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(20%) 1. Give asymptotic upper and lower bounds for T(n) in each of the following ;:
recurrences. Assume that () is constant for n < 2. Make your bounds as !

tight as possible, and justify your answers. 48!

(a) T(n) =16T(n/4) + n*.
(b) T(n) =7T(n/2) + n’.
(c) T(n) =2T(n/4) +n.
(d) T(m) =T(n)+1.

(10%) 2. Suppose we use a hash function 4 to hash n distinct keys into an array T of
length m. Assuming simple uniform hashing, what is the expected number of
collisions? More precisely, what is the expected cardinality of
{{k, 1}:k =1and h(k) = h(1)} ?

(10%) 3. Consider a system running ten /O-bound tasks and one CPU-bound task.
Assume that the I/O-bound tasks issue an I/O operation once for every
millisecond of CPU computing and that each I/O operation takes 10
milliseconds to complete. Also assume that the context switching overhead is
0.1 millisecond and that all processes are long-running tasks. What is the CPU
utilization for a round-robin scheduler when:

(a) The time quantum is 1 millisecond
(b) The time quantum is 10 milliseconds

(10%) 4. Assume we have a demand-paged memory. The page table is held in
registers. It takes 8 milliseconds to service a page fault if an empty page is
available or.the replaced page is not modified, and 20 milliseconds if the
replaced page is modified. Memory access time is 100 nanoseconds. Assume
that the page to be replaced is modified 70 percent of the time. What is the

maximum acceptable page-fault rate for an effective access time of no more
than 200 nanoseconds?
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[Termmology] What do the following abbreviations stand for? Give your answer &%

in English to get full credits (e.g., ROM: Read Only Memory). (10%) i

(1) LAN g

(2) XML 2

(3) MP3 &

(4) DRAM E 7

(5) RAID 48

2. [Recursion] Given two positive integers, the GCD is the largest integer that
divides them both. GCD(m, n) can be calculated as follows:
® GCD(m, n) is n, if n is less than or equal to m and n divides m.
® GCD(m, n) is GCD(n, m), if m is less than n.
® GCD(m, n) is GCD(n, m%n), otherwise. (%: MOD)
(1) Use the above definition to compute GCD(8,60). (4%)
(2) Using pseudo-code or any high-level computer programming language of
your choice to write a recursive function to compute the GCD of two positive
integers. (6%)

3. [Adder] A half-adder takes two input bits A and B to produce sum (S) and carry
(Cour) outputs.
(1) Use basic logic gates to construct the circuits for a half adder. (6%)
- (2) Use exactly two half-adders and one OR gate to construct a full adder. (4%)

4. [Turing]
. (1) Write a Turing machine that takes a binary string as input, which we will
think of in sign-magnitude notation, and changes the sign of the number.

(6%)
(2) Methods to prevent spam messages or automatic registration such as those
shown below are sometimes referred to as the ‘Reverse Turing Test.” Can you
explain why? (4%)
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. |High-level Language Programming}
(1) Tlustrate the overall sequence of operations on a high-level language
program using a diagram. [Hint: from source code to execution results.](6%)
(2) List the four phases of the compilation process. (4%)
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