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Agile performance evaluation roadmap
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Agenda

• Background and motivation

• Emerging RTL cores/SoCs

• Lack of checkpoint and sampling support

• Current infrastructures

• Cross-platform checkpoint format

• Ongoing works

• Functional warmup
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Opportunities and challenges

• Emerging open source cores/SoCs in RTL (Chisel, Verilog)

• Enable agile prototyping

• Enable researchers to produce solid results on performance, area, and timing

• RTL emulation software is slow: 7+ years to complete SPEC2017.imagick

• With FPGA, it is still slow: 5~30 days to finish the SPECCPU 2006/2017 

benchmarks with one FPGA.

• 5~30 days is still too long for performance iteration

• Cloud FPGA cannot accommodate large cores (we use vu19p for single-core Xiangshan)

• More FPGAs → more costs

→ Can we enable sampling?
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Sampling methods
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Sampling methods in research community

• Checkpoints: SimPoint

• Requires checkpoint support

• Fast-forwarding: SMARTS

• Requires functional warmup to 

speed up

• Virtualized fast-forwarding: 

CoolSim, DELOREAN

• Faster than SMARTS

• Requires (statistical) functional 

warmup to speed up

Registers Memory

Detail modelFast model with functional structures

With functional warmup

Architectural states

 L2 cache  L3 cacheMicro-Architectural states

Registers Memory

Detail modelFast model

Only transfer architectural states

Architectural states
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Our checkpoint format

• A generic checkpoint format (GCPT) bridges fragmented parts

1. NEMU is a functional simulator developed by Yu Zihao, which runs at 300 MIPS~1GIPS.

2. GCPT is theoretically compatible with FPGA. But we have not test it on FPGA.
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How is GCPT restored

• GCPT restorer is a piece of 
assembly code of RISC-V

• The restorer checks GCPT flags 
and jump to different area 
accordingly
• Restoring: restores the checkpointed arch 

state, jump to continue user process

• Cold boot: jump to BBL

• Minor modification on hardware
• ~200 LoC on GEM5

• The only assumption is that 
machines share the same address 
space

BBL

Linux

0x80000000

GCPT Restorer

Linux

0x80000000

BBL

GCPT Flag

Register CPTs

0x800a0000

User Application

User Application
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Current applications of NEMU+GCPT
- Shotgun

• Shotgun method (The name is inspired by DNA sequencing)

• Break the whole program into chunks

• Generate checkpoints with fast models (NEMU)

• Run detail models in parallel

• Reduce the time to gather “ground truth performance”
• Fake ground truth: limited warmup length
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Current applications of NEMU+GCPT
- SimPoint on Verilator

• Performance estimation using 
SimPoint for Xiangshan core

• 3~14 days to finish a 100M 
simulation point with 1 core
• 14 days for mcf because very 

low IPC (0.1x)
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SimPoint – profiling and taking checkpoints
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SimPoint – profiling and taking checkpoints
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Contradiction on warmup length

• Current warmup length (50M) is too short for accuracy
• Some applications need more than 1G warmup

• Discussed in BLRL (The Computer Journal, 2005); Elfies (CGO, 2021)

• Current warmup length is too long for speed
• Two weeks to simulate 100 M instructions of mcf

→ For both accuracy and speed, we must speed up warmup

→ Functional warmup


