (20%)

4. BT BETEREXyz)=E,exp(—jk-R) » R=adx+d,y+d,z ' 3

H Az L BAT®F & 8L E x 3 5 30° (20%)
(a) B @ ERZFEG(F R —8T M)
(b) Zh— TR B0 HETHEEEL  EHETA TR

(©) 2EHBEA OS5 Vim - & HHFE,
(d) 4537 ZABARAE T st — Eab AT 4R 3 0 T2 50 2 5 2 o 4T W/m®)

50 —@+x A RELEas i x MG Bexp(—yx) - B E, =0 A
BAMBEATRABAEPZE, mH,:ﬁz ° (10%)

6. — &z REAGWMRTEUAILAS SORE > Az=0RFBL—ER
Z, c BHEZTESHBY () =P+ (14 j\B3)/2 » ¥ B R
f 2 (20%) |
@ £ARZ,
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1.(15%) Let a=[a,a,); B=[FF.] Define A:=a-f.
(a) (5%) What is the rank of matrix A7 (Explain or prove your answer as well.}
{b) (10%) Find all eigenvalues of matrix 4.

2.(25%) Let L: ¥V — W be alinear transformation between vector spaces V' and W,

~ (a)(6%) What are the definitions of L being (i) a one-to-one mapping, and (ii) an onto mapping?
Let AeR™. For xeW", defineamapping L,: R"— W" by L,(x):i=4-x.
(b) (7%) Showthat L, is alinear mapping.
(©)(12%) What are the conditions on'matrix A for mapping L,() tobe (i) one-to-one; (ii) onto;

and (iif) one-to-one and onto, respectively? (Explain or prove your answer clearly as well.)

3. (15%) Suppose A is the matrix representation of the linear transformation L: ®"” — |" with respect to

the standard basis. Let A,,~--,1, be distinct eigenvalues of A with the corresponding eigenvectors
X;,°7*, X, , Tespectively. Let x,,,,+-,%, be chosen such that X:=[x,,---,x,] is an ordered basis for R".
Let B denote the matrix representing £ with respect to basis X .

What is the form of B? (Explain your answer as clearly as possible.)

4. (20%) _
(2) (5%) What does the Cauchy-Schwarz inequality say?
(b) (10%) Let's consider the vector space ¥ := C[-x,#] with inner product defined by

L |
(fo8)=— [ rwgdx

and the induced norm || f||:=/{/.f). Use the Cauchy-Schwarz inequality to define an angle between
any two nonzero vectors in ¥ . Moreover, compute the angle between f(x):= cosmx and
g(x) := sinmx where m and = are positive integers. '

(c) (5%) Compute ||f - gll.

5.(25%) Let ¥ be an inner product space and let § be its subspace spanned by an orthonormal basis
{u,"»,u,}. Let veV beany vector and denote its projection onto S by p. :
(a) (10%) Derive the representation for p intermsof #'s and v?
(b) (5%) Suppose ¥ =9R" with n>£ and denote the matrix constructed from #'s by U,ie. let
U=[y - u,l.
What is the representation for p intermsof U and v?

() (10%) Suppose V = ([0,l] with the inner product (f ,g):= jolf {(x)g(x)dx. Tind the best least

squares approximation to the vector ™' of ¥V by alinear function of x.
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1. Let X=(X1,X2,X3)" be a random vector with g =E{X] given by u=(5,-5,6)T, and covariance matrix
given by
5 -1
K=|2
-1

(15%)

(== RNV N S

0
4
Calculate (a) the mean and (b) variance of Y = AT X+ B. Where A:(Z,-],Z)T and B=5.

2. Show that (a) E[Y] =E[E[Y | X]] (8%). (BE[ZI-E(E[Z | X,Y]] (8%), and
(©E[Z | XI=E[E[Z | X,Y] | X] (9%).

3. The probability that a teleohiﬁe call lasts no more than ¢ minute is often described by an exponential
cumulative distribution function (CDF), i.e.,

1—e™ 120
Ft) = ’ B .
) { 0 Jotherwise

For a= 1/3 (a) What is the probability density function, f{t), of the duration in minutes of a
telephone conversation. (5%} (b) What is the probability that a coversation will last between 2 and 4
minutes, (7%) (¢) What is B[T] (mean) and E[T?]. (8%) (d) The probability that the call duration is
within | standard deviation of the mean. (5%)

4. LetX and Y be independent identical distribution (i.7.d.) with X=N0,6") (Gaussian distribution
with zero mean and variance 02) . What is the the probability density functions (p.d.f) of (a) Z=
(XYY (10%) and (b) W= X*+Y? (10%).

5. Let B={X<10}. We wish to compute (a) F{x | B} (10%) ,and (b) f{x [ B) (5%).

I
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1. A system is described by the following equation:
y(1) =12
where y(t) and f{(t) are the output and the input.
Explain whether this system is
{a) linear
(b) time-invariant
(c) causal

2. What are the equivalent noises in the demodulated output of the receivers for the
following AM systems:
(1) DSB-SC
(2) DSB-LC
(Hint: the bandpass noise can be expressed as nc(tjcoswct - ns{t)sinw,t)

3. What is the difference between the instantaneous frequency and the Fourier frequency?
How does the instantaneous frequency affect the Fourier frequency in FM? Please give
the key derivation of the formula or results in your answer. .

4. Please sketch the Fourier spectrums for the following signal processing procedures for
PAM. You must sketch them in one column on the same scale as shown in the problem.
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5. What is the difference between the digital communication and analog communication?
Explain if there is any situation where the analog communication is better than the

digital communication.

6. This problem is about bit error versus symbol error probabilities:
Assuming Pe is the average probability of symbol error and M is the total number of
the symbols. Compute the bit error rate if all symbol errors are equally likely to occur

for every symbol. :






