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A. Show all details for non-trivial questions to receive partial credit, in case your answer is wrong,. ?

B. You do not have to write everything in English. &

&

1. (10%, 1% for each problem ) True, False, or select a number. \ X

() |(a) The Jargest integer can be represented by 8 bits using unsigned integer is 256. &
()| (b) Access to the beginning of a RAM takes less time than access to the end of a RAM. Eg,
() {(c) The sizes of MAR and the size of MDR are the same, in general. &«g
() | (d) The data store on a disk or on a tape both needs an address mechanism for data N

retrieval.

() | (e) The task of the linker is to read instructions from the object file and store them into
memory for execution..

()| (f) Which of the following tasks the computers will have better performance than human:
(Dcomputation, (2)recognition, (3) reasoning, (4) learning, (5) none of.the above tasks?.
()| (g) WAN generally uses Ethernet protocol.

()| (h) Neural networks can be used to simulate the connectionist architecture of the human
brain.

()| (1) Binding is the process of associating a symbolic name with a memory address.

()| () Which of the following functions is handled by operating system? (1) language
translation, (2) memory management, (3) file system management, (4) scheduling,‘
(5) all of the above functions.

-,

2. (2) (2%) What shall an OS do in order to initiate the execution of a program?
(4%) | (b) (2%) Which program of the OS will do this process, in general?

3. (a) (4%) What are the purposes of (1) the op-code table and (2) the symbol table generated

(12%) by the assembler? '

(b) (8%) Explain the following four terms that are used in compiler or programming
language design: (1) BNF, (2) grammar, (3) language, and (4) semantic record.

4. A computer designer designs a new computer that has 50 instructions in the machine

(6%) | language and the maximal addressable memory space is 1GB. Answer, with explanations,

the following questions:

(2) (2%) How many bits will be used in the instruction register to hold a two-address
instruction?

(b) (2%) What are the input and output size of the memory address decoder if it is a
two-dimensional memory?

(c) (2%) What will be the decoder’s input and output size used for IRp?
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5. (a) (2%) Describe how a two-input multiplexor works.

(10%) | (b) (3%) Suppose that the two inputs are A and B and the selection line is S. Construct the

truth table for the two-input multiplexor.

(c¢) (2%) Use the result in (b) to derive the Boolean expression of the two-input
muitiplexor.

(d) (3%) Draw a simple circuit for this Boolean expression using only AND, OR, and NOT

gates.
6. Consider the 32-bit floating point number format shown below.
(8%) S exp mantissa
12 89 32

The 24-bit mantissa and 7-bit exponent have a base of 16, and the exponent also has a bias
of 64, so that the bit pattern represents

(-1)° x 16" x (.mantissa,, (i.e. 0.mantissa < 1)

(a) (4%) Using this definition, convert the following representation to decimal
number:

~

2572000,

(b) (2%) What is the hexadecimal representation for the word that encodes the largest

positive number that can be represented in this format? Write this value to the nearest
power of 2.

(c) (2%) What is the hexadecimal representation for the word that encodes the smallest

positive normalized number that can be represented in this format? Write this value to
the nearest power of 2.

l%f*'

e e e

R B

”—’&
p
=

% oy B8 8 PF

1

| X A M £ H ¥

-




SERTPY PRSI Y. EE L BT PN

£ X B vfjér%( LB

50 E R e w o m| T

7. (10%)
(1) Please give the logarithmic time algorithm to find the minimum node of an AVL
tree. |
(2) Please modify the data structure of the AVL tree and give the logarithmic time

algorithm to find the k-th node of this trec.

8. (10%)
Consider the infinite set of strings S={WyW"| W is in I*, Y={x, yi} where R
denotes the reverse of W, the symbol “*’ represents “any number.” That is, S={‘y’,
Xyx’, ‘yyy’, xXxyxx’, ‘yyyyy’', ‘xyyxy’, ‘yxyyx’, ... }. Given a string T, please
design the algorithm to check whether T belongs to the set S.

9. (7.5%) I8 » FFRE LS 43 EEHREH 1 4>

(1) () While queue is used in topological sorting, stack can also be used and the
correct ordering is produced.

(2) () Both the Dijkstra’ algorithm for shortest path algorithm and the Prime’s
algorithm for minimum cost spanning tree are based on the greedy strategy.

