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The Simulation Bottleneck

ωPerformance Simulation via Simulation Sampling
ςperf. measurements by sampling small segments of execution
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Execution

Detailed Warm-up (cycle-accurate simulation)

Measurement (cycle-accurate simulation)

Short &
Parallelizable

Long & NOT 
Parallelizable

!
Checkpoints (i.e. system state snapshots )

Functional Warming (functional simulation)

ωSpeed of cycle-accurate simulator inconsequential

ωFunctional Warming is the Real Bottleneck
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CMP Cache Model

Functional 
Branch Predictor Model

Faster Simulation w/ FPGAs

ωFunctional Warming requires
ςFull-system functional simulator (e.g. Simics)

ςInstrumentation (e.g. functional cache model)
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Functional
CMP Cache Model

Functional 
Branch Predictor Model

HW vs. SW Simulation Performance

ωFunctional Warming requires
ςFull-system functional simulator (e.g. Simics)

ςInstrumentation (e.g. functional cache model)
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WITH Instrumentation Speedup: 37x



Functional 
Branch Predictor Model

Outline 

ωBlueSPARCSimulator (1-slide review)

ωFPGA-Accelerated Instrumentation
ςCMP Cache Simulator

ςBranch Predictor Simulator

ωDesign Experiences & Future Work
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BlueSPARC Simulator

ωFull-system HW-based Functional Simulator
ςModels 16-cpu UltraSPARCIII server

ςCan boot OS, run commercial apps

ωVirtualization Techniques
ςHybrid Full-System Simulation

ςMultiprocessor Host Interleaving
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Shared L2 Directory

CMP Cache Model

ωPiranha-like CMP Cache Hierarchy 
ςPrivate L1 I&D Caches

ςSingle Shared L2 Cache (Victim Cache)

ςL1 coherence maintained through directory in L2
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Target Cache Model

ςMultiple concurrent memory refs
ςDirectory for coherence
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Virtualized Cache Model

ςMemory refs serialized
ςParallel L1 accesses for coherence
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Refs

Architecture
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L1 I&D Caches

Cache

Contents

Instruction Caches
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2-way L1 caches

8 ways

8-way L2 cache
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Implementation Details

ωRuns @ 100MHz on BEE2 board

ω2500L of fully parameterized Verilog
ςParameters: # CPUs, L1/L2 dimensions, # ways, etc

ωPurely Functional Model
ςNo timing info

ςOnly tags + status bits stored and updated

ωFPGA Resource Usage(VirtexII Pro 70)

ωLimitations
ςFPGA resource usage dominated by on-chip memory
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64KB L1s- 4MBL2 128KB L1s - 16MBL2

LUTs 7483 (11%) 7277 (11%)

BRAMs 134(40%) 292(89%)


