CS 312 – 001
Computer Organization & Architecture
Midterm Exam No.1

Fall, 2013
2:00-3:15 P.M.

October 1, 2013
This exam is a closed textbook and closed note exam.  There are 6 questions in this exam.  You have 75 minutes to finish the questions.  Please write your answers on separated pieces of papers.  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).

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 major weaknesses in “unsigned integer”?
(2)
What are three different types of “program files”?  Which format do processors understand?
(3)
How many bits are needed to represent integers from -8 to 7 (including 0) in 2’s complement format?  Show the binary bit pattern for each of the 16 integers in the binary format.
(4)
What is “Overflow Flag” in a processor (how is it used) – for two’s complement arithmetic operations?
(5)
Which of the following lw instructions is (are) not valid (the one that will cause error in PC-SPIM assembler) and why not for the one (ones) that is not valid?

(a)
lw    $v0, 89

(b)
lw    $v0, ($a2)

(c)
lw    $s1, $s2

(d)
lw    $a1, MY_LABEL – assume that “MY_LABEL” is properly defined somewhere in your assembly source code file.

(e)
lw    $v0, -812($a2)

QUESTION #2 (10 minutes) – 20 points (4 points for each)
(1) Processors with a lower clock rate execute the same binary programs faster than the processors with a higher clock rate.  How is this possible?
(2)
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

(3)
Which of the following datapath architecture can suffer from WAR data dependency (select all that apply)?
(a) Scalar processors

(b) Super-scalar processors

(c) Pipeline processors

(d) Super-pipeline processors

(4)
For each of the following below, is it possible to represent such numbers using 32-bit (15 bits for fraction and 16 bits for integer) fixed-point fraction numbers (answer by “yes” or “no”):

(a) Fraction numbers:  YES   NO

(b) Huge (e.g., more than a million) numbers:  YES   NO

(c) Tiny (e.g., tinier than 1/(106)) numbers:  YES   NO

(5)
Transform the following number to the two’s complement binary number (using the minimum number of bits necessary): -54.  Show all your work.
QUESTION #3 (10 minutes) – 15 points (10 points for (a) and 5 points for (b))
Suppose the branch frequencies (as percentage to all the instructions) are as follows:

Conditional branches:

13%

Jumps and calls:


7%

Conditional branches:

62% are taken

We are examining a twenty-phase pipeline processor, in which different instructions require different number of processor cycles to complete (as described below).  Assume that each conditional branch requires eighteen cycles to complete (the decision of a conditional instruction is made available at the end of the eighteenth cycle).  Similarly, each unconditional branch requires sixteen cycles to complete (the decision of an unconditional instruction is made available at the end of the sixteenth cycle).  All other instructions require exactly twenty cycles to complete.

Questions: Assuming that only the first pipe stage can always be done independent of whether the branches goes and ignoring other pipeline stalls, (a) how much faster would the machine be without any branch hazards?  (b) If the pipeline becomes deeper, what would you expect for the speed up? For (a), show all your work.

QUESTION #4 (10 minutes) – 10 points
Let us assume that we have two processors (Processor A and B).  The clock cycle rate and CPI of Processor A are:

Processor A:
Clock cycle rate = 900 MHz.


CPI = 1.2

The CPI of Processor B is:

Processor B:
CPI = 0.7

The two processors have different instruction sets.  Also it was found that the average number of instructions in a program is expected to be 25% smaller than that of Processor B (for example, if we compile the same C++ source code file to Processor A and B, the number of the instructions in the assembly source code file for A will be smaller than that for B by 25% and the same thing will happen for any programs compiled to the assembly source code files for A and B).  In order for Processor B to perform at least as fast as Processor A, what should be the clock cycle rate for Processor B?  Show all your work.
QUESTION #5: – 10 points
IEEE-754 floating-point standard has another sub-standard, called “double precision floating-point numbers”, which has 11 bits for exponent and 54 bits for significand.  The basic idea is not changed at all, except that the two fields (exponent and significand) are extended and that “bias of 1023” is used for the exponent bits.

Show the bit pattern for -1163.75 (negative 1163.75) using the double-precision floating-point number in IEEE-754.

Show all your work for full credit.
QUESTION #6: – 15 points
Consider two different processors, M1 and M2, which have the same instruction set.  Let us assume that there are three types of instructions (X, Y, and Z) in the instruction set for the processors.  M1 has a clock cycle rate of 1.2GHz, and M2 has a clock cycle rate 2.0GHz.  The average number of cycles for each instruction type on M1 and M2 is given in the following table:

	Instruction Type
	CPI on M1
	CPI on M2
	Usage by C1
	Usage by C2
	Usage by 3rd Party

	X
	3
	4
	31%
	25%
	30%

	Y
	5
	7
	49%
	40%
	28%

	Z
	5
	8
	20%
	35%
	42%


The table also contains a summary of how three different compilers use the instruction set.  C1 is a compiler produced by the maker of M1.  C2 is a compiler produced by the maker of M2, and the other compiler is a third-party product.  Assume that each compiler uses the same number of instructions for a given program, but that the instruction mix is as described in the table above.

Assume: 1GHz = 109Hz (109 processor cycles per second)
Question: Which combination (combination of a processor and a compiler) is the best?  Show all your work.

Hint: I will be focusing on “ideas” (instead of “calculations”) when I grade your solution for this question.  If you are running out of time, show me your formulas (with the number parameters) that are needed to find the solution for this question.
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