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L. (12%) Let AeR™ and beR".
(a) (2%) (i) What is the mathematic relationship of dimensions of two subspaces R(A4) and N (A) for

any A matrix considered here? (ii) What is the mathematic relationship described in the Fundamental
Subspaces Theorem about matrix 4 ?

(b) (2%) Use the Fundamental Subspaces Theorem to show that N (A" A c N(4).

(¢) (2%) (i) What is the condition on R(4) or N(A) that is equivalent to the existence of solution to
Ax =b? (ii) What is the condition on R(4) or N(4) that is equivalent to the uniqueness -of solution to
Ax =Db, if it is solvable? :

(d) (2+4%) When the equation 4x =b is unsolvable, we may con51der the so-called least squares

problem to find a set of solutions, having the least squares error, from solving a normal equation. (i) Use
the property and condition mentioned in (b)-(c) to explain why the normal equation is always solvable.
(ii) Suppose that rank(A4) = k < min(m, n) and let 4 = BC be a full rank decomposition of 4. Use the|.

known matrices B, C, and b to describe the unique projection vector p of b onto R(A4) with the least
b —pll;-

2. (13%) Let VV be a vector space.
(a) (1+2%) Let & be a unit element of ““+”, the addition operation of . (i) Write the equality condition

about & as shown in the corresponding axiom. (ii) Let y be another unit element of “+”. Show that
d=1v. VRZHARAENMARELRER T AT > FRARH D)

(b) (3%) Let X and Y be two subspaces of V. (i) erte the definition of X+7Y . (ii) Write the
definition of X @Y . (iif) What is the mathematical relationship between dim (X +Y) and dim(X®Y)?
(c) (2%) Let (-,*) be an inner product defined on 7. Show that the function f(v) = \/W “defined
Vv eV satisfies the triangular inequality property.

(d) (2+3%) Consider the vector space R** with the inner product (4, B) := trace(4” B) and denote
Y :={4eR*|4 = A"}. (i) Describe Y* as the span of an orthonormal basis. (if) What is the matrix,
denoted by F,., that represents the orthogonal projecting operation I1,.: R*? — Y* along with the
subspace I” with respect to the ordered basis £ = {G,H }, where G and H are vectors of the standard

bases for ¥ and ¥*, respectively?

3. (14%) Let L be a mapping from vector space ¥ to vector space W .
(@ (1+2%) (i) Write the definition of superposition principle and (ii) show the implication from the

combination of additive-and homogeneous-properties-to-the-superposition-principle-
(b) (2%) Write (i) the definition of Ker(L), the kernel of L, and (ii) the definition of L(}), the i 1mage

of vector space V', respectively.
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(c) (1+2%) Suppose L is linear. (i) Use Ker(L) to describe a mathematic condition that is equivalent to
L being one-to-one. (ii) Moreover, show the implication from the condition on Ker(L) to L being one-

to-one.
(d) (2+4%) Let L be linear with 4 as its matrix representation with respective to bases E = [v,,--,v,

and F =[w,,--,w,] for ¥ and W, respectively. (i) Describe a mathematic condition about A that is
equivalent to L being onto. (ii) Moreover, show the implication from that condition to L being onto.

4. (11%) Let AeC™. ‘

(a) (2%) Let AeC be an eigenvalue of A with corresponding eigenvector x. Derive in details the
equation for solving 4. (R R#EHH AKX ~ MmIEH H H A X8R ETHLEHRA)

(b) (2+2%) (i) Let u be an eigenvalue of matrix 4. What is the mathematic notation for describing the
number of linearly independent eigenvectors associated with x4 ? (ii) Let { 1,5} be the set of all

of a
distinct eigenvalues of matrix 4. Use the corresponding notation as in (i) to describe the condition for A4

being a diagonalizable matrix.

(c) (5%) Suppose A = B+iC is a Hermitian matrix and let Q = [—BC' g}eﬁkz""z". Show that any

eigenvalue A of Q is also an eigenvalue of 4.

AFESHEE MY ZAAHRM  S2ERALBE RN AT SEEHAELFHE
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5. (20%) Consider the following set of differential equations
(a) (15%) Let u(t) = 0 and the initial conditions be z1(0) = z2(0) = 1, 4;(0) = #,(0) = 0. Find
the solutions of the differential equations.
(b) (5%) Let initial conditions be z,(0) = z2(0) = £1(0) = 22(0) = 0, and u(¢) be the unit step
function. Does the solutions of the differential equations converge to constant values as time
approaches infinity? Justify your answers.

6. (30%) Consider the following set of differential equations
21(8) = (1 = V71 ()2 + 22(£)?)21 (t) — 2(t)
Za(t) = (1 = /21 ()2 + 22(£))32(t) + 21 (2)

(@) (10%) Express the differential equations using the polar coordinate; i.e. express the equations
in terms of (7, 8), where z:(t) = r(¢) cos(8(t)) and z(t) = r(¢) sin(6(¢)).

(b) (10%) Solve the differential equations for any nonzero initial conditions (19, Z29).

(c) (10%) Draw the phase plane portraits for the solutions (x,,x,) of the following initial
conditions: (219, Zg) = (0, 0.5), (-1, 0), and (1, —1).

End of Examination
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Given a continuous-time periodic signal A
f@= 4+8005(2—”tj—sin(—5§— )
3 3
Let a, and @, be the coefficients and fundamental frequency of the Fourier series of f(z)
respectively. Then which of the following statements is correct?
A)a,+a,=-j/2, oya,=4x/3, aa_, =0. '

B)a,+a,=4, was=—jr/6, aa,=16.

