CS 312 Computer Organization
Midterm Exam No.2

Fall, 2003
6:00-7:15 P.M.

November 10, 2003
This question is a closed book, closed note and closed neighbor exam.  There are 7 questions in this exam.  You have 75 minutes to finish the questions.  Write your answers on separated pieces of papers.  To avoid grading problems, order your papers in the ascending order in the question number.  You can use a calculator in this exam (no calculator sharing, please).
Please do NOT write your name (for each paper you submit, you can write down the last 4 digits in your student ID).

Student ID (Last 4 Digits): ___________________

Question #1 (10 minutes)

(1) Show the scientific notation (but not in the normalized) for the following decimal fraction number.

The decimal number: -0.0072500(10)
(2) What is the primary advantage in using multi-cycle datapath compared to the single-cycle datapath?

(3) Given a pipeline datapath with k stages, which has clock cycle rate of f, what is the expected execution time for n instructions (assume that each of n instructions use all five datapath stages).
(4) Describe what will be performed in the second stage (“instruction decoding” stage) in a CPU datapath for “lb $t1, 4($t2)” instruction?  Describe what will be performed as shown in “Datapath1.ppt”.

Question #2 (10 minutes)

(1) You know I will ask this question.  What is the smallest positive number in IEEE 754 floating point (you do not have to describe your solution – just show me the number)?  Show the bit-pattern in IEEE 754 format.

(2) In IEEE 754 floating point, there are 23 bits assigned to Mantissa.  If we increase the number of bits for Mantissa to, say 55 bits (this assumes 64-bit registers), what is the primary benefit in doing that?  Mention the most significant benefit (you think).  You can answer only one benefit (if you answer more than one, whatever the first that appears in your solution will be graded and anything after that (even though it is correct) will NOT be graded.  I expect a very short answer for this question (you do NOT have to describe why it is significant – just mention what is important).
(3) Show the bit-pattern for –0.171875(10) in IEEE 745 floating-point number.

Question #3 (10 minutes)

Assume that there is a multi-cycle datapath (but not pipeline) CPU (called CPU A), which has the clock cycle rate of 500MHz.  CPU A has the following instruction mix (assume that there is no other type of instructions available in this CPU):

	Instruction Type
	Frequency

	Load instructions
	24%

	Store instructions
	12%

	R-format (arithmetic) instructions
	44%

	Conditional branches
	18%

	Jump (unconditional branch) instructions
	2%


CPU A has five stages in its multi-cycle datapath.  The number of cycles required in each stage is as shown below:

	IF
	ID
	ALU (EX)
	ME
	WB

	1
	2
	3
	2
	1


The required stages differ for each type of instructions and as shown in the table below:

	Instruction Type
	IF
	ID
	ALU (EX)
	ME
	WB

	Load instructions
	(
	(
	(
	(
	(

	Store instructions
	(
	(
	(
	(
	NO

	R-format (arithmetic)
	(
	(
	(
	NO
	(

	Conditional branches
	(
	(
	(
	NO
	NO

	Jump instructions
	(
	(
	NO
	NO
	NO


Question: How much is CPU A (with multi-cycle datapath) faster than its single-cycle counterpart (any thing other than “single-cycle” is same as CPU A)?  I mean CPU A is a direct extension from this single-cycle datapath CPU and everything except “single-cycle” is same between the single-cycle CPU and CPU A).  Show all your work.

Question #4 (10 minutes)

(1) Assume that there is a compiler that detects data dependencies between two instructions.  This compiler inserts NOP (No-OPeration) instructions for a RAW (read-after-write) data dependency (instead of letting a processor to stall during the run-time to resolve RAW dependencies) and for the branch-slot for every conditional branch instruction.

Optimize (try to eliminate as many nop instructions as possible from) the following assembly codes by applying the following three techniques: (a) instruction rescheduling, (b) delayed-branch and (c) combining instructions from different iterations in the same loop structure.  Assume that three cycles would have been stalled (if a processor resolves a RAW dependency by stalls) and that the size of branch slots is three cycles for any conditional branch.  Assume that CPUs that will execute this code have infinite number of registers.


Note: this assembly program adds “10” to each element in an array and the size of each element in this array is 4 bytes.  The address of the last element is stored in $t6 register, while the address of the first element of the array is stored in $t2 register at the beginning.

Hint ( Assume that the number of elements in this array is a multiple of 4 (= you can integrate instructions from four iterations in this loop structure).
Question #5 (10 minutes)

Show every step in the binary multiplication for the following two numbers:

· 9(10) as multiplicand

· 5(10) as multiplier

Assume that this binary multiplication circuit can take 15(10) and 7(10) for the maximum multiplicand and multiplier, respectively (i.e., the maximum number for the multiplicand is 15 while the maximum multiplier is 7).

Assume all the numbers are positive (unsigned) numbers.

Question: Show each step in the binary multiplication algorithm (until the end).  Please do NOT skip any step and show the procedure as described in the classroom).  Show all your work.
Question #6 (10 minutes)

This is a question from one of the sample midterm exams.  Let’s modify the instruction set architecture and remove the ability to specify an offset for memory access instructions.  This modification removes the EX step from load and store instructions.  Then, all load-store instructions with non-zero offsets would be replaced by a combination of addi and load/store instructions.  Delays as specified in the following table with every step requiring 2 ns.

	Instruction Types
	IF
	ID
	EX
	ME
	WB
	Frequencies

	Load
	(
	(
	(
	(
	(
	24%

	Store
	(
	(
	(
	(
	No
	12%

	Branch
	(
	(
	(
	No
	(
	18%

	Jump
	(
	(
	No
	No
	(
	2%

	R-Type (arithmetic)
	(
	(
	(
	No
	(
	44%


What is the highest percentage of load and store instructions that have non-zero offset, if the modified instruction set architecture should be better than before modification?  To simplify your work, assume the same percentage of non-zero offset for both load and store instructions.  Show all your work.  The addi instruction belongs to R-Type instruction.
Question #7 (15 points)

Assume that we have a CPU with a pipeline data path that has k pipeline stages.  The size of the branch slot in this CPU is five 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 65% of their executions.  It was also found that in 25% 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 five instructions could not be moved after a branch instruction for 25% of time and for the rest, all five instructions could be moved to the address after a branch instruction.

Question: in order for the slow-down due to conditional branch instructions to be less than 10% (after delayed-branch is used), what should be the frequency of branch instructions in your programs (i.e., how much of the assembly instructions could be conditional branch instructions)?
____________________________________________________________________
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LOOP:	lw	$t1, 0($t2)		// $t1 ( MEM[$t2]


	add	$t3, $t1, $t4		// $t3 ( $t1 + $t2


	sw	$t3, 0($t2)		// MEM[$t2] ( $t3


	add	$t2, $t2, 4		// $t2 ( $t2 + 4


	beq	$t2, $t6, LOOP	// if $t2 = $t6, goto LOOP
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