CprE 381 Homework #6


Reading Assignment: Chapters 5 and 6


P1. (20 points) We wish to add the instruction eret (exception return) to the multicycle datapath described in this chapter.  A primary task of the eret instruction is to reload the PC with the return address at which an exception or error trap occurred.  Suppose that if the processor is serving an error trap, then the PC has to be loaded from a register ErrorPC.  Otherwise the processor is serving an exception and the PC has to be loaded from EPC.  Suppose that there is a bit in the cause register called trap to encode an error trap when it occurs and to save the PC in the ErrorPC register.  Add any necessary datapaths and control signals to the multicycle datapath to accommodate the trap/exception call and return, and show the necessary modifications to the control finite state machine to implement the eret instruction.  You can photocopy the figures to make it easier to show your modifications.

P2. (20 points) Exception detection is an important aspect of exception handling.  Try to identify the cycle in which the following exceptions can be detected for the multicycle datapath.

a. Divide by zero exception (suppose we use the same ALU for division in one cycle, and that it is recognized by the rest of the control)

b. Overflow exception

c. Invalid instruction

d. External interrupt

e. Invalid instruction memory address

f. Invalid data memory address

P3. (10 points) Identify all of the data dependencies in the following code.  Which dependencies are data hazards that will be resolved via forwarding?  Which dependencies are data hazards that will cause a stall?

add $3, $4, $2

sub $5, $3, $1

lw  $6, 200($3)

add $7, $3, $6
P4. (10 points) The following piece of code is executed using the pipeline in Chapter 6 of the book:

lw  $5, 40($2)
add $6, $3, $2
or  $7, $2, $1
and $8, $4, $3

sub $9, $2, $1

At cycle 5, right before the instructions are executed, the processor state is as follows:

a. The PC has the value 100ten, the address of the sub_instruction.

b. Every register has the initial value 10ten plus the register number (e.g. register $8 has the value 18ten).

c. Every memory word accessed as data has the initial value 1000ten plus the byte address of the word (e.g. Memory[8] has the initial value 1008ten).


Determine the value of every field in the four pipeline registers in cycle 5.

P5. (10 points) Consider executing the following piece of code on the pipelined datapath in Chapter 6 of the book:

lw  $4, 100($2)
sub $6, $4, $3
add $2, $3, $5
How many cycles will it take to execute this code?  Draw a diagram that illustrates the dependencies that need to be resolved, and provide another diagram that illustrates how the code will actually be executed (incorporating any stalls or forwarding) so as to resolve the identified problems.

P6. (20 points) As pointed out in book, moving the branch comparison up to the ID stage introduces an opportunity for both forwarding, and hazards that cannot be resolved by forwarding.  Give a set of code sequences that show the possible forwarding paths required and hazard cases that must be detected, considering only one of the two operands.  The number of cases should be equal to the maximum length of the hazard if no forwarding existed.

P7.
(10 points) It is important to maximize performance on a pipelined datapath with forwarding and stalls on a use following a load.  Rewrite the following code to minimize performance on this datapath—that is, reorder the instructions so that this sequence takes the most clock cycles to execute while still obtaining the same result.

lw  $2, 100($6)

lw  $3, 200($7)

add $4, $2, $3

add $6, $3, $5

sub $8, $4, $6

lw  $7, 300($8)

beq $7, $8, Loop