O a,+a,=4+j/2, w,a,=47/3, aa;=j/2.

(D) a, <5, @, <2, a,>0. '

(E) None of the above statements are correct.

Consider a discrete signal x(n) = cos(2nz / N), where integer & is the fundamental period. Let a, be
the coefficients of the discrete-time Fourier series of x(z) . Then which of the following statements is
correct?

(&) ay=-1/2, a,=1/2.

) ay=a,=j/2 ,

(c) ay,,=1/2, ay,=-1/2.

(d) ay, =ay,=1/2

(e) None of the above statements are correct.

Consider an LTI system whose impulse response is G(jw) =1/ (a+ jw), a > 0. Suppose that there is
an input signal X(j@)=1/(a+ jw).Assume that the output signal is y(r) = Be”'u(¢) , where u(t)is a
unit-step signal. Then which of the following statements is correct? :

(8) f+y=-a

(b) fr=-a

() p—y=t+a

d) pr=at
(e) None of the above statements are correct.

Consider the.following three systems, where x[x] or x(¢) is the system input, y[n] or y(¢) denotes

the system output, and
L yr]=x[-n], —o<n<w

IL y(f) =[sin(2t)]x(t)
| x[n—4], nx1
oI y[n]=< O, - n=0
xn-1], n<-1

Which of the following statements is correct?

_(a) Iis time-invariant, II is linear, I1I is causal.

(b) 1 is memoryless, II is causal, III is nonlinear.
,(C) 1 is stable, IT is linear, III is memorrylessr.r -

BB a
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(d) Tis causal, II is memoryless, III is linear.
(e) None of the above statements are correct.

5. Let z=1-j\/3. Assume that z"* = re’’, where & denotes the principal argument. Then which of the
following statements is correct?
(@) r=2,60=x/5
(b) r=4"%, 8=—n/15
(c) r=2",0=mx/15
(d) r=2"°,0=-x/5
(e) None of the above statements are correct.

6. Which one of the following functions, where z = x+ jy is a complex variable, is analytic?
(@) f(z)=2Z°, where Z=x—jy.
(b) f(2)==xp+)x
© f(2)=x"~jy*

(d) f(2)=x"+y"+ 2%y
(e) None of the above statements are correct.

7. Let z be a complex number. Which of the following statements is correct?
(a) Log(z,2,) = Log(z,) + Log(z,) , where Log(z) is the principal value of the complex logarithm.

(b) cos(j) is not a real value.

(©) j*=e /U n=0, £1, £2,......

(d) 22 +2z—e" =77 +27 —exp(Z) , where exp(z) = ¢*.
(e) None of the above statements are correct.

8. Let f(z)=2z/(z*+9),and Cbeacircle | z— j2|=4 in counterclockwise direction. The evaluation of
(JSC f(z)dz is o+ jf. Then which of the following statements is correct?

() <0, >0

(b) >0, >0

() =0, 1< p<4

(d)a>0, —-3<p<4

(e) None of the above statements are correct.

9. Let f(z)=7, and C be the right-hand half of the circle | z|=2 form z= ;2 to z=—;2. Compute the
value of J.C f(2)dz =+ jB. Then which of the following statements is correct?

(a) =0, —15<4<0

(b) a>0, 0<B8<15

() -12<a+pB<12

(d) 2<af<-12

(e) None of the above statements are correct

10. The Laurent series of e"*is
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Which of the following statements is correct?
(&) af=1/6
(b) ap=1/12
() a+p=5/6
(d) a+pB=1/3

(e) None of the above statements are correct.

RTFH 1S BEATZAEORE FFAELELAREE REFREEFT AL
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(10%) Let 4cR™ and beR".
0 -1 1 1
(@) (5%) Suppose that m=n=3, 4=|2 0 4|, and b=|1|. Find the set of all‘solutions to the
-1 -4 2 -3
equation 4x =b if it is consistent. Otherwise, find vector p to solve mm Hb pll, and, moreover,

compute the value of mm [b—pll,.

(b) (5%) When the equatlon Ax = b is unsolvable, we may consider the so-called least squares problem

to find a set of solutions, having the least squares error, from solving a normal equation. Suppose that
rank(A4) = k < min(m, 7) and let 4 = BC be a full rank decomposition of 4 . Use the known matrices

B, C,and b to describe the unique projection vector p of b onto R(A4) with the least [[b—p]||,.

12. (10%) Let fi =x+oa and f, =x—a, a R, be two vectors in the vector spaﬁe C10, 1] with inner

1
product (f, g) = [ f(x)g(x)dx. |
(a) (4%) Denote the angle between /, and f; by 8. Find all possible values of &? such that 8 = z/4.

. |(®) (6%) Now set o = 1. Find functions g, and g, such that {g,, g,} is an orthonormal set that satisfies

Span(g,) = Span(f;) and Span(g,, g,) = Span(f, f,) .

[ p(x)e

-13. (10%) Consider a linear transformation L: B, — R? defined by L(p(x)):= ,

B-pO)+[ p(x)dx

for every p(x)e B, with £ >1.
(a) (4%) Find all possible values of B such that L™, the inverse of L, does not exist. -
(b) (6%) Suppose that L™ exists. Find the matrix representation of L corresponding to the ordered

bases {z + 1,z — 1} and {BJ, [—lljl} for P, and R?, respectively.

