BHRLHLERA
Cryptography Ph.D Qualified Exam.

(Close book, 2014/4/17)

Describe the evolution of information security (including

cryptography) according to the improvement of science or

technology.
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1. (30%)
Given a distribution with probability density function f(x)=4e™*, for 1>0.
(a) Find the moment generation function of x.
(b) Use the moment generation function to find the mean and variance
of the distribution.
(c) Let y=x?, find the moment generation function of y.
(d) Use the above result to find the probability density function of y.

2. (25%)

Let Xx,,X,,,X, denotethe independent random variables taken from a
discrete probability distribution, f(x,6), where 6 is a single parameter of
the distribution.

(a) Define the likelihood function.

(b) Explain the function of a maximum likelihood estimator.

(¢) For a Normal distribution ~N(y,o), find the maximum likelihood

estimators for u and o.

3. (15%)
Let y is estimated by ax, where y and x are RVs. Show that the MS error
e=E{(y—ax)’} is minimized when a is such that E{(y—ax)x}=0

4. (15%)
Let X be a random variable and Y=g(X). Prove that
(2 E[Y]=E[g()].
_ @) fe@) | fx)
® ) 20 + 20 Fooet o
y=g(x)=g(x,)="-

+--+, where

5. (15%)
A random sample of 40 students obtained a mean of 75 and a variance of 15
on a college placement test in math. Assume the scores to be normally
distributed, construct the 98% confidence interval for 2.
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. (10%) For a set ScN of size n, determine the number of trees with
vertex set S.

. (10%) Show that every connected graph contains a spanning tree.

. (20%) Show that a graph is bipartite iff it has no odd cycle.

. (20%) Determine the Wiener index of an n-vertex path.

. (10%) Show that the center of a tree is a vertex or an edge.

. (10%) Show that if k>0, then a k-regular bipartite graph has the same
number of vertices in each partite set.

. (20%) Show that every component of the symmetric difference of two
matchings is a path or an even cycle.
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(a) What is the 1-D convolution theorem of a continuous variable? (4%) please
prove it. (6%) (b) What is aliasing? (4%) Will the shrinking and zooming
operations cause aliasing? (Shrinking? zooming? or both?) Why? (6%)

You are given a medical image and asked to filter the image in frequency domain.
Please give the steps that you use to perform image filtering and explain the
function of each step. (12%) Please also explain how you can put the origin of
frequency image at the image center and prove it. (8%)

A certain color transform in RGB color space is s; = kr, i=1,2,3, k is the scaling
parameter. (a) Please show its corresponding transform in CMY space iss; = kr; + (1 - k)
i=1,2,3. (10%) (b) Please also give the formula of the above transform in HSI space, and

describe the advantages and disadvantages for using transform in HSI space. (10%)

The Laplacian of Gaussian filter is given as

? 1 ! = x4 Y
sz(x,y){'t =2 ]e 207
g’

(a) Please prove that the average value of this filter is zero. (Please note
) 22
I 257
dz =1
oo L€ 7= on

(b) Please also show that the average value of an image convolved with this filter

ol = ! rzze_Z’Tzdz and
2ro

is also zero. (Hint: Please using the convolution theorem and DC value in
Fourier transform in the proof.) (10%)

What is the watershed segmentation algorithm? (6%) What are the common
drawbacks of this method? (6%) How will you handle these problems? (7%)
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(20%) Assume that a demand-paging system has 4 page frames, and the size of
a page frame is 10 bytes. The memory is byte-addressable and the memory
reference string is as follows:

Addresses: 70, 09, 18, 24, 01, 32, 02, 40, 22, 30, 02, 30, 23, 18

Please answer the following questions, and explain the answers.
a. What is the page fault number under the LRU page replacement strategy?
b. What is the minimal page fault number?

(20%) Please describe the advantage(s) and disadvantage(s) of setting a very
small time quantum in RR scheduling,

(20%) Consider a demand-paging system with the following time-measured
utilizations:

CPU 5%

Swap Partition 98%

Other I/O Devices 7%

Will the following methods improve the CPU utilization? Briefly explain your
answers.

(5%) Execute more processes

. (5%) Enlarge the main memory

. (5%) Enlarge the swap partition

Ao o p

(5%) Place the swap partition in a faster disk

(15%) What’s thread-specific data? What are the difference(s) between
thread-specific data, local variables, and global variables?

(15%) What are the difference(s) between deadlock prevention and deadlock
avoidance? Which one you prefer, and why?

(10%) Please describe the benefit(s) of using a reader-writer semaphore,
compared to the use of a traditional semaphore.
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1. (20%) Consider an LTI system with frequency response
l_e—j'.!m

, —T<WST
1 e—j"lm

H(e/®) =
1+

Determine the output y[n] for all » if the input x[#] for all # is

x[n]= sin(%).

