CSC 462/562 Homework #6




                        Due Date:  Monday, March 5
Undergraduates answer question #4 and any 3 of the remaining 4 questions.  Graduate students answer all 5 questions.  All answers should be word processed.  

1) Given the following code, show how it will execute on the MIPS R4000 pipeline assuming the branch is not taken, and show how it will execute assuming the branch is taken.  Notice that there is nothing scheduled in the branch delay slot.  
LW
R1, 0(R2)

DADD
R3, R1, R5

SLTI
R6, R3, #1000

BEQZ
R6, next

DADD
R3, R8, R3

DSUBI  R3, R3, #1

SW
R3, 0(R2)

J
out

next:
LW
R9, 4(R2)


DADD   R3, R3, R9

SW
R3, 0(R7)


out:

2) Compare the performance of the 5-stage MIPS pipeline and the 8-stage MIPS R4000 pipeline on a benchmark of 28% loads, 10% stores, 46% ALU operations, 14% conditional branches (of which 85% are taken) and 2% unconditional branches.  Assume that 70% of all loaded values are used by an ALU operation that immediately follows the load, that 80% of all conditional branches are immediately preceded by an ALU operation that computes the register being tested in the branch, and that the compiler is successful in filling all but 30% of the branch delay slots.  Further, the MIPS 5-stage pipeline has a clock rate 30% slower than the MIPS R4000 clock rate.  Which machine is faster and by how much?

3) A useful modification to the Scoreboard, as covered in class and the textbook would be to allow functional units to read a source register as soon as the datum is available, rather than wait until all data are available.

a. Why would this modification be useful?  That is, what problem(s) would it circumvent and what kind of a performance increase might we expect?

b. What problems would be introduced by allowing functional units to read operands whenever available rather than making them wait until all operands are available?

4) Perform a cycle-by-cycle analysis of the scoreboard executing the following code.  Assume that there are 2 integer functional units, 1 load/store unit, 1 FP adder and 1 FP multiplier.  FP + takes 2 cycles to execute and FP * takes 7 cycles.  Assume instructions have already been fetched and start with the issue stage.  Instructions can read and write registers in the same cycle as long as they are separate registers.  An instruction waiting for a functional unit cannot be issued until the cycle after the previous instruction has written results.
L.D
F0, 0(R1)

L.D
F1, 8(R1)
DADDI
R1, R1, #16
ADD.D
F2, F0, F1

L.D
F3, 0(R2)

MUL.D
F4, F3, F7

S.D
F4, 8(R2)

DADDI
R2, R2, #16

DSUBI
R10, R10, #1
5) Lets build the functional units for a scoreboard.  Analyze the functional unit execution time and the average SPEC FP benchmark frequency of instructions and decide how many of these units our scoreboard should have:  FP adder, FP multiplier, FP divider, Integer ALU unit, load/store unit.  Assume that division takes 40 cycles, multiplication takes 10 cycles, addition takes 2 cycles to execute.  Justify your answers by discussion with respect to the frequency and duration of instructions.