L Eh B
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14. (20%) Consider the following set of differential equations
£1(t) = =221 (t) + 2z4(t)
Zo(t) = 221 (t) + 5za(t) + u(t)
(a) (15%) Let u(t) = 0 and the initial conditions be z1(0) = z2(0) = 1, 2;(0) = 42(0) = 0. Find
the solutions of the differential equations.

(b) (5%) Let initial conditions be z1(0) = z2(0) = £,(0) = £2(0) = 0, and u(t) be the unit step
function. Does the solutions of the differential equations converge to constant values as time
approaches infinity? Justify your answers.

15. (10%) Evaluate the following integral

/o / i xe‘yzdyda:

End of Examination
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Note: There are 20 questions in total. Each one is 5 points. Please choose one answer for each

question. No extra points will be deducted for wrong answers.

Suppose a node in a linked list A contains two fields, data and link, where link is the pointer
to the following node. Let head_ptr be a pointer to the first node of A. Suppose we would
like to traverse all the nodes of A by the loop “while (!head_ptr) {B;}”. What is B? (a)
head_ptr == NULL; (b) head_ptr = x(head_ptr) — link; (c) head_ptr = head_ptr — link; (d)
*head_ptr = x(head_ptr) — link. '

. Suppose we have a tree where the left subtree of its root contains 2500 nodes and the right

subtree contains 200 nodes. How many nodes are processed before the root node for the
post-order traversal? (a) cannot be determined; (b) 2500; (c) 200; (d) 2700..

For any general tree, which of the following statements is false? (a) Pre-order traversal
makes sense; (b) Post-order traversal makes sense; (c) In-order traversal makes sense; (d)
No traversals make sense.

Suppose a binary search tree is built with the following words (inserted in this order): blue-
berry, peach, orange, banana, pear, cherry, mango. How many comparisons are needed to
search for the word mango? (a) 5; (b) 4; (c) 3; (d) 2.

What is the prefix expression of (((3+7) x (3/5)) — (4 x 2))? Note that each operand is a
one-digit number. () — X +/ x 373542; (b) — x +37/35 x 42; (c) 373542 x [+ x~; (d)
— % /+ 3735 x 42.

What is the value of the postfix expression 293/ x 4 — 9+7 Note that each operand is a
one-digit number. (a) 11; (b) 13; (c) 15; (d) 17.

Consider a complete binary tree with exactly 10000 nodes, implemented with an array. Sup-
pose that a node has its value stored at index 4999 in the array. What index is the value
stored at for this node’s parent? (a) 1499; (b) 1450; (c) 2499; (d) 2450.

Consider a complete binary tree with exactly 10000 nodes, implemented with an array. Sup-

pose that a node has its value stored at index 4999 in the array. What index is the value

;lnb_@ﬁ g ERNE-¥ o]
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stored at for this node’s right child? (a) 9998; (b) 9999; (c) 10000; (d) The node has no right
child.

9. Consider the tree in Figure 1(a). What is the order of the nodes processed in the in-order
traversal? (a) D-F-B-E-G-A-C; (b) D-B-F-E-G-A-C; (¢) D-B-F-G-E-A-C; (d) D-B-F-E-A-
G-C.

10. Consider the tree in Figure 1(a). What is the order of the nodes processed in the pre-order
traversal? (a) A-B-E-D-F-G-C; (b) A-B-F-E-D-G-C; (c) A-B-D-G-F-E-C; (d) A-B-D-E-E-
G-C.

11. Start with an empty max-heap of integers, and enter the ten numbers 1 through 10. Let the
max-heap be stored in an array. What index is 8 stored at in the array? (a) 2: (b) 3; (c) 4; (d)
5.

12. Start with an empty max-heap of integers, and enter the ten numbers 1 through 10. Let the
max-heap be stored in an array. Remove one entry from the heap. What index is 3 stored at
in the array? (a) 5; (b) 4; (c) 3; (d) 2.

13. Suppose you are given an array containing six integers 5, 36, 4, 20, 19, and 9 initially.
Starting with 5, use insertionsort to sort the array in increasing order. What is the content of
the array after 4 is processed? (a) 4, 5, 20, 36, 19, 9; (b) 5, 36, 4, 9, 19, 20; (©) 4,5, 19, 36,
20, 9; (d) 4, 5, 36, 20, 19, 9.

14. Suppose you are given an array containing six integers 1,2, 3, 4, 5, and 6 initially. You want
to sort the array in increasing order. Which sorting method is the most efficient to use? (a)
selectionsort; (b) insertionsort; (c) mergesort; (d) quicksort.

15. Feature A: The worst-case running time is O(n log n); Feature B: No additional memory is
required. Which of the following sorting methods has both features A and B? (a) heapsort;
(b) quicksort; (c) insertionsort; (d) mergesort.

16. Consider the graph in Figure 1(b). Starting with node S, what is the order of the nodes
processed by the depth-first search? If two or more nodes can be chosen, choose the node
with the smallest label first. (a) S-C-A-P-B-M-H-D-R; (b) S-M-H-C-A-P-B-D-R; (c) S-C-
A-M-H-P-B-D-R; (d) S-C-R-A-M-H-P-B-D.
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17. Consider the graph in Figure 1(b). Starting with node S, what is the order of the nodes
processed by the breadth-first search? If two or more nodes can be chosen, choose the
node with the smallest label first. (a) S-C-A-M-R-H-P-B-D; (b) S—C—M—A-H'—B-P—R—D; ©
S-C-M-A-R-P-B-H-D; (d) S-C-M-A-R-H-P-B-D.

