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1. (10%) Design an algorithm of running time O(n) for the following task.
input: agp, 4y, Ay, v, Ay, and x
Output: the value of ag + a;x + ax? + + + a,x"
Note:
A. Each addition takes constant time.
B. Each multiplication takes constant time.

D.  (10%) Consider the following function . How many lines, as a function of n (in ©(n) form), does f(n)
print? Write a recurrence and solve it. You may assume n is a power of 2.

void f(int n){

if (n > 1){
printf("still going\n");
f(n / 2);
F(n / 2) §

}

3. (10%) Design an algorithm of running time O(|V|?) for the following task.

Input: An undirected graph G = (V,E) in which each edge e € E isassociated with a positive edge
length l(e); an edge a € E.

Output: The length of the shortest cycle containingedge a in G.

4. Aserver has n customers waiting to be served. The service time required by each customer is known in
advance; it is t; minutes for customer i.So if, for example, the customers are served in order of increasing

i, then the ith customer has to wait Z}i-;?l t; minutes. We wish to minimize the total waiting time

n
T= z(time spent waiting by customer {).
i=1

A. (8%) Design an algorithm for computing the optimal order in which to process the customers.
B. (2%) Prove your algorithm is correct.
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(10%) Design an algorithm of running time O(nt) for the following task.
Input: Aset S of n positive integers S = {a,,a,,...,@,}; a positive integer t.
Question: Does some subset of S add up to t? (You can use each a; at most once.)
Hint: Dynamic programming,.

Recall the traveling salesman problem (TSP):
Input: A list of cities; the distances between each pair of cities; a budget b.
Output: A route of length less than or equal to b that visits each city exactly once and returns to the
ori\gin city, if such a route exists.
The optimization version of this problem asks directly for the shortest route (TSP-OPT):
Input: A list of cities; the distances between each pair of cities.
Output: The shortest possible route that visits each city exactly once and returns to the origin city.
A. (5%) Show that if TSP-OPT can be solved in polynomial time, then so.can TSP,
B. (5%) Show that if TSP can be solved in polynomial time, then so can TSP-OPT.

In this problem, you need to implement queues by linked lists.
struct ListNode{
int data;
struct ListNode* next;
}s
struct Queue{
struct ListNode* front;
struct ListNode* ‘end;
}s
struct Queue* CreateQueue(){
struct Queue* Q = (struct Queue*) malloc(sizeof(struct Queue));
if (1Q)
return NULL;
Q->front = Q->end = NULL;
return Q;

}

A. (15%) Implement a function void EnQueue(struct Queue* Q, int data) by inserting an element
data at the end of the linked list.

B. (15%) Implement a function int DeQueue(struct Queue* Q) by outputting and deleting the first
element of the linked list. You can assume that the queue is not empty.
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8. (10%) Suppose we use left-child right-sibling binary tree data structure to represent general trees with the
following tree node structure. Given the root of a tree, root, implement function
int nNode(struct TreeNode* root) that outputs the number of nodes in the tree rooted at root.
Note:
A. You CANNOT use loops or jumps in your code.
B. Since root isaroot of a tree, root->rightSibling == NULL.
struct TreeNode{
in% data; '
struct TreeNode* leftChild;
struct TreeNode* rightSibling;
b
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1. Please answer the following questions about processes and threads
management:

(a) (4%) When an interrupt or a system call transfers control to the
operating system, a kernel stack area separate from the stack of
the interrupted process is generally used. Why?

(b) (6%) In the following Figure 1, three process states are shown.
In theory, with three states, there could be six transitions, two
out of each state. However, only four transitions are shown. Are
there any circumstances in which either or both of the missing
transitions might occur? If yes, how it occurs. If no, why cannot
occur?

l

1. Process blocks for input

2. Scheduter picks anather process
3. Scheduler picks this process

4, Input becomes available

Figure 1: A process can be in running, blocked, or ready state. Transactions
between these stats are as shown.

(c) (5%) In a system with threads, is there one stack per thread or
one stack per process when user-level threads are used? What
about when kernel-level threads are used? Explain.

(d) (5%) In Figure 2, theregister set is listed as a per-thread rather
than a per-process item. Why? After all, the machine has only
one set of registers.

Per-process items Per-thread ftems
Address space Program counter
Global variables Registers

Open files Stack

Child processes State

Pending alarms

Signals and signal handlers

Accounting information

Figure 2: The first column lists some items shared by all threads in a process.
The second one lists some items private to each thread.
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2. Please answer the following questions about memory management:

(a) (5%) It has been observed that the number of instructions exe-
cuted between page faults is directly proportional to the number
of page frames allocated to a program. If the available memory is
doubled, the mean interval between page faults is also doubled.
Suppose that a normal instruction take 1 us (micro-second), but
if a page fault occurs, it takes 2 ms (mini-second) to handle the
fault. If a program takes 60 second to run, during which time it

" gets 15,000 page faults, how long would it take to run if twice as
much memory were available?