(3) () The third minimum element of an minimum heap must be onc of the two
children of the root.

(4) () If we can prove that the lower bound of an NP-complete problem is
exponential, then we have proved that NP # P. .

(5) () Given a graph with n vertex, the minimum cost spanmng tree of this graph

contains exactly n-1 edges.

10. (7.5%)3855%08 » 45558 1.5 ) » S 4
(1) ( ) Which of the following sequence of data will produce a complete binary
search tree?
(a) ‘Mary’, ‘Lily’, ‘John’, ‘James’, ‘Grace’, ‘Chris’
(b) ‘James’, ‘Grace’, ‘John’, ‘Chris’, ‘Lily’, ‘Mary’
(c) ‘Chnis’, ‘Grace’, ‘James’, ‘John’, ‘Lily’, ‘Mary’
(d) ‘John’, ‘Mary’, ‘Grace’, “Chris’, ‘Lily’, ‘James’

(2) () Which of the following is the prefix form of the expression A/B*"C+D*E-A*C,
where B~C means the C-th power of B.
(a) -*+"/ABCDE*AC
(b) -+ ABC*DE*AC
(c) +-*/ABC*DE*AC
(d) -+/ABC*DE*AC
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(3) () Concerning the heap, which of the following is wrong?
(a) The sum of the heights of all the nodes in the N-node heap is O(N)
(b) In the worst case, the time complexity of insertion into an N-node heap is
O(logN)
(c) A heap is a complete binary tree.
(d) Heap sort is a stable sorting algorithm

(4) () Given the following six records with two field name and age, in the sequence
of (Chris, 25), (James, 40), (Lily, 22), (Grace,25), (John, 20), which of the
following sorting method on the age field will produce the result in the sequence
of (John, 20), (Lily, 22), (Grace, 25), (Chris, 25), (James, 40) ?

(a) radix sort
(b) merge sort
(c) selection sort

(d) insertion sort

(5) () Concerning the graph, please choose the correct one,
(a) The adjacency list representation is suitable for dense graph.
(b) There exist no topological ordering for cyclic graph.
(c) Heap is useful in the Kruskal’s algorithm for minimum cost spanning tree
problem.

(d) The critical path is the shortest path of the graph in the critical path analysis.

11. (7%) Please prove that any sorting algorithm that uses only comparisons between
elements requires Q(NlogN) comparisons.

12. (8%) Given a query point Q and a set of rectangles in 2-dimensional space, the
‘where am I’ query is to search for the set of rectangles which enclose the query
point Q. R-Tree is useful for fast pfoc:essing of ‘where am I’ query. An R-tree is a
balanced tree structure with the indexed rectangles stored in leaf nodes, much like
a B'-tree. Each non-leaf node stores the minimum bounding boxes of the
corresponding children nodes along with the pointers to the children nodes. For
example, the following figure shows an example of twelve indexed rectangles and
the corresponding 3-way R-tree. The twelve indexed rectangles are rectangle RS,
R9Y, ..., R19. In root node, there are two entries. The first 'enlry stores the
minimum bounding box R1 of entries (R3, R4, R5) of its children node. The entry
R3 stores the minimum bounding box R3 of entries (RS, R9, R10) of its children
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node. Note that some of the bounding rectangles of the entries in the non-leaf
nodes overlapped each other.

%)

P

(1) Pleasc design the algorithm to process the “where am 1’ query using R-tree.

(2) Given the query point Q shown in the figure, please denote the nodes visited in
order to process the ‘where am I’ query.
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Computer Organization and Design

1.

[Cache] Suppose that you have a computer system with the following properties:
® Instruction miss rate (IMR): 1.5%
® Data miss rate (DMR): 4.0%

W B i B B

® Percentage of memory instructions (Ml): 30%

® Miss penalty (MP): 60 cycles

Assume that there is no penalty for a cache hit. Also assume that a cache block is
one-word (32 bits).

(a) Express the number of CPU cycles required to execute a program wnth K instructions
(assuming that CPI=1) in terms of the miss rates, miss percentage and miss penalty.
(4%) |

(b) You are allowed to upgrade the computer with one of the following approaches:

I Get a new processor that is twice as fast as your current computer. The
new processor's cache is twice as fast l:ob, so it can keep up with the
processor.

ii. Getanew memory that is twice as fast.