2. (20%) A causal and stable LTI system S has its input x{»] and output y[»] related by the linear constant-
coefficient difference equation
10
ynl+ Y ey yln—k]=x[n]+ Bxln-11,
k=1
Let the impulse response of S be the sequence A[r]
(a) Show that ¢, can be determined from the knowledge of #[0] and A[1].

(b) If An]=(0.9)" cos(zn/ 4) for 0<n <10, sketch the pole-zero plot for the system function of S, and
indicate the region of convergence.

3. (20%) In the following figure, H(z) is the system function of a causal LTI system. As shown in the
figure, W(z) can be expressed in the form
W(z)=H,(2)X(z)+ H,(z)E(2)
|

For the case H(z) =—2“|_, determine H, (z) and H,(z)-
(1-z")

eln|

— 4
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4.(20%) A discrete-time causal LTI system has the system function
(140227 (1-9z7%)

(1+0.81z7%)
(a) Is the system stable?

(b) Determine expressions for a minimim-phase system H;(z) and an all-pass system H,,(z) such
that

H(z)=

H(z)y= Hi(2) Hep(2)

5.(20%) Let X(e’®) denote the Fourier transform of the sequence x[n]= (é)”u[n]. Let y[n] denote a

finite-duration sequence of length 10; i.e., y[n]=0, n<0, and y[n]=0, n>10. The 10-point DFT
of y[n], denoted by Y[k], corresponds to 10 equally spaced samples of X(e”) ; i.e.,
Y[kl = X (e’*™'°). Determine y[n].
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1. (10%) Give formal definitions of ©®(g(n)),0(g(n)),and Q(g(n)).

el BN

(10%) Give asymptotic upper and lower bounds for 7(n) in the following

recurrence: T(n)=T (g) +T (%) + O(n) (please make your bound as tight as

possible).

(10%) Describe a @(nlgn)-time algorithm that, given a set of » integers and
another integer x, determine whether or not there exist two elements in S whose
sum is exactly x.

(20%) Show that any comparison sort algorithm requires Q(nlg#n)comparisons
in the worst case.

(10%) Present the radix sort algorithm and analyze the complexity.

(10%) Present the quick sort algorithm and analyze the complexity.

(20%) Show how to sort n integers in the range 0 to n’ -1 in O(n) time.

(10%) (a) (5%) Determine which one of the 0-1 knapsack problem and the
fractional knapsack problem cannot be solved using the greedy strategy? (b) (5%)
Give an example to explain that.



Information Retrieval
PhD Qualification Examination (2105 Spring)

(30 points) Please describe the following terminologies. (1) Ad-hoc search (2) LOOCYV (3) probabilistic
latent semantic analysis (4) Bayesian network (5) Lemmatization (6) POS tagging (7) Boolean Model
(8) Wrapper (9) Break-even point (10) 1-NN

(20 points) (a) From this graph in the right figure, please analysis and explain A
what is the effects for hub / authority value of Node 4 if we add anew edge | .
2->6 (this is also called a shortcut link). (b) Please describe applications / ; ’ N
problems in which the mutually reinforcement link algorithms, e.g., HITS, vy
PageRank, are better and more sensitive than general local link algorithms,

e.g., in-degree counting.

(25 pts) For the example in the following table, the multinomial parameters we need to classify the test
document are the priors P(c) = 3/4, P(not ¢) = 1/4. Please find the value of P(“Chinese”|not c),
P(“Japan”[not c), P(c|ds) and P(not c|ds). [Hint: P(“Chinese”|c)=(5+1)/(8+6)=3/7]

docld  Words in document in ¢ = China?
Training set 1 Chinese, Beijing, Chinese Yes

2 Chinese, Chinese, Shanghai Yes

3 Chinese, Macao Yes

4 Tokyo, Japan, Chinese No
Test set 5 Chinese, Chinese, Chinese, Tokyo, Japan  ?

(25 pts) You have an experiment dataset, which contains 10 positive cases (P), 30 negative cases (N),
and 60 un-labeled cases (U). You have implemented two retrieval systems (M1 and M2) and you want
to evaluate which one is better. The following table shows their top-30 retrieval results. Please answer:
(1). R-Precision and MAP of M2.

(2). Use MRR of M1 and M2 to compare their performance. Is MRR good for judging your systems?
(3). DCG of M1, where relevance score (i-th P cases)=11-i, N, U cases score 0.

(4). Which system is better? How do you judge this? How to improve it?

(5). What are the effects of these 60 un-labeled cases? Will they make your judgment different?