(b) (5%) Explain the difference between internal fragmentation and
external fragmentation. Which one occurs in paging systems?
Which one occurs in system using pure segmentation?

(c) (5%) A computer has 32-bit virtual address uses a two-level page
table. Virtual addresses.are split into.a 9-bit top-level page table
field, and 11-bit second-level page table field, and an offset. How
large are the pages and how many are there in the address space?

(d) (5%) Use the page table of Figure 3, give the physical address
corresponding to the virtual address of 8200.

Virtual -
address
space
BOK—84K X
56K—680K X } virtual page
52K—56K X
4BK—B2K X
441<—a8K ~
P Physical
36K—40K 5 S
32K=-38K X address
28K—32K X 28K~-32K
24K—28K X 24K—-28K
20K—24K 3 20K~24K
168K—20K 4 16K—20K
12K—16K o RN 12K—18K
8K—12K s BK=12K
4K—-8K 1 4K—8K i
OK—aK 2 ~ OK—aI<

Page frame

Figure 3: The relation between virtual addresses and physical memory ad-
dresses is given by the page table. Every page begins on a multiple of 4096

and ends 4095 addresses higher, so 4K-8K really means 4096-8191 and 8K
to 12K means 8192-12287.
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3. Please answer the following questions about file systems:

(a) (5%) Consider the i-node shown in Figure 4. If it contains 8
direct addresses of 4 bytes each and one indirect address. All

disk blocks are 1024 bytes (1 KB), what is the largest possible
file?

Flle Attributes

Address of disk block O

Address of disk block 1

Address of disk block 2
Address of disk block 3
Address of disk block 4
Address of disk block §
Address of disk block 6
Address of disk block 7
Address of block of pointers

i

Disk block

containing

additional
disk addresses

Figure 4: An example i-node.

(b) (5%) The beginning of a free-space bitmap looks like this after
the disk partition is first formatted: 1000 0000 0000 0000 (the
first block is used by the root directory). The system slways
searches for free blocks starting at the lowest-numbered block,
so after writing file A, which uses six blocks, the bitmap looks
like this: 1111 1110 0000 0000. Show the bitmap after each of
the following additional actions: (a) File B is written, using five
blocks. (b) File A is delected.

(c) (10%) One way-to_use contiguous-allocation of the disk and not
suffer from holes is to compact the disk every time a file is re-
moved. Since all files are contiguous, copying a file requires a seek
and rotational delay to read the file, followed by the transfer at
full speed. Writing the file back requires the same work. Assum-
ing a seek of 5 ms (mini-second), a rotational rate of 15,000 rpm,
a transfer rate of 4 MB/sec, and an average file size of 4 KB, how
long does it take to read a file into main memory and then write
it back to the disk at a new location? Using these numbers, how
long would it take to compact half of a 8-GB disk?
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4. Please answer the following questions about virtualization and the
cloud:

(a) (6%) Why do you think virtualization took so long to become
popular? After all, the key paper was written in 1974 and IBM
mainframes had the necessary hardware and software through the
1970s and beyond.

(b) (5%) Does it make sense to paravirtualization an operating sys-
tem if the source code is available? What if it is not? Explain.

(c) (5%) Why is virtual machine migration important? Under what
circumstances might it be useful?

(d) (5%) Migration virtual machines may be easier than migrating
processes, but migration can still be difficult. What problems can
arise when mlgratmg a virtual machine?

5. Please answer the following questions about protection and security:

(a) (10%) Suppose that a system has 1000 objects and 100 domains
at some time. 1% of the objects are accessible (some combination
of r, w and z) in all domains, 10% are accessible in two domains,
and remaining 89% are accessible in only one domain. Suppose
one unit of space is required to store an access right (some com-
bination of 7, w, z), object ID, or a domain ID. How much space
is needed to store the full protection matrix, protection matrix
as ACL, and protection matrix as capability list?

(b) (5%) Secret-key cryptography is'more efficient than public-key
cryptography, but requires the sender and receiver to agree on a
key in advance. Suppose that the sender and receiver have never
met, but there exists a trusted third party that shares a secret
key with the sender and alse.shares a (different) secret key the
receiver. How can the sender and receiver establish a new shared
secret key under these circumstances?

(c) (5%) Suppose that two strangers A and B want to communicate
with each other using secret-key cryptography, but do not share
a key. Suppose both of them trust a third party C whose public
key is well known. How can the two strangers establish a new
shared secret key under these circumstances?
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top. The objective of the puzzle is to move the entire stack to another tower, obeying the following simple rules:
® Only one disk can be moved at a time.

disk can only be moved if it is the uppermost disk on a stack.
® No disk may be placed on top of a smaller disk.

