CS 312 Computer Organization & Architecture
Midterm Exam No.1

Fall, 2014
2:00-3:15 P.M.

September 30, 2014
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 three digits): ___________________

QUESTION #1 (15 minutes) – 20 points (4 points for each)
(1) What are the two primary advantages in learning “computer organization and architecture” by CS majors?
(2)
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.
(3)
Which of the following load instructions does (do) not access memory at all (select all that apply)?
(a) lw (load word)

(b) la (load address)

(c) lb (load byte)

(d) li (load immediate)

(e) lhw (load half word)

(f) none of the above

(4) What is “Moore’s Law” (describe what exactly “Mooer’s Law” predicts)?

(5)
Complete the following figure by specifying number systems we discussed in the classroom.
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QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) What is the advantage of “normalization” in IEEE-754 floating-point numbers?
(2)
What is the binary bit pattern of -11(10) in the bias of 127?  Assume that the bit pattern consists of 8 bits.  Show your work.

(3) Which of the following processors suffer from WAW date hazard (select all that apply)?

(a) Scalar processors

(b) Super-scalar processors

(c) Pipeline processors

(d) Super-pipeline processors

(e) None of the above

(4)
Why is “forwarding” not effective for eliminating “control hazards”?

(5)
What are the major disadvantages in dynamic optimizations (i.e., “dynamic instruction scheduling”)?  Mention two different disadvantages.
QUESTION #3 (10 minutes) – 10 points
Assuming: n = number of instructions, k = number of stages in a pipeline, and c = clock cycle time.  Derive the speed-up factor (speed-up from the scalar architecture) for super-pipeline processors. If you need more parameter(s) in addition to n, k, and c), specify them (and use them in your solution).

Please show every single step before you draw your conclusion.
QUESTION #4 (15 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?  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 #5 (10 minutes) – 10 points
Our favorite program runs in 16 seconds on computer A, which has a 600 MHz clock (= clock cycle rate = 600MHz).  We are trying to help a computer designer build a computer B, which will run this program in 10 seconds.  The designer has determined that a substantial increase in the clock rate is possible, but this increase will affect the rest of the CPU design, causing computer B to require 1.28 times as many clock cycles as computer A for this program.  What clock rate should we tell the designer target?  Show all your work.

QUESTION #6 (15 minutes) – 10 points
Assume that we have a CPU with a k-stage pipeline datapath (k > 6).  The size of the branch slot in this CPU is six 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 73%.  This processor assumes any conditional branch will not be taken.  It was also found that for the probability of 29%, 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 six instructions, any of the six 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 20.0% (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.
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int  my_int_01;


unsigned int my_int_02;





void main (void)


{





my_int_02 = 64321;





my_int_01 = my_int_02;





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


}
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