
CS 312 – 001
Computer Organization & Architecture
Midterm Exam
Fall, 2016
9:00-9:50 A.M.

October 14, 2016
This exam is a closed textbook and closed note exam.  There are 5 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) How will “programmers’ life” be easier if programmers develop programs using high-level programming languages?  Mention at least three different ways.

(2) Given N bits for 2’s complement integers, what is the largest positive integer (in decimal) a processor can have and what is the smallest negative integer (in decimal) a processor can have?

(3) What is the difference between the largest and the second largest positive numbers (we called the difference “interval”) in IEEE-754 floating point number system (i.e., “single precision IEEE-754 floating point numbers)?
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(4) “li $t0, (1024)” is an illegal instruction (if you try to assemble that instruction using PC-SPIM simulator, that instruction will cause a syntax error).  What’s wrong?
(5) Complete the following figure by specifying number systems we discussed in the classroom.
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QUESTION #2 (10 minutes) – 20 points (4 points for each)
(1) What are the two activities a “jal” instruction performs?  Describe what they are in the order they are performed.
(2) Explain how “control hazards” slow down pipeline datapath processors.

(3) In the following recursive structure, the second round of the recursive module saves the content of $s0 register (as shown in the figure).  Who owns the content of $s0 register (the content saved by Round 2)?
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(4)
Assume that all the inputs for each instruction must be available by the beginning of the ID phase and the output from each instruction becomes available at the end of the WB phase, find which of the following four datapath architectures can cause data hazards for each of RAR, RAW, WAR, and WAW?
(a) Scalar processors

(b) Super-scalar processors

(c) Pipeline processors
(d) Super-pipeline processors
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(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 #3 (10 minutes) – 20 points
Suppose that the instruction mix for a program consists of the three types of instructions, integer arithmetic, memory access (load and store instructions), and branch (but no other type of instructions).  The proportions of the instruction mix in the program are 58%, 18%, and 24% for the three instruction types respectively.  The average CPI for each of the three instruction types is:

	Integer Arithmetic
	Memory Access
	Branch

	5 cycles
	22 cycles
	7 cycles


Question: If the performance (in execution time) of this processor for this program needs to be improved by 25%, what should be the average CPI for memory access instructions if there is no improvement for either the integer arithmetic or branch instructions?  If it is impossible to achieve the 25% improvement, describe the reason.

Show all your work.
QUESTION #4 (10 minutes) – 20 points
Your computer system has a 5-stage pipeline (but not super-pipeline) processor (like the one we discussed in the classroom).  We use the five-stage pipeline processor to execute the following loop structure in assembly instructions.

Question: 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).

(a) The same number of stalled cycles for each RAW data hazard as we discussed in the classroom (i.e., 3 stalled cycles for each RAW data dependency).

(b) The delayed branch slot is 3 cycles.

(c) The loop structure repeats exactly 1,000 times.

(d) The 5-stage processor has an infinite number of registers (as many registers as you need).


QUESTION #5 (10 minutes) – 20 points
Assume that we have a CPU with a pipeline datapath that has 20 (k = 20) stages.  The size of the branch slot in this CPU is 19 cycles (i.e., every time a conditional branch takes a jump, the processor loses 19 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 56% of their executions.  It was also found that in 23% 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 19 instructions could not be moved after a branch instruction as long as any one of the 19 instructions has a data dependency (i.e., for 23% of time, none of the 19 instructions can be moved to the behind of a conditional branch instruction).  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 20% (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.

______________________________________________________________________________________________
CS312-001 Computer Organization & Architecture, Midterm Exam, Fall 2016, October 14, 2016
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
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