CS 312 – 002
Computer Organization & Architecture
Final Exam
Spring, 2015
12:00-1:40 P.M.

May 5, 2014
This exam is a closed textbook and closed note exam.  There are 8 large questions in this exam.  You have 100 minutes to finish the questions.  Please write your answers on separated pieces of paper.  To avoid grading problems, please staple your solutions in the ascending order in the question number.  All the questions in this exam are mandatory (no optional question).
Student ID (the last three digits): ___________________
QUESTION #1 (15 minutes) – 20 points (4 points for each)
(1) What are the three different types of “program files”?
(2)
What is the essential difference between “li $a0, 485” and “la $a0, 485” instructions (this question does NOT ask what “li instruction” is or what “la instruction” is)?  
(3)
What does “efficient” in “efficient computer programs” mean?  Mention at least two.

(4)
There is an error in the following if-else structure implemented in MIPS R3000 assembly language.  (a) What is the error (describe the problem).  (b) How can we fix the problem?
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.globl main

main:

   

   

if_equal:

beq $t0, $t1, if_equal

instruction A

instruction B

   

   

   

   

end_if_else:

instruction C

jr $31

   

   


(5)
What is the software tool that translates “(human) programmers’ source code files” into “assembly source code files”?

QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) Show the binary bit patterns for the tiniest negative number in IEEE-754 floating point numbers.
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(2) What are the major disadvantages in dynamic (instruction execution) optimizations (i.e., “dynamic instruction scheduling”)?

(3)
Why is “stack” needed for recursive sub-routine calls (mention two reasons)?
(4) What are the major weaknesses in “delayed branch”?

(5) Mention expected negative impacts of deepening a pipeline datapath to performance (i.e., the execution speed) Mention two most serious impacts.
QUESTION #3 (10 minutes) – 15 points
(1) What are the two advantages in “virtual memory”?

(2) How does “TLB” improve performance (explain how TLB improves performance)?
(3) What is the primary advantage and disadvantage of “polling” (compared to “interrupt”)?
(4) What is the primary advantage and the primary disadvantage if we increase the page size for the virtual memory larger?

(5) If a fine-grained tightly-couple multi-processor system consists of two or four processors (or processor cores), its performance usually will not achieve two or four times better performance (execution speed) compared to its single-processor counterpart.  What is the major cause of the problem?
QUESTION #4 (10 minutes) – 10 points
How large the VMT will be for 64GB virtual memory with a page size is 512 bytes.  1GB is the size of the physical memory.  The VMT also contains dirty flags.  Show all your work.
Assume: 1KB = 210 B, 1MB = 220 B, and 1GB = 230 B (‘B’ means “byte”).

QUESTION #5 (10 minutes) – 15 points
Suppose that you wrote the following program in C/C++;


Assuming that the computer that runs this program is a 16-bit architecture computer (i.e., the registers in the processors are all 16 bits), what number will you see when you print the value of “my_int_01” in the program?  Show all your work to find the number (i.e., please explain how you got the number).  Note that “%d” in the printf statement means “print it as a decimal number”.
QUESTION #6 (10 minutes) – 10 points
Suppose we have the following loop structures:


With the following 2-bit predictor, what is the prediction accuracy for the inner-most “bne” conditional branch instruction (“bne $s2, $zero, LOOP3”), if a processor finishes executing the nested loop (all the instructions in the above)?  Show your work (showing a final solution without showing how you got it will not give you much credit).
For this question, it is expected that each of you show the final accuracy in percentage up to the two digits below the decimal point.
[image: image3.emf]START

T T

N

N

N

N

T

T

T

T

N

N


QUESTION #7 (15 minutes) – 15 points
Sorting is one of the issues many computer scientists have been working to optimize algorithm complexity.  Merge sort is one of the fastest, therefore, the most popular, sorting algorithms used by many application programs today.  Merge sort performs sorts using the following steps:

Step (: Chop an array of N elements to N arrays, each of which has one element

Step (: Merge two arrays of one element to one array of two elements in such a way that whichever smaller is put in the first (left) element in the array of two elements.

Step (: Repeat ( by merging two arrays, each of which consist of two elements to one element that consists of four elements.

Step (: Recursively repeat Step ( until all the smaller arrays (called “sublists” in the pseudo-code below) are merged to one array of N elements.
When all the smaller arrays are merged to one array of N elements, the N elements must be sorted (the smallest element will be stored on the left hand side of the array, followed by the second smallest, and so on).

Assumptions:

(a) There is an array (“m” in the following pseudo-code) of N elements

(b) Each element in the array is an integer


Questions (show all your work to make it clear how you reached your conclusions):
(1) What is the “Big-O” algorithm complexity of Merge Sort using a SISD architecture computer?
(2) What is the “Big-O” algorithm complexity of Merge Sort achievable using a SIMD architecture computer?

Assume the followings:

· You always have infinite capacity of memory (for both SISD and SIMD architecture computers)

· You always have an infinitely large number of processing units in a SIMD architecture computer

· All processing units in a SIMD architecture computer can read from a memory address physically at the same time

· Preparing whatever size of an array requires a constant time (i.e., O(1))

QUESTION #8 (10 minutes) – 15 points
We got a computer system that comes with a redundant disk drives against a high risk of losing data due to hard drive failures as shown in the figure below.  The redundant disk system is built using seven drive units, in which the three units (A1, A2, and A3) contains the same data.  The other four units (B1, B2, C1, and C2) contain the same data.

The “A drive units” are all identical drive unit type and each of the three units has MTTF of 1,000,000 hours.  For the “B drive units”, the two units are identical type and each of them has MTTF of 1,200,000 hours.  For the “C drive units”, the two units are identical type and each of them has MTTF of 1,500,000 hours.

What is the probability of this system to be functional (available) in a year?

You do not have to finish your calculation.  Just develop (and show) a formula with all the parameters correctly set up in the formula.
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CS312-002 Computer Organization & Architecture, Final Exam, Spring 2015, May 5, 2015
int  my_int_01;


unsigned int my_int_02;





void main (void)


{





my_int_02 = 59879;





my_int_01 = my_int_02;





printf(“my integer: %d\n”, my_int_01);


}





	li  $s0, 20  


LOOP1:


	li  $s1, 50


LOOP2:


        li  $s2, 100


LOOP3:


    	  (   (   (


	  (   (   (


	  (   (   (


        sub $s2, $s2, 1


	bne $s2, $zero, LOOP3


	  (   (   (


	sub $s1, $s1, 1


	bne $s1, $zero, LOOP2


    	  (   (   (


	sub $s0, $s0, 1


	bne $s0, $zero, LOOP1





function merge_sort(list m)


    // Base case. A list of zero or one elements is sorted, by definition.


    if length(m) <= 1


        return m





    // Recursive case. First, *divide* the list into equal-sized sublists.


    var list left, right


    var integer middle = length(m) / 2


    for each x in m before middle


         add x to left


    for each x in m after or equal middle


         add x to right





    // Recursively sort both sublists.


    left = merge_sort(left)


    right = merge_sort(right)


    // *Conquer*: merge the now-sorted sublists.


    return merge(left, right)
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