TOWER 2 TOWER 3

relation form (boundary condition also needed)?
(b). (5%)What is the numeric function (or the solution of the recurrence relation) in big-O notation?

£m]?

positive integer that is a divisor of both numbers.
(a). (5%)Suppose that x and y are integers, that x = 3" mod 143 and y = 209" mod 53. Please compute
X,y and gedx, y).

by recursive function.

o~
(2]
Nt

worst case, gedFibonacci(n), Fibonacci(n-1))]

exactly three vertices.

1. (15%) The Tower of Hanoi consists of three towers, and a number of disks of different sizes which can slide onto
any tower. The puzzle starts with the disks in a neat stack in ascending order of size on one tower, the smallest at the

©  Each move consists of takin 1g the upper disk from one of the stacks and placing it on top of another stack i.e. 4

(@). (5%)An) denotes the minimum number of moves needed for z disks for three towers. What is £n) in recurrenc

(©). (O%)If there are four towers instead of three towers (the Reve’s puzzle), () denotes the minimum number of]
moves needed for z disks for four towers. What is &(#) in recurrence relation form [HINT: o(z) should contain

2. (15%) The greatest common divisor (ged) of two or more integers, When at least one of them is not zero, is the largest

(b). (5%)You can use the Euclidean algorithmto compute ged. Please write the pseudo-code of the Euclidean algorithm

. (5%)What is the worst-case complexity of your code? [HINT: The pair of Fibonacci numbers will result in the

3. (15%)A chordal graph is one in which all cycles of four or more vertices have a cherd, which is an edge that is nof
part of the cycle but connects two vertices of the cycle. Equivalently, every induced cycle in the graph should have]

. | mEmmEEE R
# : — S WRAEFRE AL -




Basosk® 106 BEE EEM 124 KRR

BLAE A3 H
£ R A aptiaug RO B R AAHE A R 2A198(8) =8

(@). (5%) We represent the following three graphs, 7 77 and 77z, by their adjacency matrix forms. Which graph is not 4
chordal graph? How do you make them as chordal graph by adding edges into their corresponding adjacencyl

matrices?
01 0 0 1 0 0 1 1 1 1 1 0 1 0 0 1 o0
1 0 1 0 0 1 1 0 1 1 1 1 1 0 1 0 1 0
3 01 01 0 O % 11 0 1 1 1 m 0 1 0 0 0 1
10 01 0 1 O 11 1 0 1 1 10 0 0 0 1 1
10 01 0 1 11 1 1 0 1 11 0 1 0 0
0 1.0 0 1 O 11 1 1 1 0 0 01 1 0 O

(b). (5%) The square of an undirected graph G, 6?2, is another graph that has the same set of vertices, but in which
two vertices are adjacent when their distance in G'1s at most 2. 1.e.,

Given the adjacency matrix.of G, A, what would be the adjacency matrix of G2? Why‘? [HINT: you can
consider A as a relation matrix.}

(©). (5%) Please prove the square of &eeis a chordal eraph, wherea tree is an undirected graph in which any two vertices
are connected by exactly one path. In other words, any acyclic connected graph is a tree.

4. (15%)A phrase structure grammar consists of four items:
i; A set of terminals 7.

1. A set of nonterminals N.
iii. A set of productions P,
1v. Among all the nonterminals in A, there is a special nonterminal that is referred to as the starting symbol.

(2). (5%)What is the phrase structure grammar for the language 27
L = {apple'pent|i,j = 1,i > j}, where /and jare integers
(b). (8% £+7= 10, what is number of strings generated by L? [HINT: generating function]
(©). (5%)Please prove L is type-2 grammar. In other words, it cannot be specified by type-3 grammar. [HINT: Type-
3 language is and only if is a finite state language].
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5. (10%) Find Proj,u, the projection of u along v where u=(3,-1,-2,4) and v=(1,1,3,6).

6. (10%) Consider the basis u; = (1,0,1),u, = (0,1,1), and uz = (1,0,0) for R3. Form an orthonormal
basis vy, v,, V3.

7. (10%)Let the linear transformation T:R3 — R* be given by
T{(x,y,2)] = (x — 2y + z,3x — 5y + 52,5x — 9y + 7z,0)

Find rank (7) and N(T).
1 0 0 0 ]
o 6 0o o
8 (10%)Let A= 0 0 —1 i

3
¢ 0.3 -1
(). (4%) Find the eigenvectors of A.

(b). (6%) Find the orthogonal matrix C that diagonalizes A.
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