CS 312 Computer Organization & Architecture
Final Exam
Fall, 2014
12:00-1:40 P.M.

December 8, 2014
This exam is a closed textbook and closed note exam.  There are 8 questions in this exam.  You have 100 minutes to finish the questions.  Write your answers on separated pieces of papers.  To avoid grading problems.  Staple your solutions in the ascending order in the question number.  All the questions in this exam are mandatory (no optional question).

Notice 1: Please carefully read each question and follow the requirement(s) in each question.  Failing to follow the requirement(s) will cause minor or major penalty.  If you answered something not asked by a question, you will not get much credit.
Notice 2: It is your responsibility to present your solutions in such a way that Dr. Fujinoki can read your writing.  Also it is assumed that whatever important idea(s) in your solutions is clearly presented or even emphasized.
Student ID (the last four digits): ___________________
QUESTION #1 (15 minutes) – 20 points (4 points for each)
(1)
What are the three different types of “program files”?
(2)
When a calculation (either the result of a mathematic operations, +, -, (, etc.) either exceeds the maximum number or goes under the minimum number in two’s complement arithmetic, how can the processor indicate that such an error has occurred?
(3)
What are the two major problems in “sign magnitude integers”?
(4)
“li $t0, (1024)” is an illegal instruction (if you try to assemble that instruction using PC-Spim simulator, that instruction will cause a syntax error).  What’s wrong?

(5)
There is a logic 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?  Assume that there is nothing wrong in the portion of the program that is not shown in the figure.
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QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) What are the five different types of the numbers IEEE-754 floating-point numbers that can not be accurately represented by a processor (name the five types)?
(2)
Show the formula to calculate the execution time using, IC (instruction count), R (clock cycle rate), and one more parameter.

(3) Briefly explain why $ra register should be saved to the stack area in recursive modules, but not for (non-recursive) subroutine calls (and assume that each subroutine will not call any other subroutine).
(4) Briefly explain why “memory interleaving” will not be effective for linked-lists.

(5)
Which of the following Venn diagrams ((a) through (e)) best represents the (functional) relationship between memory pipe-lining and memory interleaving (select the best)?
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QUESTION #3 (15 minutes) – 20 points

(1) What are the two primary disadvantages in using (hardware) interrupt for handling I/O events?
(2) There is no real computer system that belongs to MISD model.  Why not?
(3)
In the classroom, we discussed that serial buses are more popularly used for hooking up high-speed I/O devices than parallel buses. Why?
(4)
Why didn’t Intel engineers make “hyper-programs (= “hyper-processes”)” instead of “hyper-threads”?  Make sure to explain why it worked for “threads” but not for “programs (processes)”.
(5)
How is “disk defragmentation” performed?

QUESTION #4 (15 minutes) – 15 points
Assume a computer memory system that uses a combination of segmentation and virtual memory.  Also assume that the page size is 2KB (= 2048 bytes).  For the following memory address the CPU generates, find the physical address.  If the specified address is not in the memory, clearly mention what the memory access request will cause.  Each memory access request issued by the CPU consists of six decimal digits, of which the first two digits represent the segment number.  On a page fault, the page will be loaded in the physical page specified in the virtual memory table.  Show all your work.

Use the two tables attached at the end of this exam (in APPENDIX section).  Assume “1” = TRUE and “0” = FALSE.

Example: “033010” ( The offset address is 3,010 bytes from the beginning of the third segment (segment 03, which is segment #3).

Question: 051256
QUESTION #5 (15 minutes) – 15 points

Assume that we have a CPU with a k-stage pipeline datapath (k > 10).  The size of the branch slot in this CPU is ten cycles.  We are applying delayed-branch to the programs to be executed by this CPU.  For the programs executed by this CPU, branches are taken by the chance of 64%.  This processor assumes any conditional branch will not be taken.  It was also found that for the probability of 35%, delayed-branch could not be applied because of data dependencies.  Let’s assume that use of the delayed branch is all or nothing.  I mean, if there is a dependency in any of the ten instructions, any of the ten instructions can not be delayed (this is for simplifying your work).  Assume that there is no pipeline hazard except the control hazards.  Also assume that there is no unconditional jump instruction, but only conditional branch instructions exist.

Question: In order for the slow-down due to conditional branch instructions to be less than 25.0% (after delayed-branch is used), how often branch instructions can appear in your programs (i.e., how many of the assembly instructions in a program can be conditional branch instructions as a percentage)?  Assume that the number of instructions to be executed is infinity (IC = ().  If it is impossible to achieve the goal, clearly explain why.  Show all your work.

QUESTION #6 (10 minutes) – 10 points
Suppose we have the following loop structure:
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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

   

   


With the following 2-bit predictor, what is the prediction accuracy for the inner “bne” conditional branch instruction (“bne $s1, $zero, LOOP2”), if a processor finishes executing the nested loop (all the instructions in the above)?  Show your work.
[image: image3.emf]START

N

N

T

T

N

N

N

N

T

T

T

T


QUESTION #7 (15 minutes) – 15 points
Suppose that there is a data structure which consists of N2 elements.  At the beginning, each element in the data structure is initialized by a constant “x” (Figure 1).  If we need to update the contents of the data structure as shown in the figure below (Figure 2) using a SIMD computer, answer the following questions:

[image: image4.emf]x x · · · x x

x · · · · · · · · · x

· · · · · · · · · · · · · · ·

x · · · · · · · · · x

x x · · · x x


Figure 1
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Figure 2

(a) What is the best achievable algorithm complexity?

(b) How many processors are necessary to achieve the best algorithm complexity?

(c) Describe how you got the solutions for the above two question.
QUESTION #8 (15 minutes) – 15 points
Suppose that there is a computer system that uses a complex mirror hard drive system.  In the computer system, the hard drive controller manages two sub controllers, each of which manages their own mirror drives.  The hard drives managed by a sub controller are all identical.  For example, A1, A2 and A3 are all the same hard drives and the three hard drives hold the same information (the same is assumed for sub controller B and its three hard drives).  However, the information managed by A and B is different.  If each of the mirror drive unit owned by A has MTTF = 1,000,000 hours and if each of the mirror drive unit owned by B has MTTF = 1,200,000 hours, what is the probability of this mirrored-disk system to be functional (available) in one year?

Show all your work (but you do not have to finish calculation, as long as you show a correct formula with its all parameters correctly set up).
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APPENDIX:
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The following is the


______________________________________________________________________________________________
CS312-002 Computer Organization & Architecture, Final Exam, Fall 2014, December 8, 2014
	li  $s0, 20  


LOOP1:


	li  $s1, 100


LOOP2:


    	  (   (   (


	  (   (   (


	  (   (   (


	sub $s1, $s1, 1


	bne $s1, $zero, LOOP2


    	  (   (   (


	sub $s0, $s0, 1


	bne $s0, $s0, LOOP1
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