Appendix A.  Basic Pipeline
Dependence: intrinsic property of computation (pp. 176)
Hazard: requires to change instruction flow, or add hardware
A simple 5-stage pipeline  (pp. A-5)

Figure A.3 (pp.9)
Structural Hazards (pp. 7, 13)

Minimalizing Data Hazards (pp. 16)
Reducing Control Hazards (pp.22)

Branch resolves after ID stage on book, but after EX stage with Skadron


Branch Delay Slot, typically one cycle

1. once defined, delay slots tied to specific pipeline

2. Burdens the compiler

3. code expansion

4. inflexible

Exception Handling (pp. 43)

1. Precise exception for integers is easier.  For floating points, WB is out of order, therefore precise exception gets harder.  For CISC instructions, things are complicated.
2. Handle in program order: 

Mark at occurrence, turn of writes, signal at WB.

Major Techniques to improve ILP: Figure 3.1 (pp. 173)

Out-of-order Execution

Roughly speaking,  active list = reorder buffer, issue queue = reservation station
The Basic Pipeline Model

The pipeline we model is similar to the 5-stage pipeline described in Hennessy and

Patterson, Appendix A (e.g., Fig. A.2). But our pipeline resolves branches in the EX

stage, while H&P (Fig A.2) resolve the branch at ID stage.

The following is a brief description of the pipeline stage functionality for this assignment:

• IF – fetch instruction from memory based on PC+4 for non-branch instruction, or

based on the PC provided by branch resolution for branch instruction No cache

misses: perfect cache

• ID – decode instruct, detect data/control hazard, read register for operands. Note in

this assignment, no data forwarding

• EX –execute computation operations (ALU/others), calculate effective memory

address for load/store instructions, resolve branches

• MEM – load/store data from/to memory address calculated in EX stage. No cache

misses: perfect cache

• WB – write data back to register file and finish the instruction.
A Simplified Out-of-order Pipeline Model 
Integer pipeline:
IF  ID_REN_EQ  RR_EX  WB  CT

FP/MEM:

IF  ID_REN_EQ  RR_EX1  EX2/MEM  WB  CT

A More Realistic Out-of-order Pipeline Model (from the assignment Microbenchmark)

IF  ID  REN_EQ  ISS  RR  EX1  EX2  EX3  WB  CT
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