18. Suppose you are doing a breadth-first search of a graph with n nodes. How large can the
queue get during the search? (a) n; (b) n — 1; (¢) n — 2; (d) 1.

19. An empty hash table has a capacity of 13, and you insert six entries with keys 20, 15, 7, 9,
21, 33, and 48. Using linear probing and the hash function 2%(13), what index 21 is stored
at in the table? Note that % is the remainder operator, e.g., (100)%(13)=9. (a) 7; (b) 8; (c)
9; (d) 10.

20. An empty hash table has a capacity of 13, and you insert six entries with keys 20, 15, 7, 9,
21, 33, and 48. Using linear probing and the hash function %(13), what index 48 is stored
at in the table? Note that % is the remainder operator, e.g., (100)%(13)=9. (a) 10; (b) 11; (c)
12; (d) 9.

(a) A binary tee (b) A graph

Figure 1: Two figures.
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1.

A Lithium Ion battery module is rated at 12V/6Ah. A module is discharged by 0.5C constant
current for 0.5 hour. Determine the power supplied by the battery module.

@ - 144W
~ T2W
© ~ 36W
© -~ 18W

A capacitor 0.1F is charged from 50V to 100V by a constant current 1A. Determine the energy is
stored in the capacitor during this process.

® -~ 5007

~ 3757

© -~ 2501

© -~ 1257

Current flowing in a resistor 10kQ is equal to 2mA. Determine power consumption of the resistor.
@ -~ 40kW

~ 40W

© ~ 40mW

O© ~ 40pW

A voltage source 10 V is applied to a series RLC circuit with parameters L=4H, C=0.25F, R=10Q.
Determine power consumption.

® ~ 200W

~ 100W

© - 50w

©- oW

Determine reactance of a capacitor C=20nF at 100kHz.
® ~ 0.002Q

~ 0.0125Q

© ~ 500Q

D -~ 800

Determine time constant of a series RC first-order circuit with parameters C=0.25F and R=40Q).
@ -~ 10s

~ 0.1s

© ~ 10rad

® - 0.1rad

Current 10cos(377t) A flows into a series RL circuit with parameters L=1mH and R=10Q.
Determine average power of the RL circuit.

~@~1000W

~ 500W
© ~ 250W
® -~ oW

BT BF o
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8.

11.

12.

13.

14.

A 109 resistive load is applied by 100cos(377t) V. Choose a false statement.
@ - instantaneous power is equal to average power

® - average power is equal to apparent power

© -~ power factor is equal to 1

O - reactive power is equal to 0

For an AC circuit, choose a false statement.

@ -~ inductive current lags inductive voltage

~ capacitive current leads capacitive voltage
© -~ average power of an inductor is zero

® - instantaneous power of an inductor is zero

. Determine the power factor of a load with impedance 10+j1042.

@ ~ 0.707 leading
+ 0.707 lagging
© - 0.866 leading
® - 0.866 lagging

A delta-connected resistive load 100Q per phase is connected to a balanced three-phase three-wire
200V circuit. Choose a_false statement.

@ -~ power factor is 1

* reactive power is 0

© - average power is 1200W

® - line current is 2A

A'Y-connected resistive load 40Q per phase is connected to a balanced three-phase four-wire
voltage source. Phase voltage is 100V. A neutral line with resistance 10Q is connected between
source and load. Determine current in the neutral line.

@ -~ 10A '

~2A

© - 2.5A

®-o0A

For an ideal transformer, voltage at the primary side and the secondary side are 500V and 100V,
respectively. Secondary side is connected to a 100Q) resistor. Choose a false statement.

@ -~ output power is 100W
* input power is 100W
© -~ output current is 1A
® - input current is 1A

For a two-winding coupling device in an AC circuit, choose a false statement.
@ -~ coupling coefficient is less than 1

* mutual inductance is between -1 and 1

© - induced voltage is determined by Faraday’s law

© - direction of induced voltage is determined by Lenz’s law
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15.

16.

17.

18.

19.

20.

Determine RMS value of a half-wave rectified sine wave with amplitude 100V.
® ~ 141.4V

+ 100V

© ~ 70.7V

©@ -~ 50V

An ideal buck converter is operated in CCM mode. Input voltage is 20V, output voltage is 10V and
load resistance is 2Q). Determine the average value of switch current.

@ 25A
®-5A
©-10A
©®-~20A

An ideal boost converter is operated in CCM mode. Input voltage is 10V and output voltage is 50V
and load resistance is 10Q. Determine the average value of diode current.

@ ~ 5A
® - 4A
© - 2A
®- 1A

Determine the speed of rotation of a synchronous generator with parameters 480V/60Hz/six
poles/delta-connection. '

@ -~ 3600rpm

~ 1800rpm

© ~ 1200rpm

® - 900rpm

A four-pole, 60Hz induction motor supplies 15kW to a load at a speed of 1710 rpm. Determine
rotor frequency at this condition.

@ -~ 3Hz

» 6Hz

© - 63Hz

© - 57Hz

Consider load flow in an inductive feeder. Choose a true statement.
@ - real power flow is primarily determined by voltage difference between two buses

» reactive power flow is primarily determined by angle difference between two buses
© - injection of reactive power increases voltage
@ - consumption of real power increases voltage
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1.

