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Fast Analytics Demands Memory NVMe Requires New Caching Policies

High-bandwidth Storage → Opportunity for Better Caching  

Match Scan Time to Processing Time Match Processing Time for In-Memory and On-Storage inputs

Cache Less Data for the Same Performance Caching without Query-Info Wastes Performance 

Constrained Memory Budgets Determine Pipeline Throughput at Runtime

Predict In-Memory Performance for Any Data PlacementCache Data to Minimize Workload Execution Time

~10-100s GB/s

NVMe

Execution time = max(
𝑑𝑎𝑡𝑎 𝑜𝑛 𝑠𝑡𝑜𝑟𝑎𝑔𝑒

𝑆𝐵𝑊
,
𝑑𝑎𝑡𝑎 𝑖𝑛𝑚𝑒𝑚𝑜𝑟𝑦

𝑀𝐵𝑊
,
𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 𝑠𝑖𝑧𝑒

𝑃𝐵𝑊
)

Observe pipeline invocation time
• Derive good estimate of in-memory execution time
• Mostly independent of current data placement

~100s GB/s
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2x 12-core Xeon Skylake 5118 
4x (NVMe, PCIe 3 x8)

SSB1000 Q1.1 x10 & Q3.1 x1
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Need Efficient Memory Use to Scale to Large Datasets
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Query

In-Memory 48GB Memory Budget 96GB Memory Budget

2x 12-core Xeon Skylake 5118 
4x (NVMe, PCIe 3 x8)

SSB1000
96GB working set

Disk and Memory Pages Memory Pages

Estimate in-memory time

Load data from disk

Data already in cache

Estimate NVMe time

Pipeline
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Cache Size (GB)

HPCache

LRU

MRU

2x 12-core Xeon Skylake 5118 
4x (NVMe, PCIe 3 x8)

25GB cache budget
SSB1000 Q2.2

2x 12-core Xeon Skylake 5118 
4x (NVMe, PCIe 3 x8)

SSB1000 run sequentially

4x less memory use

0

10

20

30

40

50

60

70

10 20 40 60 80 100 120

Ex
ec

u
ti

o
n

 T
im

e 
(s

)

Memory Budget

I/O bound then compute bound Compute bound then I/O bound

Wasted memory

Memory 
Capacity

Improved Memory Efficiency Accurate Runtime Performance Predictions

75% Less Memory Use Through Proportional Caching Average Prediction Within 15% Through Runtime Prediction
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