CS 312 Computer Organization

Midterm Exam No.2

Spring, 2002

11:00-12:15 P.M.

March 28, 2002

This question is a closed-book and closed note exam.  There are 5 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 papers in the ascending order in the question number.  Each question is worth 20 points.  Please bring a calculator (no calculator sharing, please).

Name: _______________________________

Student ID (optional): ___________________

Question #1 (20 points)

(1) What type of data dependency causes pipeline hazards?  Give an example of a pipeline hazard of that type.

(2) What does "systematic hardware design" mean (give the four design goals discussed in the lecture)?

(3) Assuming m-bit multiplicand and n-bit multiplier, how many bits could result (in maximum) for the product?

(4) Show the datapath design for "lw $t5, 0($t2)" assembly instruction.
(5) Show every step for the binary multiplication of 5(10) multiplied by 3(10) (i.e., multiplicand = 5 and multiplier is 3).

Question #2 (20 points)
(a) Derive the speed-up factor of pipelined multi-cycle datapath over single-cycle datapath, given the number of steps = k and the clock cycle time for the pipelined multi-cycle datapath is t when we execute a large number of instructions.  Derive the speed-up factor, by first drawing pictures of instruction executions for each datapath design, then identify each delay component (as we did in the class).  Show all your work.  8 points of correct work and 2 points for correct speed-up factor.

(b) Do the same for pipeline datapath but with pipeline hazards with the average cycles for pipeline stalls of s cycles.  Show all your work.  8 points of correct work and 2 points for correct speed-up factor.

Question #3 (20 points)

Represent 121.75(10) in IEEE 754 floating point format (this is not "general" floating point but in IEEE specific format).  Show all your work (all steps).  Credit will be given to every step in your work (not only to the final solution).

Question #4 (20 points)

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.  The addi instruction belongs to R-Type instruction.  Delays as specified in the following table with every step requiring 2 ns.

	Instruction Types
	IF
	ID
	EX
	ME
	WB
	Frequencies

	Load
	(
	(
	(
	(
	(
	24%

	Store
	(
	(
	(
	(
	
	12%

	Branch
	(
	(
	(
	
	(
	18%

	Jump
	(
	(
	
	
	(
	2%

	Special (R-Type)
	(
	(
	(
	
	(
	44%


What is the highest percentage of load and store instructions that have non-zero offset, if the modified instruction set architecture is 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.
Question #5 (20 points)

Suppose we have a floating-point unit that requires 8 ns for a floating point add and 16 ns for a floating point multiply.  All the other functional unit times are as in the table in Question #4 (however, the frequencies will be changed as you will see in below), and a floating point instruction is like an arithmetic-logical instruction (i.e., the R-Type instructions), except that it uses the floating-point ALU rather than the main ALU.  Using the instruction frequencies in the following table, find the performance ratio (= speed up factor) between an implementation in which the clock cycle is different for each instruction class and an implementation in which all instructions have the same clock cycle time.

	Instruction Type
	Frequencies

	Load
	31%

	Store
	21%

	Branch
	5%

	Jump
	2%

	R-Type
	27%

	Floating Point Addition
	7%

	Floating Point Multiplication
	7%
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