[15%] Complete the calculations of the following two numbers, X=134.0625, Y=-1 8

(a) [5%] Represent X and Y using IEEE 754 single precision format, respectively

(b) [5%] Add X and Y, and represent the result using IEEE 754 single precision format

(¢) [5%] Multiply X and Y, and represent the result using IEEE 754 single precision format

[20%] Translate the following C code to the minimum MIPS assembly instructions
int A[30], B[30];

for (i=1; i <30; i++) {

Ali] = A[i] - BIA[i-1]]+;

} .
At the beginning of this code segment, the only values in registers are the base address of arrays A

and B in registers $al and $a2. Assume that the values of i is stored in the register $s0

[20%] Figure 1 shows a complete datapath with control for MIPS CPU.
@

(b)
©

instruction (e.g., addi $s3, $s3, 1) step-by-step.
instruction (e.g., j L1) step-by-step.

32($s3) ) step-by-step.

[5%] Explain in detail how the architecture shown in Figure 1 is used to execute an I-type
[5%] Explain in detail how the architecture shown in Figure 1 is used to execute a jump

[5%] Describe in detail how this architecture is used to execute a load instruction (e.g., Iw $t0,

(d) [5%] Explain in detail how the architecture shown in Figure 1 is used to execute a branch
instruction (e.g., beq $t0, $s5, Exit) step-by-step.
Instruction [25-0] . Jump address [31-0]
! [shift\,
- \left2/ .
" 26 28 |pC+4[31-28] 6) Lo
| . m M
Add ® T~ u u
X
R ALU
4 PAAd i 1
RegDst /,
Jump
Branch
MemRead
Instruction [31-26) MemtoReg
Control ALUOp
MemWrite
| ALUSrc
RegWrite
Instruction [25-21] Read
Read register 1 gaaqg r
address ea
Instruction [20-16] Read data 1
Instruction {1 7 | register2 ALU Zero
[31'_0] M| wiite Read (0 4 r?s,ﬁLli p>| Address %‘Zﬁg (1
Instruction | |} insiruction [15-11]) ¥ || register data 2 M M
memory {1 u X
Write - 1" 0
data ister: .
Registers Write DPata
data ‘memory
Instructi 16-0 16 m 32 .
nstruction [16-0] Nl i'tgnd - ALU I
E en / M\control
Instruction [5--0) l

Figure 1: Architecture for Problem 3
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4. [20%] Design of a pipelined-CPU

(a) [5%] Explain the functions of the five pipeline stages of the pipelined MIPS CPU, respectively.

(b) [6%] Use examples to explain the three types of hazards of the pipelined MIPS CPU,
respectively.

(¢) [9%] Explain in detail how we can solve the three types of hazards of the pipelined MIPS CPU

based on the architecture shown in Figure 2, respectively.

_::L [ gonzord ) ID/EX.MemRead

unlt
£
3 ID/EX
£ /\ . l’*_"f | ExMEM
o Control u M W MEM/WB
¢ = L] o
2 IF{D 0 - EX I M WB|—
3] i =7 il o
o
s
Wi
u
S X
‘g Reglstors % T
ALU
pcl,| Instruction 15| (M) >
memory ™ M Data
u memory
X
IF/ID.RegisterRs .
IF/D.RegisterRt
|F/ID.RegisterRt Rt l\l.:l
IF/ID.RegisterRd Rd
L ID/EX.RogistorAt — \XJ - —
| unit /

Figure 2: Architecture for Problem 4

5. [25%] Cache memory
(a) [4%] Explain what two localities of memory data are and give examples, respectively.

(b) [2%] Explain how a hierarchical memory system takes advantage of localities.
(c) [4%] What are the advantages and disadvantages of SRAMs and DRAMs, respectively? How
are they used in a hierarchical memory system, respectively?
(d) [15%] For a cache with 4 blocks, complete the cache access results for a direct mapped cache,
a 2-way set associative cache and a fully associative cache, respectively, shown in the three
tables shown below. Please draw these three tables in your answer papers and fill in your
answers. Note that in this problem the least recently used block replacement policy is assumed.

SHEAEL] FEBEEZEA— R AZHNSENEREETHEALES AT
4o HBAME A EERTFHS o
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Table 1: Direct mapped cache
Block Cache conte.nt after access
address Cache index Hit/miss (Mem|x] where x is the block address)
0 1 2 3
4
2
4
1
3
5
3
1
Table 2: 2-way set associative cache
Block Cache conte.nt after access
address Cache index Hit/miss (Mem|[x] where x is the block add;ess)
Set 0 Set 1
4
2
4
1
3
5
3
1
Table 3: fully associative cache
Block Hit/miss " Cache content after access
address (Mem[x] where x is the block address)
4
2
4
1
3
5
3
1
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1.

