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[’} The Memory Scaling Challenge

 DRAM scaling wall
o Scaling DRAM technologies to sub-20nm is challenging

» Growing imbalance between memory demand and supply

o Increasing memory demand in datacenter applications
o DRAM capacity per core dropping by 30% biannually

» Approaches to break the wall

o Manufacturing advancement for scaling DRAM
o Exploring alternative technologies for DRAM
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» Appealing characteristics in SCMs
o Good scaling ability
o Large capacity
o Low cost per byte
o DRAM-scale latency/bandwidth
O
O

Byte addressability
Data persistence
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* NVDIMM-P primitives .~ ) .
o P, access granularity mismatch (II'ItEJ O PTA N E DC 0))
P,: on-DIMM buffer/controller PERSISTENT MEMORY

P;. read/write asymmetry
P,. costly page fault handling
P;. persistent instructions supported

O O O O

DDR-T (64B)
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* Main design objective

o Minimize cache thrashing penalty build probe
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* Experiment Setup

o App-direct mode
o Pure in-SCM join implementation (cache + SCM)

» Design space exploration

o 23xjoin implementation variants
o 5x NVDIMM-P primitives
o 6x scaling effects (e.g., thread scalability, prefetching)

« Comprehensive evaluation
o 18x synthesized workloads (e.g., zipfian, selectivity)
o Real benchmarks (e.g., TPC-H)
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> PHJs generally outperform NPHJs
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> Late materialization (<key, pointer>) -based join processing
further reinforces PHJ’s superiority against NPH)J
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« Additional experiments & analyses
o Technical report: https://nus.edu/3qglVvjJ
o Source codes: https://github.com/fukien/hashjoin-scm
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