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1. (10%) Suppose a machine stores numbers in two’s complement notation.

(a) (5%) What are the largest and the smallest numbers that can be stored if
the machine uses bit patterns of length seven?

(b) (5%) In the following problem, each bit pattern represents a value stored
in two’s complement notation. Find the answer and convert it back to
base ten notation.

1110010
+ 0010000

2. (10%) When given the error-correcting code with bit patterns of length five as
shown below:

Symbol Code
A 00000
B 00111
C 11110
D 11001

(@) (5%) Up to how many errors per pattern can we detect? Up to how many
errors per pattern can we correct?

(b) (5%) Use the code to decode the following message:
10000 01110 00110 11011

3. (10%)

(@) (5%) A right circular shift of 2 bits on a string of 8 bits is equivalent fo a
left circular shift of how many bits?

(b) (5%) What is the result of performing a 2-bit right circular shift on the bit
pattern CF (represented in hexadecimal notation)? Give your answer in
hexadecimal form. '
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4. (10%) Kernel is the most important component in an operating system.

(a) (6%) Name four major software components in an OS kernel and briefly
explain their functions.

(b) (4%) Give two examples that kernel needs to take control from user
programs. In modern computer systems, what kind of mechanism is used
to force user programs returning the control to the kernel?

5. (10%) Layer approach is commonly used in computer network software

(a) (6%) Name four layers of Internet software, and brleﬂy explain their
functions.

(b) (4%) Protocols in different layers may perform similar tasks. For
example, both CSMA/CD and TCP have the resend function. Explain
their differences in terms of (1) why do they need to resend messages?
And (2) how do they detect the situations to resend messages?

~ 6. (10%) For a binary tree,

(a) (6%) Describe the methods to store and traverse a binary tree using (1)
array, and (2) structure with pointers.

(b) (4%) If a binary tree has L levels (the root is at level 1 and so on) and N
nodes, the data in each tree node takes A bytes to store, and a pointer
takes B bytes to store. Provide an analysis on under which circumstances
that storing a binary tree in an array uses less memory than storing it in a
structure with pointers. :

\7. (10%) f(n) = ®( g(n)) if and only if there exist positive constants ¢, ¢,, and ng
such that c;g(n) < f(n) < c,g(n) for all n>n,. Prove or disprove the:
following statements are correct. (To get the score, you need to prove your
answer. No score if you only answer true or false).

(& (5%)5n%— 6n = ©(n?).

(b) (5%) n*logn = ©(n?).
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8. (10%) Please modify the following program segment to calculate the factorial
of a positive number N without using recursion.

int fact (int N){
if (N==1)
return 1;
return N*fact(N-1);

9. (10%) Please rewrite the following program segment using a while loop instead
of a for loop.

for (i = 0; i<100; i++) {
if i % 2 ==0){
print (i)

}

10. (10%) Please design a Turing machine for decrementihg a value (integer)
greater than zero.