Ve Vbe
Rout
R
’ Vo VO
Risig Risig
@ Vsig Vsig
Flgure 1
Ve
R
RC out
R
v ° ' ICZ Vo
C, Rig G |
Rsig Cl RL Q1 . RL
’H — k Vsig Qz ‘
Vsig - Rs -
Rin —
Figure 3 Figure 4

(20%) Figure 1 shows a MOSFET circuit with the Vpc =5 V, Rsig = 120 kQ, Rg1 = 300 kQ, Rz =
200 kQ, Rp =2 kO, Rs = 1 kQ, Ry = 1 kQ. The threshold voltage Vru and uCoxW/L of MOSFET
are —1 V and 2 mA/V? respectively. Neglect the channel length modulation effect. (a) Please find the
DC drain current Ip. (b) For AC analysis, please find the input resistance Rin, output resistance Rout
and overall gain vo/vsig. (§%%*4)

(20%) Figure 2 shows a BJT circuit with the Vpc =5 V, Rsig = 120 kQ, Rg1 = 300 kQ, Rz = 200 k€,

Reg =5kQ, Re =2 kO, RL =5 kQ. The BJT has |Veel 0.7 V, B = 100, thermal voltage V1 =25 mV.
Neglect the Early effect. (2) Please find the DC collector current Ic. (b) For AC analysis, please find
the input resistance Rin, output resistance Rout and overall gain vo/vsig. (5%%4)

(30%) The amplifier shown in Fig. 3 has Vpc = 1.5 V, Rsig =Rr. =1 kQ, Rc = 1 kQ, Rg = 47 kQ. The
BIJT has [Veel = 0.7 V, B =100, Cyx = 0.8 pF, fr = 600 MHz, and thermal voltage Vt = 25 mV.
Assume the coupling capacitors to be very large. Neglect the Early effect. (a) Find the collector
current of the transistor. (b) Find the overall gain vo/vsig and the input resistance Ri at midband
frequency. (c) Find the high frequency response fi. (5%,5%,10%,10%)

(30%) Consider the BICMOS amplifier shown in Fig. 4 has Vpc =5 V, Rsig = 100 kQ, Rg = 10 MQ,
Rs = 6.8 kQ, Rc =3kQ, Ri=1kO, C;= 0.1 uF, Co = 1 pF. The BJT has [Veel = 0.7 V, B =200, Cp.
= 0.8 pF, fr = 600 MHz, and thermal voltage V1 =25 mV. The MOSFET has Vta =1 V, uCoxW/L =
2 mA/V?, and Cgs = Cga = 1 pF. Neglect the Early effect and channel length modulation effect. (a)
Consider the DC bias circuit. Neglect the base current of Q2 in determining the current in Q1. Find
the DC drain current in QI and collector current in Q2. (b) Consider the circuit at low frequencies.
Determine the frequency of the poles due to C1 and C2. (c) Consider the circuit at higher frequencies.
Use open-circuit time constants to estimate fu. (5%,5%,5%,5%,10%)
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Question 1 (30%)
—ERSGSMAN v BEHE v ZHARTHMA

y(t) = / e~ ="y (7)dr
FEEUATHA RO BRAXRBRERAROLEE - RELEELEBAIRALFHL -
(@) 5%) FFL2 2T AR KT ' ‘
() 5%) FFILABRFAIEFHLA?
©) (5%) #HLA LA RBABRIY? 24 > FHESIVLM? 26 FHAES -
(d) (5%) # it % 4.2 F ABIBO (Bounded Input Bounded Output) f% /{‘7

(e) (5%) FHL 2% EFEA BRM (& causal system)?
() (5%) 3F s 4 G HAMESA R 6 RA IAEWEARGLR?

r—oT—» b0l LN e > ¥

Figure 1: the feedback system for Questions 2 and 3.

Question 2 (40%) :
# Ko Figure | 2 W42 4124t AFGC H CHONRERLEAGREHE G B LG T
IEE: S =W - .

§(t) + a19(t) + aoy(t) = —bi(t — 7) + u(t — 7) |
HEFag, ar, b, Tf%a’:,%’f_ﬁ_ 720 FEHERATMA - RABERARBRERARYEE - RA4
EELBEARRALRTHY

Y

@ (5%) £ b=08> #R oo £ oy FEHRMHEMEAFRECARTEESHERETERE?
(b) (5%) € T=0EG &L #HH G 2H¥HER (gainmargin) TELEE K ?

(© (5%) & 7#0:0<0° LG HEEF FF G2 BER (gain margin) ar%;‘%ﬁ.ggk ?
() (5%) & 7#0 B G BRBE > 38 G 2484rid R (phase margin) T@;%ﬁzg‘g’k ?

(&) (5%) 1'?“" T=08¥%EHE C HLHEHNSE (k?fi&frﬁ'fé%‘fé E¥S{E) - & G AR/ BAL A
G FRCIHERFTHEZEANH AR AR EAHRL?

) %) BEa=0=0E7#0 - LwRIFEHSE C HILblEH % @ﬁ&ﬁ@%ﬁiﬁ S1E) &4
oOHM b ERRMEGENER AL E TREE?

(@ (5%) B ay=a1=b=0H7#0 3#HT 7 ezl 8 %Tbﬁﬁﬁﬁ%%%i?

(1) T#41% QD45 (3) PLi£4]% (4)PD #24] % (5) PID EH B

FnEE EAEEEE
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(h) (5%) B3 b=7 =0 #&H 3§ C & —F Bl (proper) » L H 4 M@K 4 B LR - WA
BAEMT  PORARETATRLLEHR (P ERERERE) THME?
(1) FEWIL (2) Sk it (3) M s mak

Question 3 (20%)

B RA 4o [ Figure 1 2 @424 40 4 4 -
4

(@) %) & G thi s Ik B

’ 8, — 2 ] H I 15 ¥ A G M
(s+1)(s2+ 25+ 4) C B—HrbhlEdl s (GEAL R A& 2
SAL) o WK ALY FE I - B R & Ao 2 AR B3R 2 48 I (infimum) K47 ?

