
CS 312 – 001
Computer Organization & Architecture
Final Exam
Fall, 2015
8:00-9:40 A.M.

December 17, 2015
This exam is a closed textbook and closed note exam.  There are 8 big 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”?  Which format do processors understand?
(2)
What is the difference between “li $a0, 1024” and “la $a0, 1024” instructions?  Assume that this computer system is a 32-bit system (i.e., all the registers are 32-bit registers and its ALU can deal with up to 32-bit inputs and outputs).

(3) What are the five different types of the numbers IEEE-754 floating-point numbers that can not be accurately represented by a processor?
(4)
What is the condition for a mathematical operation (such as +, -, and () on two’s complement integers to cause an error (the result of the operation becomes an error)?

(5)
How many other negative numbers in IEEE-754 floating point number(s) have the same interval between the tiniest negative and the second tiniest negative numbers?  Justify your solution.
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QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) What does “ID” stage in a processor datapath do (note: “it decodes each instruction” is not enough.  Please describe what will be performed (at least two))?

(2)
What are “super-scalar datapath processors”?

(3) 
What are the two tasks “jal” instruction performs?
(4)
What are “static optimizations (i.e., “static instruction scheduling”)”?
(5)
RISC processors usually has a higher processor clock cycle rate, compared to their CISC counterpart, but they may perform worse (execute programs slowly).  Why is that possible?  Mention two major reasons.
QUESTION #3 (15 minutes) – 20 points (4 points for each)
(1) What is “internal memory fragmentation”?
(2) If our computer systems do not have “interrupt”, what problems we will have (mention at least two)? 

(3) Complete the following table by specifying either ( (YES) or ( (NO). “YES” means a given memory architecture will improve the access time (means “faster”) and “NO” means it will not improve the access time (means “no benefit”), compared to ordinary memory access method.

	
	Pipeline Accesses
	Memory-Interleaving

	Array data structures
	
	

	Linked-list
	
	


(4)
What is “programmed I/O”?

(5)
What are the four hardware architecture for “parallel computers”?
QUESTION #4 (15 minutes) – 20 points (4 points for each)
(1) 
What are “tightly coupled systems”?

(2)
What is the typical “granularity” for processor assignments in medium-grained tightly-coupled multi-processor systems?

(3) 
Which Flynn’s parallel model does Intel core 5 multi-core processor belong to?

(4)
What is the primary weakness in UMA architecture?
(5)
Hyper-threading is a technique to improve the processor utilization of tightly-coupled dual-processor computers.  Is this true or false?
QUESTION #5 (10 minutes) – 20 points

Assume that we have a CPU with a pipeline data path that has k (k >> 8) pipeline stages.  The size of the branch slot in this CPU is eight cycles.  Now we are applying delayed-branch to assembly programs to be executed by this CPU.  For the programs executed by this CPU, branches are taken for 52% of their executions.  It was also found that in 66% of time, delayed-branch can be applied because there is no data dependencies in any of the instructions in the blanch slot (also no dependency with a conditional branch instruction).
Question: in order for the slow-down due to conditional branch instructions to be less than 12% (after delayed-branch is used), what should be the frequency of branch instructions in your programs (i.e., how much of the assembly instructions are conditional branch instructions)?

Show all your work (if you are running out of time, you can present a formula or equation, that will provide a solution for this question).
QUESTION #6 (10 minutes) – 20 points
How large the VMT will be for 512GB virtual memory with a page size is 4K (= 4,096) bytes.  4GB is installed for the physical memory.  The VMT uses valid and dirty flags.
Show all your work.
QUESTION #7 (10 minutes) – 20 points
The following is a C/C++ source code file someone wrote for his homework.  Regarding the program”

Question (1): What you will see when you compile and run the following program? (5 points)
Question (2): Technically how it is caused (“technically” means “in the hardware level”). (15 points)
Hint: The source code file is successfully compiled (Fujinoki tested it) – no syntax error, no compile-time error.


QUESTION #8 (10 minutes) – 20 points
Sorting is one of the categories many computer scientists have been working to optimize algorithm complexity.  Quick sort is one of the fastest, therefore, the most popular, sorting algorithms used by many application programs today. Quick sort works in the following way:

Assumptions:

(a) There is an array of N elements

(b) Each element in the array is an integer

Quick Sort Algorithm:
Step (: Pick up the first (the left end) element in the array (it’s “3” in the example below) and call it “pivot”

Step (: Prepare two new empty arrays

Step (: Scan each element in the array with N elements and move each element that is smaller than the pivot (i.e., “3”) to the first empty array (the left one) and move each element that is larger than or equal to the pivot to the second empty array (the right one).

Step (: Repeat ( and ( so that each array has only one entry (or all elements in an array are the same).

Step (: Concatenate all arrays from the left to the right, to make one array of N elements.
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Algorithm Complexity of Quick Sort Algorithm using SISD:

For each round, a SISD processor performs comparisons (N-1) times. In the worst case, the first element can be the smallest number, resulting in (N-1) rounds.  Thus, the complexity for the worst case will be O((N-1)2) = O(N2).

Questions: If we used a SIMD computer with as many processing units as you would need, is it possible to improve the algorithm complexity of quick sort?  If, yes, explain how.  If not, explain why not.

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))
______________________________________________________________________________________________
CS312-001 Computer Organization & Architecture, Final Exam, Fall 2015, December 17, 2015
/* ******************************************************************* *


 * somweone_homework.cpp:                                           *


 *                                                                    *


 * ******************************************************************* */





#include <stdio.h>





int do_something(int);





void main (void)


{


   unsigned int my_int  = 1;


   unsigned int counter = 0;





   while (my_int > 0)


   {


       my_int = do_something(counter);





       printf ("I am here ......\n");


   }





   printf("I am done ...\n");


}





int do_something(int temp_counter)


{


    temp_counter = temp_counter + 1;





    if (temp_counter == 1000)


    { temp_counter = -1; }





    return (temp_counter);


}
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