CS 312 – 002
Computer Organization & Architecture
Midterm Exam
Spring, 2015
2:00-3:15 P.M.

March 5, 2014
This exam is a closed textbook and closed note exam.  There are 6 big questions in this exam.  You have 75 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 is “Moore’s Law”?

(2)
What does “low-level” in “low-level programming languages” mean?  Mention three different properties of “low-level”.
(3)
What does “performance” in computer system mean (at least four examples)?
(4)
What is the essential difference between “li $a0, 1024” and “la $a0, 1024” instructions (this question does NOT ask what “li” means or what “la” means)?  
(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 #2 (15 minutes) – 20 points (4 points for each)
(1) How many other positive number(s) in IEEE-754 floating-point numbers have the same difference interval as the one between the tiniest and the second tiniest positive numbers in IEEE-754?
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(2) What is the advantage of using “normalized” format in IEEE-754 standard?

(3)
What are the five different types of the numbers IEEE-754 floating-point numbers that can not be accurately represented by a processor (i.e., mention the names of the five error types)?

(4) How is “Overflow Flag” in a processor used for two’s complement arithmetic operations?
(5) Which of the following processors suffer from WAR data hazard (select all that apply)?
(a) Scalar processors
(b) Super-scalar processors

(c) Pipeline processors

(d) Super-pipeline processors

(e) None of the above

QUESTION #3 (10 minutes) – 15 points
Your computer system has a 10-stage pipeline (but not super-pipeline) processor (a single-core, single-processor).  We use the ten-stage pipeline processor to execute the following loop structure in assembly instructions.
Question 1: How much can this loop structure be faster if we apply loop unrolling and delayed branch using the following assumptions?  Show all your work (especially for partial credit).  5 points for this question.
(a) The same number of stalled cycles for each RAW data hazard as we discussed in the classroom (i.e., 5 stalled cycles for each RAW data dependency).

(b) The delayed branch slot is 3 cycles.

(c) The loop structure repeats exactly 1,200 times.

(d) The 10-stage processor has an infinite number of registers (as many registers as you need).


Question 2: If the number of repeats in the loop structure is significantly increased (e.g., 6,000 times, instead of 1,200 times), how will that affect to the “speed-up factor” you calculated for “Question 1” above (2 points)?  Quantitatively estimate the speed up (i.e., how much faster?) (8 points).

QUESTION #4 (10 minutes) – 15 points
Suppose that we got two processors, processor A and B.  Processor A is a super-scalar processor, while B is a super-pipeline processor.  The two processor run at R Hz clock and have S parallel datapath pipes.  Each of their datapath consists of K steps.

Derive the speed-up factor of B to A (the factor of “how much B is faster than A”) for programs that consist of a large number of instructions.  As we did in a lecture, assume that their datapaths always work perfectly.

If any other parameter is necessary, define the parameter.

Show all your work.

QUESTION #5 (10 minutes) – 15 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 #6 (15 minutes) – 15 points
Assume that we have a CPU with a k-stage pipeline datapath (k > 8).  The size of the branch slot in this CPU is eight 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 62%.  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 between any of the eight instructions and a conditional branch instruction, any of the eight 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 15.0% (after delayed-branches are applied), 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.

______________________________________________________________________________________________
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LOOP:	lw	$t1, 0($t2)	// $t1 ( MEM[$t2]


	add	$t3, $t1, 10	// $t3 ( $t1 + 10


	sw	$t3, 0($t2)	// MEM[$t2] ( $t3


	add	$t2, $t2, 4	// $t2 ( $t2 + 4


	bne	$t2, $t6, LOOP	// if $t2 ≠ $t6, jump to LOOP





int  my_int_01;


unsigned int my_int_02;





void main (void)


{





my_int_02 = 63489;





my_int_01 = my_int_02;





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


}
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