(b) (15%) st¥ Ll A 8t G WrEMekst —EW B > MRNSHRAMNZ I BT B ARERE IR
0.1% o

Question 4 (10%)

WH ARk 15 % (phase-lag compensator) T & A R4EHA & sz A8 % (phase
margin) ; &L AR > w7 phase-lag HEBH M 4% > EAamS AT ERAMMATH & 4248
i B K? o0 B0 Hiil e ksEE (Bodeplot) RNARMIE e -

End of Examination
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Note: There are 20 questions in total. Each one is 5 points. Please choose one answer for each
question. No extra points will be deducted for wrong answers.

1. In how many ways can the letters in AAANSYSU be linearly arranged? (a) 40320; (b)
13440 (c) 6720; (d) 3360.
2. In how many ways can the letters in AAANSYSU be linearly arranged such that all the A’s
are adjacent? (a) 720; (b) 360; (c) 240; (d) 180.
3. In how many ways can the letters in AAANSYSU be linearly arranged such that N and U‘
are adjacent? (a) 840; (b) 420; (c) 210; (d) 140.
4. What is the probability that a random, linear arrangement of the letters in AAANSYSU
starts and ends with the letter S? (a) 15 (b) &3 () a3 (@) L.
5. What is the coefficient of z7y? in the expansion of (3z — 3y)%7 (a) - 825 (0) -4, (c) -5,
' () - 405
6. What is the sum of all the coefficients in the expansion of (z + )17 (a) 256; (b) 512; (c)
1024; (d) 2048.
7. Let p, g be primitive .statements for which p — ¢ is false. Which of the following is true?
@pAg®-pVg(c)g— p;(d)~g— —p.
8. Let p, g be arbitrary statements. Which of the following is equivalent to p — ¢? (a) p A g;
(&) pV =g; (¢) ~g = p; (d) =g — —p.
9. Let p, ¢, and r be arbitrary statements. If p — 7 is true and —p —> q is true, which of the
following is also true? () =7 ~+ g; (b) 7 = g; (¢) = V/ g (d) 7 V .
10. If a set S has 127 proper subsets, what is |S|? (a) 128; (b) 254; (c) 256; (d) 512.
11. How many subsets of {3, 4,5,6, 7,38, 9,10,11, 12,13} contain at least one even integer? (a)
1981; (b) 1982; (c) 1983; (d) 1984.
12. What is the value of n, a positive integer, for which Y7 (¢ + 9) = Yo (20— 1)7 (2).17;
(b) 18; (c) 19; (d) 20. '
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13. Let b, = 3 and byyy = by -+ 3n+ 2 forn > 1. What is bio? (a) 176; (b) 156; (c) 136; (d)
116.

14. If we want to totally make sure at least two of n different people have birthdays that occur
on the same day of January, what is the minimum for n? (a) 64; (b) 32; (c) 2; (d) 31.

15. Let S = {Alan, John, Jone, Sam, Don, Mary, Tom, Bill}. How many subsets are there which
contain both Sam and Tom? (a) 16; (b) 32; (c) 48; (d) 64.

16. A company gets graphics cards from two sources. The first source provides 40% of the
cards, and the second source provides 60% of the cards. Past experience has shown that % of

1

- ey P s VN L SIS I ) N |
the cards from the first source are found to be defective, while

5 Of thie cards from the second
source are found to be defective. If a graphics cards is selected and found to be defective,
what is the probability it was provided by the first source? (a) HOEIOENGES

17. The number of bacteria is 100 initially, and the number doubles every four hours. How many
bacteria are there after one day? (a) 6400; (b) 3200; (c) 1600; (d) 800.

18. What is = for making the equation logyoz — log) 6 = 2 hold? (a) 1000; (b) 9; (c) 300; (d)
600.

19. Let A, B, C be matrices. Which of the following is true? (a) IF AB and BA are computable,
then AB = BA; (b)If AB = AC,then B=C;(c)IfA+ B = A + C,then B =C; ) If
Ais square, then A is invertible.

a b ¢ 20 3b 4c
20. If | d e f|=13, whatisthe value of | 2d 3e 4f |7 (a) 312; (b) 156; (c) 104; (d) 52.

g h 1 29 3h 41
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Dielectric constant: Si=11.9 ; SiO, =3.9. Bandgap: Si =1.12 eV ; GaAs=1.42 eV.
1. A silicon sample has a doping proﬁle with donors N, =N, exp( mx) If N, >>n,, find the

expression for the built-in electric field at equilibrium. (20%)

2. A Si p-n junction has same doping concentration 2x10' ¢m™ in each side. The peak electric filed in

the junction at breakdown i is 2x10° V/em. Calculate the reverse breakdown voltage of this junction at
300K. (20%)

3. Calculate the oxide capacitance, the flatband capacitance, and the high frequency capacitanée in
inversion of a silicon MOS capacitor with a substrate doping Ny = 2x10" cm?, a 25 nm thick silicon
dioxide and an aluminum gate (¢p = 4.1 V). (20%)

4. For heterojunctions in the GaAs-AlGaAs system, the direct bandgap difference is accommodated
approximately -2— in the conduction band and l in the valence band. The bandgap of AlGaAs is 1.85

€eVif Al composmon is 0.3. Draw the band d1agrams of two heterojunctions:

(a) N"-Aly3Gag 7As on n-GaAs (b) P*-Alg3Gag7As on n-GaAs (20%).

