CS 286 – 001
Computer Organization & Architecture
Midterm Exam
Spring, 2020
9:30-10:45 A.M., March 5, 2020
This exam is a closed textbook and closed note exam.  There are 5 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 the difference between “li $a0, 1024” and “la $a0, 1024” instructions?
(2) What are “control hazards”?  Show an example of the control hazard (using assembly instructions).

(3) What is the advantage of “normalization” in IEEE-754 floating-point numbers?
(4) 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.

(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 (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”.

Show all your fork for full credit.
QUESTION #3 (15 minutes) – 20 points
Our favorite program runs in (exactly) 8.2 seconds on processor A, which has a 1.2GHz clock (its clock cycle rate = 1.2GHz).  A processor designer is trying to build another processor, processor B, which will run this program in (exactly) 5.7 seconds.  The designer has determined that processor will achieve the goal (i.e., run the program in 5.7 seconds) by a substantial increase in the clock rate.  However, the substantial increase in the clock rate will affect the rest of the processor’s design, causing processor B to require 1.39 times as many clock cycles as processor A for this program.  

What clock rate should we tell the designer target for processor B to run the program in 5.7 seconds?

Show all your work.

QUESTION #4 (15 minutes) – 20 points
Suppose that we have a k = 20 (i.e., “a 20-stage”) pipeline processor (not “a super-pipeline” though). If data dependencies should not slow down this pipeline processor more than 17.5% for a program (“program A”), how often data hazards can happen in programs?

Assume the followings:

(a) Input to (read from) a register will happen at the end of the 4th stage in the 20-stage pipeline.

(b) The first three stages in the 20-stage pipeline works without inputting the content of the common register.

(c) Output (write) to a register will happen at the end of the 20th stage in the 20-stage pipeline.

(d) Assume that every instruction needs all the 20 stages (this is for simplifying your work).

(e) Ignore any other overhead (including control hazards).
Question: Answer “how often” in the percentage.  For example, if data hazards happen five times in 100 instructions, it should be counted as “5%”.

Note: for this question, please complete your calculation for “how often data hazards can happen in %” (i.e., just showing the correct formula will not bring you full credit for this question, if you do not finish your calculation)

QUESTION #5 (15 minutes) – 20 points
Regarding IEEE-754 floating-point standard (the standard single-precision floating-point fraction numbers):

QUESTION 1 (4 points)
Which of the two bit patterns indicate the larger number (answer this question either by (a) or (b))?

(a) Sign bit: 0

Exponent bits: 1111 1110

Significand bits: 1111 …. 110 (twenty-two “1” followed by one “0”)
(b) Sign bit: 0

Exponent bits: 1111 1101

Significand bits: all 23 ones

QUESTION 2 (16 points)
Mathematically prove your answer for (a) above.
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int  my_int_01;


unsigned int my_int_02;





void main (void)


{





my_int_02 = 62383;





my_int_01 = my_int_02;





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


}
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