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INSTRUCTIONS:

1. Structural, data and control hazards typically require a processor pipeline to stall. Listed below are a series of optimization techniques implemented in a processor pipeline designed to reduce or eliminate stalls due to these hazards. For each of the following optimization techniques, state which pipeline hazard it addresses and how it addresses it.
a. Register operands comparator in the decode stage.

Control hazard.
b. Separate instruction and data cache

Structural hazard.
c. Adder for computing next PC

Structural hazard.
d. Data cache

Data hazard.
e. Bypassing

Data hazard.
2. Ideally, a pipeline achieves n speedup over a single cycle pipeline, where n is the number of stages. Give 4 reasons why actual pipelines may not achieve the ideal speedup.

1) Unbalanced pipeline stage delays, 2) control hazards, 3) data hazards, 4) structural hazards, 5) branch mispredictions, 6) exceptions.
3. A pipelined MIPS processor has the following pipe stage latencies. The latency for each stage includes the delay through the pipeline register preceding it.

IF

ID

EX

MEM

WB

350ps
200ps

200ps

450ps

150ps

a. What is the processor cycle time?

450ps
b. Assuming that the pipeline register delay is 40ps. What is the cycle time of a single cycle implementation of this MIPS processor?

1150ps.
c. What is the speedup of this pipeline?

1150/450 = 2.56.
4. Consider the following assembly language code:

I0: LDW R4 = MEM[R5 + 100];

I1: SUB R9 = R3 - R4;
I2: LDW R2 = MEM[R3 + 0];

I3: BEQ R2, R9, LABEL;
Consider a pipeline with forwarding and hazard detection. The pipeline is the typical 5-stage IF, ID, EX, MEM, WB MIPS design and computes the branch address and condition in the decode stage.  For the above code, complete the pipeline diagram below (instructions on the left, cycles on top). Insert the characters IF, ID, EX, MEM, WB for each instruction in the boxes. Assume that there are two levels of bypassing, that the second half of the decode stage performs a read of source registers, and that the first half of the write back stage writes to the register file. Label all data stalls (Draw an X in the box). Label all data forwards that the forwarding unit detects (arrow between the stages handing off the data and the stages receiving the data).
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5. Repeat the above problem for the case when instruction I0 causes a page fault exception that is detected in the MEM stage of the pipeline.
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