
CS 312 – 001
Computer Organization & Architecture
Final Exam I
Fall, 2016
9:00-9:50 A.M.

December 2, 2016
This exam is a closed textbook and closed note exam.  There are 4 big questions in this exam.  You have 50 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 (10 minutes) – 20 points (4 points for each)
(1) If a sufficient condition is not satisfied, what conclusion can we draw?
(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 is the most serious problem in “fixed-point notation” of fraction numbers?

(4)
What are the five different types of the numbers IEEE-754 floating-point numbers that can not be accurately represented by a processor (answer this question by providing the names of the five types – not descriptions for them)?

(5) How many other positive numbers in IEEE-754 floating point number(s) have the same interval as the one between the fourth smallest and the fifth second smallest negative numbers? Briefly justify your solution.
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QUESTION #2 (10 minutes) – 20 points (4 points for each)
(1) Assume that all the inputs for each instruction must be available by the beginning of the ID phase and the output from each instruction becomes available at the end of the WB phase, find which of the following four datapath architectures can cause data hazards for each of RAR, RAW, WAR, and WAW?
(a) Scalar processors
(b) Super-scalar processors
(c) Pipeline processors
(d) Super-pipeline processors
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(2) Describe one major advantage and one major disadvantage for deepening a pipeline data path (e.g., increase ‘k’ from 5 to 20).
(3) What are the two major weaknesses in “delayed branch”?
(4)
What is “page fault”?
(5) What is (are) the advantages in using “label” in assembly programming?  Select all that apply.

(a)
Writing assembly programs easier for human assembler programmers to specify the exact memory addresses of some data or instructions for jump-destinations.

(b)
Since addresses of instructions and constant data are clearly specified, finding memory addresses will be easier for the processor, making programs execute faster.

(c)
Writing assembly programs easier for human assembler programmers by helping them for locating some instructions within an assembly source code file.

(d)
Especially because constant data can be more efficiently stored in memory, labels save the memory space in each program (smaller binary executable files).

(e)
None of the above

QUESTION #3 (10 minutes) – 20 points
Suppose that you wrote the following statements in C/C++;


Assuming that the computers that run 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 #4 (10 minutes) – 20 points
Assume that we have a CPU with a pipeline datapath that has 15 (k = 15) stages.  The size of the branch slot in this CPU is 14 cycles (i.e., every time a conditional branch takes a jump, the processor loses 14 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 48% of their executions.  It was also found that in 18% of time, delayed-branch could not be applied because of data dependencies between the instructions.  To simplify this question, let’s assume that any of the 14 instructions could not be moved after a branch instruction as long as any one of the 14 instructions has a data dependency (i.e., for 18% of time, none of the 14 instructions can be moved to the behind of a conditional branch instruction) with a conditional branch instruction.  Assume that the number of the instructions the CPU executes is huge (you can safely consider that is infinity (()).
Question: in order for the slow-down due to conditional branch instructions to be less than 5% (after the 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 your work.  This time, I expect you to complete your calculation for full credit.
______________________________________________________________________________________________
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int  my_int_01;


unsigned int my_int_02;





void main (void)


{


my_int_02 = 59982;





my_int_01 = my_int_02;





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


}
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