5. In a metal-Si Schottky bamer contact, the barrier height is 0.85 ¢V and the effective Richardson
constant is 110 A/K*cm? Calculate the ratio of the injected hole current to the electron current at

300K. D, =12 cm’s, 7, = 5><10 s, and Np = 2><10160m"3 (20%)
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1. (30%) Figure 1 shows an amplifier made of a single MOSFET that is biased with Ip = 0.5 mA.
Assume that all capacitors C1, C and Cs are large enough to act like shorted in the frequency band of
interest, and the parasitic capacitances of the MOSFET Q and the series gate resistance are negligible.
The transistor O has the device parameters: W/L = 80, tmCox = 50 BA/VZ, Vg =07 V, A= 0.1.
(2)(20%) Draw the ac equivalent circuit. Determine the frequency (in rad/s) at which the amplifier
achieves the peak gain, and determine this maximum gain. (b) (10%) Find the bandwidth of the

amplifier (in rad/s). Note: I = % 1, Cox % (Vos =V )*(L+ AVpg) for Q in saturation,

12V
200 nF 2082
R
L an ) Vo
o 1 —w + L,
C 20kQ
Vsig R1 ._l
5kQ ¥ 0.IlmH
Fig. 1 Fig. 2

2. (20%) Use the Barkhausen criterion to determine the values of R and C so that the Wien-bridge
circuit in Fig. 2 oscillates at 100 kHz.

3. (30%) (2) (20%) Determine the values of R and C in Fig. 3 so that the average power dissipation on
resistor R is maximized. (b) (10%) Calculate this'maximum power.

VDD=1 5V

150k Q

WA c 100
50 Q ' G
CD cos(10*) g 1 =/~C :> R Vsig 69 150kQ) -VO
mH . 7.5kQ To high
: ‘ . impedance
= = = load
Fig. 3 Fig. 4

4. (20%) An emitter follower in Fig. 4 is used to drive a very high impedance. C1 forms a high-pass
filter with the divider resistances and the resistance looking into the base. Choose the value of Ci so

that the resulting cutoff frequency is 1 kHz.
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1. (10%) (a) Explain Gradient, Divergence, and Curl. (b) Curl of a Gradient field, VX ¥¥ =,
Divergence of a Curl, ¥- ¥ A = 0. Vis a scalar field, A is a vector field. .87 E 432 & % (why?) >

REA| o ,

ln—b—
a

2. (10%) For a coaxial transmission line, Fig. 1, the capacitance per unit length is e 27 275, [ ] and the
m

inductance per unit length is g'= ;‘0 In= b { H] . At high frequencies, the internal inductance drops
87z Z a|m :

off. Find the characteristic impedance of the coaxial line, z, = \/Z , at high frequencies. Please also
cl

write down the unit of Z, i.e., what is the square root of (H/F)? What is the speed the wave travels in

the coaxial cable? You can find it by calculating velocity = \/;'_ .
- c '

Fig. 1. Coaxial cable

3. (10%) In the following configurations, Fig. 2, assuming both grounds are perfect conductors, current
directions are as indicated (the solid arrows); the image current for both cases are shown. Using a, XH
=], H is the magnetic field intensity on the ground, a, is the normal vector of the top surface of the
grounds, determine the direction of the currents on the top surface of the grounds.

solder A GND

. 4
nlmage current k- Image current
I

Fig. 2. Current relative to the ground.

Considering both the original current and its induced current on the ground, which one, left or right,
is likely to be an effective antenna structure, why?

4. (5%) Using the Method of Image, write down the potential distribution, V(x ¥, z), for an observing

point P(x ¥, z) in the space, Flg 3. The d1electnc constant of the space is gp. Q is a posmve point

o o W wl
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charge of Q Coul.

Grounded
plane conductor

ho, o
o I

Fig. 3. A charge source Q above a ground.

5. (10%) F & Fig. 4 2 magnetic flux density B can be found as,

— folL
B =ay 2urJIZ 12
Fig. 4. An observing point P near a current source .

ffi1t E 3]Z B as a function of r, ug, and as when L>>r. In cylindrical coordinate system,

l%+% Show that V- B = 0.

V-B=li(r3,)+
r op Oz

¥ Oor

6. (5%) What are the permittivity ¢ and permeability u of Copper, a very good conductor? Provide your
reasoning.

7. (10%) Analyze the performance of a right-hand circularly polarized wave received respectively by
linearly or circularly polarized antennae.

8. (15%) As shown in Fig. 5, a waveguide filled with a material whose &, = 2.25 has dimensions a =2
cm and b = 1.4 cm. If the guide is to transmit 13.5 GHz signals, what possible modes can be used for
the transmission? Please respectively calculate the cutoff frequencies of the possible modes.
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9. (15%) According to Fig. 6, write the input impedance of the transmission line in differential special
cases.

(a) (6%) Open-circuit termination, and also plot the reactance-line length diagram

(b) (6%) Short-circuit termination, and also plot the reactance-line length diagram

(c) (3%) Quarter-wave section

z' z'=0

o
@)

—_— V+el'ﬁz" ITe?

r=atjl,Z Zy

—— Vet [ e

Q
Q

Fig. 6

10. (10%) As shown in Fig. 7, calculate the average power transmitted into the infinite 150 Q line. The
M2 line is lossless and the infinitely long line is slightly lossy. (Hint: The input impedance of an
infinitely long line is equal to its characteristic impedance so long as the line is not lossless)

=05 A
50 Q k |
e
W,
; T
2V Z;=50Q Z;,=150Q->
’ C _>Ptav

Fig. 7




