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Memory latency = func(Used memory bandwidth)

2

B. L. Jacob. The memory system: You can’t avoid it, you can’t ignore it, you can’t fake it.
Synthesis Lectures on Computer Architecture, 2009.
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Memory stress (Mess) benchmark
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• Connecting the dots
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• Why? 
• Honest answer: We do not know

• Preliminary analysis: Row-buffer miss 
rate increases 

• Other hypotheses: 
• Back-pressure, some queues get full

• Memory device throttling 



What about the 
memory simulators? 
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ZSim
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gem5
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Why so large simulation errors? 
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• Honest answer: We do not know

• Currently exploring sources of error:
• Memory simulators design

• Row buffer statistics

• Interfaces: CPU sim →Memory sim
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Ramulator: ZSim vs. Trace-driven
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• Does not imply ok performance

Memory Simulator X

Simulator X
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• Implies nothing for
DDR5, LPx, GDDRx, or HBMx



Large simulation errors: Simulator setup? 
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• We are (not me!) skilled users of the simulators under study
• If you do not trust me, I have a back-up slide ;-) 

• Work presented in the paper: Typical use-case
• Find all info about the simulator installation and setup: papers, git, manuals, blogs, …

• Unless we had major issues, we asked no support from simulator developers 

• We did not get the most out of these simulators yet!



Large simulation errors: Simulator setup? 
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• Ongoing work
• Contact simulator developers: DRAMSim3, DRAMSys, gem5 (main branch), Ramulator /2

• Can we figure out together what are the performance issues?
• Back-up slide: Preliminary nice story
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• Ongoing work
• Contact simulator developers: DRAMSim3, DRAMSys, gem5 (main branch), Ramulator /2

• Can we figure out together what are the performance issues?
• Back-up slide: Preliminary nice story

• My dream 
• Be here next year (workshop?) to present the results and experiences  
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Should we rethink the memory simulation?

• Step back: The main purpose of the memory simulator



Should we rethink the memory simulation?
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If our objective is to simulate 

why don’t we use 
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• Zsim vs. Actual Intel Skylake. 24 cores with 6x DDR4-2666. 

• Zsim memory models
• Fixed latency

• M/D/1 queue            

• Internal DDR

• DRAMsim3

• Ramulator

• Mess

• Memory-intensive benchmarks 
• STREAM: copy, scale, add, triad

• LMbench

• Google multichase
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• Zsim vs. Actual Intel Skylake. 24 cores with 6x DDR4-2666. 

• Zsim memory models
• Fixed latency

• M/D/1 queue            

• Internal DDR

• DRAMsim3

• Ramulator

• Mess

• Gem5 evaluation: Mess            3% error

• Memory-intensive benchmarks 
• STREAM: copy, scale, add, triad

• LMbench

• Google multichase

1.3% error
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Mess Simulator: CXL Memory Expander
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• Mess simulation possible as soon as the bandwidth-latency curves are available
• Measured on the actual hardware: Amazon cloud, Alibaba cloud, …  

• Provided by device manufacturers
• Bandwidth-latency curves give us everything we need; expose nothing delicate or confidential

• Example: Micron’s SystemC model of CXL memory expander 



Application memory-related profiling
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24-core Intel Skylake CPU with 6x DDR4-2666.
HPCG. Sampling frequency: 10 ms.

• → Paper & Poster
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• Mess framework is publicly-released and ready to be used by the community
• Keep adding material: Actual CXL memory expanders
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• Mess framework is publicly-released and ready to be used by the community
• Keep adding material: Actual CXL memory expanders

• Mess simulation possible as soon as the bandwidth-latency curves are available

• Significant uptake by the community
• Discussing benchmarking and integration

• DRAMsim3, DRAMSys

• gem5, gems, ChampSim

• (Cache-aware) Roofline
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• Email: 
• pouya.esmaili@bsc.es

• petar.radojkovic@bsc.es

• @MICRO-57
• Anytime  

• Poster session: Tue, 11-12h   

mailto:Pouya.esmaili@bsc.es
mailto:Pouya.esmaili@bsc.es
mailto:Petar.Radojkovic@bsc.es
mailto:Petar.Radojkovic@bsc.es


Thank you!

petar.radojkovic@bsc.es

mailto:petar.radojkovic@bsc.es
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• Skilled users: 
• Zsim@BSC: 7-year experience. Zsim+DRAMSim2/3 interfaces with U. Maryland. 

• gem5 @ BSC: Arm CoE, European Processor Initiative 

• We knew that one day we will present these charts → Very, very tedious setup
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• Panel discussion at MEMSYS 2024
• Bruce Jacob Re:DRAMsim3

“Did you try DRAMsim2? 
It should be much better.”

Actual Intel Sandy Bridge with 6xDDR3-1600DRAMSim2. Trace-driven. 6xDDR3-1600
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