
1.(10%) , find A-1

013
223

333

2.(20%) , find the eigenvalues and the corresponded eigenvectors. 
130
121
011

3. (20%) , solve X 
010
122

001
'

4. (10%) solve 
xy

xy
dx
dy

2
32 2

5. (10%) )2cos( , solve )(xy5'2'' xeyyy x

6. (10%) xy , solve )(xyxyyx ln'''2

7. (20%) 11,)( xxxxf , expand f in a Fourier series. 



1. Determine the differential equations (a)~(e) are linear or nonlinear  (10%) 

(a) 0cos)( 2 x
dx
dy

(b) xe
dx
dyx

dx
yd )(cos2

2

(c) 0sin y
dx
dy

(d) 02x
dx
dyy

(e) yx
dx
dy 2

Solve y(x) for the given initial value problems from (2) to (4)     

2. 2(0)y4,y(0),842

2

xy
dx

yd         (10%) 

3. ,044 2 yyxyx 1)1(,6)1( yy         (10%) 

4.
1
1

x
y

dx
dy ,  y(2)=0           (10%) 

5.  Find the Fourier series of on the given interval     (10%) )(tf

x0,1
0,0

)(
x

tf



1. Find inverse matrix , given      (10%) 1A
311
121
140

A

2. , use Cayley-Hamilton to find  (10%) 
311
121
140

A 2345 645 AAAA

3 1 , 2 and 3  are the eigenvalues of the matrix A      (10%) 

311
121
140

A , ?321

4. Solve X, given        (10%) te
10

3
63
14

5.  (a) Diagonalize , such that ,      (10%) 
12
21

A ACCB 1

where  is orthonormal basis. C

(b) Calculate 
10

12
21



1. There exists a linear transformation 32  such that : RRT 25331135 ,,T

25711 ,,T

2

,  and 

2613, . Find 12,T ?  (10%) 

2. Given  and T,,,Y 021 . Let T,,,X 1422  be the angle between X  and Y ,

a. find the square value of tan ?    (10%) 
b. find the vector projection of X  onto Y ?  (5%) 
c. find the vector projection of Y  onto X ?  (5%) 

3. Given .
12

12
A

a. find Ae ?  (10%) 
b. find Asin ?  (10%) 



1. A simple binary communication channel, regarded as one stage, carries messages by using only 
two signals, namely, 0 and 1. We assume that, for a given binary channel, 45% of the time a 1 is 
transmitted. The probability that a transmitted 0 is correctly received is 0.88, and the probability 
that a transmitted 1 is correctly received is 0.95. What is the probability that a 1 is received at 
the output? (10%) 

2. By cascading two identical stages altogether in the previous question, given a 1 is received at 
the output of the second stage, what is the probability that 1 was transmitted? (10%) 

3. The Q-function is defined by 
x

dtexQ
t
2
2

2
1 . Due to the difficulty in computing the 

Q-function, one good approximation can be represented by 

.x,e
xx

xQ
x

0
221

1
2

2

2
 Suppose that the scores of an exam with twenty 

thousand attendants have normal distribution with the variance of 9, and half of the attendants 
have scores more than 75 points. With the information and the approximation of Q-function,
how many attendants will have scores between 72 and 81 points? (10%) 

4. One cumulative distribution function is represented by 
.2for exp3.01

;20for ,exp1
;0for ,0

2

2

x
x

x
xF

x

x
X

Find the probability 4x . (10%) 1P

5. It is observed that customers arrive at a store at an average rate of 36 persons per hour. Let T
be the waiting time for the customer, what is the probability for the customer to wait for more 
than two minutes ? (10%) 



1. What is the difference between the Harvard and the von Neumann architectures? (10%) 

2. Explain latency and throughout. (10%) 

3. Describe CISC versus RISC characteristics. (10%) 

4. What are the three stages in an ARM pipeline? (10%) 

5. Why do most computer systems use memory-mapped I/O? (15%) 

6. Draw a timing diagram that shows a complete DMA operation, including handing off the 
bus to the DMA controller, performing the DMA transfer, and returning bus control back to 
the CPU. (15%) 

7. Draw a timing diagram with the following signals (where [t1,t2] is the time interval starting 
at t1 and ending at t2): (15%) 
a. signal A is stable [0,10], changing [10,15], stable [15,30] 
b. signal B is 1 [0,5], falling [5,7], 0 [7,20], changing [20,30] 
c. signal C is changing [0,10], 0 [10,15], rising [15,18], changing [25,30] 

8. Design the logic required to build a 4M x 16 memory out of 1M x 4 memories. (15%) 



1. (10%)
A. (2%) Turing machine 
B. (2%) System calls 
C. (2%) Deterministic algorithms 
D. (2%) Instruction set architecture 
E. (2%) Minimum spanning tree 

2. interrupted-driven I/O polling-based I/O  
(10%)

3. multi-core processors CPU
CPU   (10%) 

4. von Neumann model
(end-user) (manufacturer) (system developer)

10%
5. (memory) (2-D

array)
MAR/MDR(memory address/data register)

(10%)
6.

