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FIGURE 3.1  The implementation of the DLX datapath allows every instruction to be executed in four or five clock 
cycles.
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FIGURE 3.3  The pipeline can be thought of as a series of datapaths shifted in time.
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FIGURE 3.4  The datapath is pipelined by adding a set of registers, one between each pair of pipe stages.
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FIGURE 3.9  The use of the result of the ADD instruction in the next three instructions causes a hazard, since the 
register is not written until after those instructions read it.
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FIGURE 3.10  A set of instructions that depend on the ADD result use forwarding paths to avoid the data hazard.
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FIGURE 3.11  Stores require an operand during MEM, and forwarding of that operand is shown here.
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FIGURE 3.12  The load instruction can bypass its results to the AND and OR instructions, but not to the SUB, since 
that would mean forwarding the result in "negative time."
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FIGURE 3.13  The load interlock causes a stall to be inserted at clock cycle 4, delaying the SUB instruction and those 
that follow by one cycle.
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FIGURE 3.22  The stall from branch hazards can be reduced by moving the zero test and branch target calculation 
into the ID phase of the pipeline.
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FIGURE 3.24  The frequency of instructions (branches, jumps, calls, and returns) 
that may change the PC.
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FIGURE 3.25  Together the forward and backward taken branches account for an average of 67% of all conditional 
branches.
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FIGURE 3.28  Scheduling the branch-delay slot.
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FIGURE 3.36  Misprediction rate for a profile-based predictor varies widely but is 
generally better for the FP programs, which have an average misprediction rate of 
9% with a standard deviation of 4%, than for the integer programs, which have an 
average misprediction rate of 15% with a standard deviation of 5%.
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FIGURE 3.37  Accuracy of a predict-taken strategy and a profile-based predictor as measured by the number of 
instructions executed between mispredicted branches and shown on a log scale.
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FIGURE 3.42  The DLX pipeline with three additional unpipelined, floating-point, 
functional units.
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FIGURE 3.44  A pipeline that supports multiple outstanding FP operations.
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