What is a better choice? Fxplain with a detailed quantitative comparison between the two

choices. (6%)

[Fioating-point Arithmelic]

(a) Why is biased notation used in IEEE 754 representation? (2%}

(b) Write the binary representation for the smallest negative floating point value greater
than -1 using single precision IEEE 754 format. (3%)

(c) Nlustrate the key steps in floating-point multiplication using the example: 0.5 x

-0.437549. (5%)

[Parallel Computing]
(a) What are the two possible approaches for parallel processors to share data? (3%)

(b) Outline Flynn's taxoriomy of parallel computers. (3%)
(c) Suppose you wan to perform two sums: one is a sum of two scalar variables and one

is a matrix sum of a pair of two-dimensional arrays, size 500 by 500. What speedup

do you get with 500 jrrocessors? (4%)
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4. [Disk /O] Suppose we have a magnetic disk with the following parameters. 04

o C‘ontroller overhead 1 ms #
®  Average seek time 12 ms i
®  # sectors per track 32 sectors/track g}
®  Sector size 512 bytes ]
(a) If the disk’s rotation rate is 3600 RPS, what is the transfer rate for this disk? (3%) )3 -

(b) What is the average time to read or write an entire track (16 consecutive KB), if the
disk’s rotation rate is 3600 RPM? Assume seclors can be read or written in any order.
(3%)

(c) if we would like an average access time of 21.33 ms to read or write 8 consecutive

sectors (4 KBytes), what disk rotation rate is needed? (4%)

5. [Pipelining] (a) Explain the three types of hazards encountered in pipelining. (Note:
State the causes and possible solutions.) (6%)
(b) What are the characteristics of the MIPS Instruction Set Architecture (ISA) that

facilitate pipelined execution? (Note: State at least two properties.) (4%)
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There are 5 problems in this computer systems: operating systems. The
weights for each problem (or subproblem) is indicated after the problem (or
subproblem) number. Please do all of them.

1. [basic concepts] Please answer the following questions:

(a) (3%) Show the difference between client-server file sharing systems
. and peer-to-peer file sharing systems.

(b) (3%) When no kernel support for multi-threaded processes is pro-
vided, a user-level threads implementation might suffer from what
kinds of problems?

(c) (4%) First compare symmetric multiprocessing (SMP) and asym-
metric multiprocessing on system architecture, then tell us why
all modern operating systems - including Windows NT, Solaris,
and Linux - now support for SMP but not for ASMP?

2. [computer & operating systems structures] A file server uses
caching, and achieves a hit rate of 80%. File operations in the server
cost 5 ms of CPU time when the server finds the requested block in the
cache, and take an additional 15 ms of disk I/O time otherwise. Ex-
plaining any assumptions you make, estimate the server’s throughput
capacity (average requests/sec) if it is:

a) (3%) single-threaded;

(
(b) (3%) two-threaded, running on a single PrOCESSOr;
(

c) (4%) two-threaded, running on a two-processor computer

3. (10%) [process synchronization] Assuming that you are compiler
developer and you need to write monitor library procedures using
semaphores provided by operating systems for application programmer.
Your monitor library must include the following APIs:

e enter_monitor(vcid)
¢ leave_monitor_normally(void)

e leave_monitor_with_signal(c)

walt.in_monitor(c), where mutex=1 and ¢ (condition variable) are
semaphores.

Please write down each library in C programming language with respect
to each monitor library APL
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4. (10%) [memory management] A computer has four page frames.
The timing of loading, time of last access, and the R (reference) and
M (modified) bits for each page are as shown below (the times are in

clock ticks):

Page Loaded
0 126
1 230
2 120
3 160

(a) Which page will Enhanced Second-Chance replace?

Last ref.
279
260
272
280

(b) Which page will FIFO replace?
(¢) Which page will Least-Recently-Used (LRU) replace?

(d) Which page will second chance replace?

(3]

. (10%) [distributed file system]

o e O

i I o B

Network File System (NFS) views a set of interconnected workstations
as a set of independent rachines with independent file systems. The
goal is to allow some degree of sharing among these file systems (on
explicit request) in a transparent manner. So SUN NFS aims to sup-
port heterogeneous distributed systems by the provision of an operating

system-independent file service.

