CS 286 – 001
Computer Organization & Architecture
Midterm Exam
Fall, 2019
9:00-9:50 A.M., October 11, 2019
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) 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)
(2) What are the two problems in sign-magnitude integers?

(3) Using the 32-bit two’s complement integers:

(a) What is the largest positive integer the 32-bit two’s complement integer can represent (show it in the decimal format)?
(b) What is the smallest negative integer the 32-bit two’s complement integer can represent (show it in the decimal format)?
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(4) What are the five different types of the numbers IEEE-754 floating-point numbers that can not be accurately represented by a processor?

Note:
This question does not ask descriptions of the five different types of the numbers. Instead, it asks the name of the five different types of the numbers.

(5) How many positive numbers in IEEE-754 floating point number(s) have the same interval size as the one between the 4,642th and the 4,643th tiniest positive numbers?

QUESTION #2 (10 minutes) – 20 points
Suppose that you wrote the following statements in C/C++;


Assuming that the processor that runs this program is a 16-bit architecture processor (i.e., the registers and the ALU in the processor are all 16 bits), what number will you see?  Note that “%d” in the printf statement means “print it as a decimal number”.

Show all your work to find the number.  
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
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 43% of their executions.  It was also found that in 32% 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.  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 28% (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 (if you are running out of time, you can present a formula or equation, that will provide a solution for this question).
Note: For any meaningful effort, decent partial credit will be given.
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int  my_int_01;


unsigned int my_int_02;





void main (void)


{





my_int_02 = 59991;





my_int_01 = my_int_02;





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


}
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