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Analytics Rely on DRAM for Performance

CPU: 48 cores, 1 socket
DRAM: 253 GB/s
Sequential access: 32 GB array, 8-byte integers
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Bottleneck: Memory Bandwidth

CXL Adds Memory Bandwidth from PCle
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DRAM: 253 GB/s

CXL: 41 GB/s A

CXL PCle link layer

 Bandwidth scales with PCle generations
* Performance differs from local DRAM
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CXL Memory Expander

Heterogeneity Requires New Allocation Model
Performance Improvement from CXL

CPU: 48 cores, 1 socket

DRAM: 253 GB/s

CXL: 41 GB/s

Sequential access: 32 GB array, 8-byte integers
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DRAM latency > CXL latency:
111 ns + bandwidth-bound stall > 230 ns &
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Interleaving CXL Reduces Bandwidth Stalls

Bandwidth-Per-Core Improvement is Stagnating
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* # chips per channel — signal integrity
* # channels per socket — pin budget
 Bandwidth/pin — DDR interconnect
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Additional Source of Bandwidth is Needed

Weighted Heterogeneous Memory Interleaving

OS allocation policy
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DRAM:CXL at 19:1

DRAM: 253 GB/s
CXL: 41 GB/s

* Avoid software modification
* Adjust to difference in bandwidths
* Maximize system bandwidth

CXL as Another Memory Channel

Transparent Interleaving Degrades Performance

CPU: 48 cores, 1 socket
DRAM: 253 GB/s
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* Latency-critical memory on CXL c
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Latency- and Bandwidth- Awareness is Needed

CPU: 48 cores, 1 socket
DRAM: 126 GB/s (SNC-2) BN DRAM BN CXL
CXL: 41 GB/s £ 1.50
Radix partitioning: 16 GB array, 8-byte integers &
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e Read-write ratio moves towards more
writes
e Store-bound stalls |

Optimal Interleaving Weights Vary by up to 88%

CPU: 48 cores, 1 socket . = peak DRAM

DRAM: 253 GB/s B DRAM SIMD
CXL: 41 GB/s

B DRAM:CXL SIMD
DRAM Scalar

Bl DRAM:CXL Scalar

Sequential access: 32 GB array, 2 300
8-byte integers g 250
£ 200
h o 150

° 1 . =
Aggre§5|ve pr§fetc g 5 100

* SIMD Instructions =
* Hyper-threading _g 50

= O Hyper-Threads ¢

1 8 16 24 32 40 48 56 64 72 80 88 96
Number of cores

Poor MLP Diminishes Gains from 10% to 1%