(a) What are the key decisions that the implementer of an NSF server
for an operating system other than UNIX would have to take?

(b) What constraints should an underlying filing system obey to the
suitable for the implementation of NFS servers?
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1. (4%) How many zeros are there at the end of the decimal representation of 400 ? % S
(a) 80 (b) 96 (c) 99 (d) 100 | | ?

2. (4%)How many Boolean functions are there with 4 inputs ?
@ 2" ®2* (2" (2"

3. (4%) Which of the following well-formed formulas is not valid under the usual arithmetic
interpretation?
(a) 1#1 2> 2=3 (b) (1=1 = 2=2) <> (2#2-> 1#1)
(a)  (@xVyp(xy) 2 Vydkp(xy) (d)(Vx3Iyp(x,y)) 2> Iyvx p(x,y)

4. (4%) Which of the following languages is not regular? Where A and B are two arbitrary regular
languages,
(a) {a"b"|n=0} (b)A-B (c) { x| Ay with xy € A and [x|=|y|}
(d) {a™] f(n)=n’+n+1andnz=0}

5. (4%) Consider the program S = {x =x+y; y=(y>07?x:-x);}. Suppose after the execution of
the program the postcondition * x >y ™ holds, then which of the followiag conditions must be
true before the execution of § ?

(a) y<0 (b)x>0 (c)x+y20 (dx=y

6. (4%) Suppose f Is an increasing function satisfying the divide-and-conquer relation f(n) =3
f(n/2) + 2n and the initial condition f(1) = 0. What is the asymptotic‘ order of f(n) ?
@6m)  ®»e@lgn  (©6em®) (dem)

7. (10 %) Suppose that a full 4-ary tree has 27 internal vertices.
(a) How many leaves does it have ? [4%]
(b) What is the smallest height it could possibly have ? [4%]
(c) What is the largest height it could possibly have ? [2%]
Note: Single-vertex tree is defined to have height 0.
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8. (6%) Solve the recurrence relation a, = 4 a,.; + 3 a,, with the initial conditions ag=3anda; =
13.

9. (10%) We call a positive integer perfect if it equals the sum of all its positive devisors other than
itself.

(a) Find a perfect number in the range (20,30). [3%)] .
(b) Show that if 2° -1 is prime, then 2°7* (2P -1) is perfect. [7%]
10. (10%) Let A be an infinite set and N the set of all non-negative integers. Show that if there is an

onto mapping from N to A, then there must exist a 1-1 and onto mapi)i-ng (bijection) from A to
N.
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Table Va The Normal Distribution
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1. (4%) How many zeros are there at the end of the decimal representation of 400! ? 1‘ z
(2) 80 (b)96(c)99 (d) 100 ®
&
2. &3

(4%)How many Boolean functions are there with 4 inputs ?
(@) 2* (b)2%(c)2'® (d)2*

. (4%) Which of the following well-formed formulas is not valid under the usual arithmetic

interpretation?
(@ 1=l > 2=3 (b) (1=1 > 2=2) &> (2#2°> 121)
(@) (AxVypxy)) 2> Vydxpxy) (d)(VxIypxy)) 2 3Iyvxpiy)

(4%) Which of the following languages is not regular? Where A and B are two arbitrary regular
languages,

(a) {a""|n=0} (b)A-B (¢) { x| 3y with xy € A and {x|=|y|}

(d) {a™| f(n)=112+n1j landn=0}

(4%) Consider the program S = {x =x+y; y=(y >07?x:-x);}. Suppose after the execution of
the program the postcondition “ x >y ” holds, then which of the foHowing conditions must be
true before the execution of S ?

(@ y<0 (®)x>0 ()x+y20 (dx=y

(4%) Suppose f is an increasing function satisfying the divide-and-conquer relation f(n) =3
f(n/2) + 2n and the initial condition f(1) = 0. What is the asymptotic order of f(n) ?

@6m) - (b)ewlgn () Om"™’)  (d)Om)

(10 %) Suppose that a full 4-ary tree has 27 internal vertices.
(a) How many leaves does it have ? [4%]
(b) What is the smallest height it could possibly have ? [4%]
(c) What is the largest height it could possibly have ? [2%)] '
Note: Single-vertex tree is defined to have height O.