A. 1 10000011 00010000000000000000000 (IEEE 754 ) (5%) 
B. 7 0 6

 0:  
 1:  
 2:  
 3:  
 4:  
 5:  
 6:  

( )7 (5%) 
7. 2-to-1MUX Multiplexer 2-to-1 MUX

4-to-1 MUX (10%)
8. A K (binary tree)

(traversal)
A. Preorder=A B D E H I C F G J K ; Inorder=D B H E I A F C J G K (5%) 
B. Preorder=A B D E F G K C H I ; Inorder=K G F E D B A C H I (5%) 



9. Heap
A. heap array  (5%)
B. heap 48 heap (5%)

48

37

15 4

26

10. A = {2, 3, 6, 9, 18, 24} relation x y x | y (x y).
A. poset (A, ) Hasse diagram. (5%) 
B. Hasse diagram Topologically sort (5%) 



(particle) (wave) (20%)

m
(1) (Schordinger Equation) (10%) 
(2) (5%)
(3) (5%)

2
tE (10%)

eVM 82.4



1 Briefly describe the following terminologies (10%)
(a) Matched Filter 
(b) Carson  Rule  

(c) PCM
(d) Sampling Theorem 
(e) Quantization Noise 

2 Let a random process be given as  
)cos()()( 0twtXtZ

where X(t) is a stationary random processes with 0)(tXE , 22 )( xtXE  and 

)(()( XRtXtXE .
(a) If is a random variable independent of X(t) and uniformly distributed in the interval (- , ), 

Find )(tZE  and )(2 tZE . Is Z(t) wide-sense stationary  Provide your explanation. (5%) 
(b) Let )sin()()cos()()( 00 twtYtwtXtZ  where X(t) and Y(t) are stationary Gaussian 

random process with 0)()( tYEtXE , 222 )()( tYEtXE , and 
)()()()()( RtYtYEtXtXE , X(t) and Y(t) are uncorrelated for any t. If is a 

random variable independent of X(t), Y(t) and uniformly distributed in the interval (- , ),
Find )(tZE  and )(2 tZE . Is Z(t) stationary  Provide your explanation. (5%) 

(c) If =0, find )(tZE  and )(2 tZE . Is Z(t) stationary Provide your explanation. (5%) 

3 A binary communication system transmits signals )(tsi  ( ,1i 2 ). The receiver test statistic is 
ns , where the signal component is  is either 21r i s  or 22s  and the noise 

component n has a probability density function of  

otherwise
nifn

np
0

3||9/|)|3(
)(

(a) If )(1 ts  and )(2 ts  are transmitted with an equal probability, determine the probability of error 
when the optimum decision is made. (8%) 

(b) If )(1 ts  is transmitted with a probability of 0.8, determine the value of the optimum decision 
threshold. (7%) 

4 Draw the modulated waveforms of the binary sequence 10100010111 by using the baseband 
formats of  (10%) 

(a) AMI (Bipolar) 
(b) Manchester (Bi-phase) 



(c) NRZ (nonreturn-to-zero) 
(d) RZ (return-to-zero) 

5 Suppose that MSK is used to transmit information over an AWGN with a two-sided power 
spectral density of 810 W/Hz. The transmitted signal is )2cos(4 0 ntf , where n  is the 
modulated phase or the corresponding frequency shift. 

(a) Draw the modulator. (5%) 
(b) Draw the structure of optimal receiver. (5%) 
(c) Determine the maximum data rate that can be sent with bit-error-rate 610e . (5%) P

6 Consider three signals )(),(  shown in the following Figure, Express each of these 
signals in terms of a set of basis functions found by using the Gram-Schmidt orthogonalization 
procedure. (10%) 

),( 321 tststs

7 A source has six output denoted ),,  with respective probabilities (0.4 , 0.2 , 
0.1 , 0.1 , 0.1 , 0.1 )  (15%) 

,,,( 543210 aaaaaa

(a) Calculate the entropy 
(b) Determine the codeword using Huffman code 
(c) Calculate the efficiency 

8 You are allowed to use the frequency band B between 915 and 916 MHz. The allowed signal 
power is 610P  power units. The noise in the band is additive white Gaussian noise with 
single-sided power spectral density 0N  = 1 power units per Hz. For the purposes of the 
feasibility study, you may assume optimally bandwidth-efficient modulation, ideal brick-wall 
(zero-rolloff) filters, perfect receiver synchronization, etc. What is the Shannon limit on the 
achievable data rate R in bits per second (b/s)?  (10%) 
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背面尚有試題

1. Define or explain the following terms (deliver relation formulas if need)  
(a). Early-effect in PNP transistor (5%) 
(b). Channel-length Modulation in NMOS (5%) 
(c). If MOS bias current is increased, AC small signal gain will be increase or decrease? Why? (5%) 
(d). Miller’s Theorem, (5%) 
(d).Complete small signal model for MOS device. (5%) 
(e). General signal-flow structure of the feedback amplifier. (quantities and gain of feedback 

amplifier have to show in your answer) (5%) 
 
2. Consider a step-graded PN junction shown in Fig.1 with and doping and . 

Draw the charge density 
AN DN DA NN >

ρ , field intensity E, potential variation V and minority carrier density 
as a function of distance x from the junction for both forward and reverse bias. Detail step have to 
shown in your answer. (20%) 

PN junction Fig 1  
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 P N 
 

AN DN 
 
3. Answer following questions for ideal OP amplifier. 

(a). Explain characteristics of ideal OP amplifier. (8%) 
(b). In Fig.2(a) and (b), find voltage gain, input resistance ( )and output 

resistance.( )  (16%) 
31 ~ inin RR

31 ~ outout RR
(c). In Fig.2(c), find voltage gain, differential-mode input resistance ( ) and common-mode 

input resistance ( ).  (6%) 
idR

icmR

    

2outR

 
  (a) (b) (c) 

Fig. 2 
 
 
 
 

3inR2inR
1inR 1outR

2outR

1outR

3outRinR

3outR
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4. Find the midband gain and the upper 3dB frequency of a CS amplifier fed with a signal 

source having an internal resistance
MA Hf

Ω= kRsig 100 . The amplifier has Ω= MRG 7.4 , Ω== kRR LD 15 , 
,VmAgm /1= Ω= kr 1500 , , andpF Cgd 0Cgs 1= pF4.= .  (20%) 
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