
Computer Architecture
Appendix C - Pipelining: Basic Concepts
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RISC-V Data Path
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RISC-V Data Path
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RISC-V Data Path
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RISC-V Data Path
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RISC-V Data Path
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RISC-V Data Path
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RISC-V Pipeline w/Pipeline Registers
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RISC-V Detailed Operation
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RISC-V Pipeline: Abbreviated Diagram I

11



RISC-V Pipeline: Abbreviated Diagram II
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RISC-V Performance Example
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Instruction-Level Parallelism Roadmap
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Data Dependencies
For an instruction sequence i, j, k, an instruction j is data-dependent on 
instruction i if: 
• Instruction i produces a result that may be used by instruction j, or 

• Instruction j is data-dependent on instruction k, and instruction k is 
data-dependent on instruction i.
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Also called true dependencies
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Control Dependencies
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Pipeline Hazards
• Structural Hazards


• Data Hazards


• Control Hazards
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Structural Hazards
Possible structural hazards:

• In CC4, memory is accessed by both inst 1 and inst 4


• In CC5, register file is accessed by both inst 1 and inst 4
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Data Hazards
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Data Hazard Example
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Data Hazard - one solution
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Data Forwarding (or Bypassing)
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Early Branch decision
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Control (Branch) Hazards
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Predict Not-Taken Scheme
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Branch Prediction
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Dynamic Branch Methods

• Branch Prediction Buffer


• Branch Target Buffer
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Branch Delay Slot

Loop:  fld     f0, 0(x1)     // f0=array element

       fadd.d  f4, f0, f2    // add scalar in f2

       fsd     f4, 0(x1)     // store result

       addi    x1, x1, -8    // decrement ptr 8 bytes

       bne     x1, x2, Loop  // branch if x1/=x2 
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Loop:  fld     f0, 0(x1)     // f0=array element

       fadd.d  f4, f0, f2    // add scalar in f2

       addi    x1, x1, -8    // decrement ptr 8 bytes

       bne     x1, x2, Loop  // branch if x1/=x2 

       fsd     f4, 8(x1)     // branch delay slot,

                             // still considered in loop

Original intent of code

Now, change architecture to handle branch delay slot



Implementing Forwarding
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Branch Delay Slot
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Exceptions
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RISC-V Exceptions
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Multicycle Stages
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Deeper Pipelines
MIPS R4000
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Floating Point
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