]
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8. (6%) Solve the recurrence relation a, =
13.

4 a5.1 + 3 ay.> with the initial conditions ag =3 and a, =

G B B B

9. (10%) We call a positive integer perfect if it equals the sum of all its positive devisors other than i
itself.

(a) Find a perfect number in the range (20,30). [3%]

(b) Show that if 2P -1 is prime, then 2P"* (2P -1) is perfect. [7%]

10. (10%) Let A be an infinite set and N the set of all non-negatiye integers. Show that if there is an
onto mapping from N to A, then there must exist a 1-1 and onto mapping (bijection) from A to

B %&%m%%/\wo/)
()13 A \‘i‘. “c;‘ii\\l find e adberminebs of the Fllowing mabrices

G e S

Wi e e, b
R: 1\1 3:\ 3‘)-3 and C= “\*’bﬁ S Atb,~Co 3 Thy N3
| G oo 3 A, A<, P&
Uo) 1. F“\c\ 6\\\ W\\v\QS 0'1( QA “(;Y Wk\‘c\\ "%l\-g ‘RS\\HTMﬁ \{mo\y sy;tgm‘\\a\g (A) no go\v{t\‘“n }
(B) I\ \mtziv\-a SQ\V\JCKQV\ , And (<) tvn(\‘m{\ejy vwm), So\v\fims .

Lty - o2 =2
x tWH+ o2, =03

4 ) HRHZ=E O

H) 3. \‘md d\t CoSinw 0§€\Q 0‘“‘6‘* L&W“‘“ Qad\ paiy Qf Vectors W and V..
@WW=(23), ¥=03 %0, (Max(xo) v=Q2-D.

@ w={9,4,2,3), V=(0,-,2,0

(Q )4 \V“\Q\\ {t}\ﬂ {nnﬁwmz AY< \\V\ﬁo\‘t '6‘(4“4\“ malions . O/ov\ ﬁ\v\§t \exy (y QY‘QYP’O\\V\ 70\;\\' ANSWeN
@ Ly, 2) =Y, X, 22)

) Lur \:?9 3).2.} |
) L,y =Y, 2y
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A. Show all details for non-trivial questions to receive partial credit, in case your answer is wrong. ‘iik

B. You do not have to write everything in English. ) z X

N

Ik

1. (20%, 1% for each problem ) True, False, or select a number. . , 2

() | (a) The key to measuring the efficiency of an algorithm is to find out how long it takes to ) g

run on a specific machine. -

(b) The largest integer can be represented by 8 bits using unsigned integer is 256.

(d) NOT [(x<y) OR NOT (x<z)] (assume that x=1,y=2,z=3)
(f) RAM is divided into cells of different size, in general.

(h) The sizes of MAR and the size of MDR are the same, in general.
(1) The data store on a disk or on a tape both needs an address mechanism

AN N AN AN N AN SN N

retrieval.

tasks?.
translation, (2) memory management, (3) file system management, (4)
(5) all of the above functions.

(1) One can fetch or store part of a memory cell.

(n) Memory fetch and store both will destroy the content in the memory.

N A S~
e

memory for execution..
(p) FORTRAN does not have iteration mechanism.

(r) WAN generally uses Ethernet protocol.

AN SN N N~
e N’ N e’ e

(c) The binary search algorithm is a good algorithm for searching an unordered list.
(e) All the logic circuits can be realized using only AND, OR, and NOT gates.

(g) Access to the beginning of a RAM takes less time than access to the end of a RAM.

for data

( ) {() Which of the following tasks the computers will have bciter performance than human:
(1) computation, (2) recognition, (3) reasoning, (4) learning, (5) none of the above

()| (k) Which of the following functions is handled by operating system? 1) lariguage

scheduling,

(m)Direct access to an I/O device is much faster than random access to a memory locanon.

(0) The task of the linker is to read instructions from the object file and store them into

(q) Binding is the process of associating a symbolic name with a memory address.

(s) Compare to T1, modem is a high speed device used in computer network connections.