Top-30 results #P (ranks) #N | #U

M1 5(, 4,5, 11,15 | 10
20)

M2 3 (2,10, 20) 7 120




DBMS
PhD Qualification Examination (2105 Spring)

(40 pts) Please describe the following terminologies / concepts. (1) 4NF (2) DBA (3) Views (4)
Boyce-Codd Normal Form (BCNF) (5) B*-Tree (6) Cascading Rollback (7) NoSQL (8) Two-Phase

Locking Protocol.

(30 pots) Suppose we decompose the scheme R = (A, B, C, D, E) into (A, B, C), (A, D, E). (a) Show
that this is a lossless-join decomposition if the following set F of functional dependencies hold. (b)
Give a lossless-join decomposition of the scheme R into BCNF. (¢) Give a lossless-join, dependency-
preserving decomposition of scheme R into 3NF.

A->BC

CD-E

B->D

E2>A

(30 pts) —REBRARFTEFHRERM , EHEE O WHMABMEASN , ERHMTRE .
E4EER: BB, &
FIRER: DB, B, AL,
R R, BAER
MR 2
(a) FRBEGFT —ETENRZBERYCHREARR(FREADZ(b)NES , LA HHER
E-R diagram.
(b) FRIBRREGTNERERHUTHYEEN SQL EHFER (1) EEH D REANEFTEEN
AtBaE 2 EEMEALNAINFEIMSREHEREFE.



Qualifications Test of Context-aware System Design (2015, open book)

3 A 7 context awareness & 32 $2 1 B 4| 37 AR 7518 12 &) cloud service for health care
BRE®R REETH A :

QR BETRLFERR A ERRAE Y 2L FHE > LRARLMH L ubiquitous
context-aware service #5451 o A F M B E R - R A0 - AMEY) ~ RF A
MR ER - RERGERALEDO oM AT BB MERIBE - (25 %)
(b)5 3% & B 33T i #5422 context model » (20 %)

()35 1 4% TEA context perception architecture » 3% 3t A7 i #5 48 2 context acquisition
mechanism ° (15 %)

(d)3E 3R A 4o fT4k A context broker paradigm FRATMEAER - ZXRESH A ot
paradigm > FR3FMNALRE - (15 2)

(e)3F $BA o fT4E A context widget /& 32 ¥ 3R AT 45 48 - 3£ 5~ ¢ interpreters,
aggregators % context toolkit 7o £ MR &Y% 3t P T A AE s hEE o (15 %)

()35 3R 99 BT i A% A8 4o /T 42 A Sentient Object Model 4 & 3, context management(f&
€45 % 18 Sentient Objects L. EHe415i8) » F P K 4T - X R BEAILA Bk
paradigm » FF3ERALBE - (10 4)
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Computer Architecture
Explain the following terms (20%, 4 points each)
Amdahl law
. Delayed branch

a.
b
c.
d
e

Precise exception
Simultaneous multithreading
Cache coherence

Answer the following questions (20%, 5 points each)

a.

What is the influence of cache miss rate (increased or reduced) if larger block
size is used? Explain why.

What is the influence of cache miss rate (increased or reduced) if higher
associativity is used? Explain why.

What is the influence of cache miss penalty (increased or reduced) if
multilevel cache is used? Explain why.

What is the influence of hit time (increased or reduced) if trace cache is used?
Explain why.

(40%) Answer the following questions.

a.

b.

[10%] Explain what RAW, WAW and WAR hazards are

[10 %] Refer the following instruction sequence. Find all data hazards in this
instruction sequence for an 5-stage pipeline if data forwarding is NOT used.
Note that the instructions are executed in order.

Instruction sequence
lw  $1,40(82)
add $2,$3,$3
add $1,$1,$2
sw  $1,20(82)

[10%] Repeat (b) if data forwarding IS used.

[10%] To reduce the clock cycle time, we are considering a split of the MEM

stage into two stages. Find all data hazards in this instruction sequence for this

architecture if data forwarding is NOT used.

(20%) With dynamic hardware for reducing branch costs, what is the disadvantage

of a simple 1-bit branch-prediction buffer for a branch that is almost always

taken? Explain why the 2-bit prediction scheme can remedy this disadvantage.

Also explain what correlated predictors is by illustrating an example.



104.4.17 VLSI

1. Explain the following terms in detail: (60%)

(a) critical path (b) setup time
(c) power dissipation (d) clock skew
(e) RTL (f) hard IP

2. Describe the difference between full custom and Cell-based design flow. (15%)

3. What is the difference between “a front-end designer” and

“a back-end designer” ? (10%)

4. Explain the difference of the following two graphic symbols (5%) and draw their
timing outputs Q and F (gate delay is ignored) for the input sequence (10%).
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