(t) Neural networks can be used to simulate the connectionist architecture of the human
brain. ' |
th # W OB M OE % %
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(10%)

Write (in the table provided) the worst-case and the average-case time complexity of the
following algorithms on n input elements. (For Radix sort, each element has at most
d-digits.) ]

Worst-case time complexity Average-case time complexity
(a) Sequential search ’

(b) Binary search

SR W B |

-~
~
=~

(c) Merge sort

(d) Quicksort

(e) Radix sort

(10%)

(a) (6%) The concept of divide and conquer can be used in designing algorlthms Explam
the three phases of the divide and conquer process.
(b) The recurrence equation, as described below, can be used to analyze the complexity of
divide and conquer method.
T(n)y=aT(n/b)+ f(n)
Explain the following:
(1) (2%) the role of the function f(n), and
(2) (2%) the restriction on b, and, why we need such a restriction.

(10%)

The algorithm for insertion sort is given below

1 forj <2 to length[A]

2 do key<A[j]

3 *Insert A[j] into the sorted sequence A[l..j -1]
4 i&j-1

5 while >0 and A[il>key
6 do A[i +1] «A[{]

7 [ei-1

8 Ali +1] «key

The running time of the above algoritpm can be described by the following equation:
T(m)=cp+cy(n=D+c,(n=1)+¢; ) t,4+¢ ) (£, ~ 1)+, D (1, ~ 1)+ ¢y(n~1) where n is
the input size, c; is the steps required'Tor the "™ statement, 4nd tj is the number of times the
while loop test in line 5 is executed for that value of . |

Using this equation, expiain

(a) (3%) the best-case,

(b) (4%) the worst-case, and

(c) (3%) the average-case running time of the insertion sort.
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5. (a) (2%) What shall an OS do in order to initiate the execution of a program? | 4
(4%) | (b) (2%) Which program of the OS will do this process, in general? 1 X
Ex
6. (3% each) Explain the following four terms that are used in compiler or programming i [2,
(12%) | language design: (1) BNF, (2) grammar, (3) language, and (4) semantic record. %
7. If a RAM is using a 24-bit address mechanism, answer the following: |
(6%) |(a) (2%) What is the maximal possible memory size of it? (using the unit K, M or G)
(b) (2%) What are the input and output size of the memory address decoder if it is a
one-dimensional memory? |
(c) (2%) What are the input and output size of the memory address decoder if itisa
two-dimensional memory?
8. The XOR (exclusive OR) takes 2 binary inputs (X and Y) and produces 1 binary output
(10%) | (O). The output goes ON only when the two inputs are different. -
(a) (4%) Construct the truth table of a XOR.
(b) (3%) Write the Boolean expression for its output O.
(c) (3%) Draw a simple circuit for this Boolean expression using only AND, OR, and NOT
gates.
9. The single-precision floating point number is represented in the following format:
(8%) bit | 8 bits 23 bits
s exp ‘ mantissa _
The 8-bit exponent is represented using excess 127 mechanism so that the bit pattern
represents:
(-1)* x 2°*"'*" x O.mantissa, (i.e. 0.mantissa < 1)
Using this representation, convert the following binary number to decimal number:
110000001 11010000000000000000000L
(a) (5%) Using exactly the above definition. |
(b) (3%) Using a similar format such that the exponent part has 9 bits (w1th excess 255
mechanism) and mantissa part has 22 bits. ‘
1 # | B M OHF # R
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10.
(10%)

Answer only one of the following three subproblems (only one from (a), (b), or (c))

(a) (1) (4%) What is “deadlock”?

;%WE'—\‘?W

(2) (6%) Give a deadlock recovery algorithm (in communication) and a deadlock
prevention algorithm (in resource sharing). (3% each)

or

(b) (1) (2%) What is the function of the routing table used in computer networks
(2) (3%) Explain how does the Ethernet protocol work?

(3) (3%) What will you do in case of a collision in implementing the Ethernet protbcol?
___(4) (2%) Explain the differences between packet-switching and circuit-switching
or

) (1) (4%) What is the Turing test?

(2) (3%) The information retrieved on the internet usually contams 1rrelevant answers,
- suggests some mechanism that could improve this situation.

(3) (3%) Best-first search is widely used in various apphcatxons, describes bneﬂy how :
the idea of best-first search can be applied to game playing.

w #*
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