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representations of program accesses per page
— Coverage-biased (CovP)

— Accuracy-biased (AccP)

* Predict one of the patterns based on current DRAM
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=
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6% average speedup over baseline
with PC-stride @ L1 and SPP @ L2
10% average speedup when

DRAM bandwidth is doubled
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DSPatch: Key Idea

= Simultaneously learn two modulated spatial bit-
pattern representations of program accesses

— Coverage-Biased (CovP)

— Accuracy-Biased (AccP)

* Predict one of the patterns based on current
DRAM bandwidth headroom

Optimize simultaneously for both:
« Significantly higher Coverage
* High Accuracy

e

BW
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. Quantifying Coverage and Accuracy
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Evaluation Methodology

Configuration
= 4 x86 cores @ 4 GHz, 4 wide 000, 224 deep ROB entries
32KB, 8 way Data and Code L1 caches
— PC-stride prefetcher into Data L1
256 KB L2 Cache
— BOP, SPP, SMS, DSPatch evaluated @ L2
2 MB LLC/Core
Memory Configuration
— Single Core evaluations: 1TCh-DDR4-2133MHz
— Multi Core evaluations: 2Ch-DDR4-2133MHz

Workloads

= Single-Core: 75 workloads spanning Cloud, Client, Server, HPC, Sysmark, SPECO6 and SPEC17
= Multi-Core: 42 high-MPKI homogeneous mixes, 75 heterogeneous mixes

i@ . 14
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DSPatch: single-Core Performance
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Standalone DSPatch outperforms SPP and SMS by 1% and 3% respectively
DSPatch+SPP outperforms SPP by 6% on average




DSPatch: Performance Scaling With Bandwidth

~=-BOP —+SMS —+SPP -m-eBOP+SPP -O-DSPatch+SPP

0

o 40%

=

0 359% - -

(2] 0 p 1

© 10

(28] —O0— i :

g 30% - w200 B et

o 1ch-2133 |G sulTTRT SR 100/: :
......... ol |

g 25% - Ol g+ : :

Q .

=) 1ch-1600 i N

Q 20% -+ @ —— —

@)

% 2ch-2133 | 2ch-2400

2ch-1600

£ 15% -

O

Y

| -

& 10% [ [ [ [ I

10 15 20 25 30 35 40
Peak DRAM Bandwidth (GBps)

- DSPatch performance scales well with increase in memory bandwidth In




DSPatch: Mutti-core Performance
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DSPatch: Hardware Storage

Size Per Entry | No. of Entries
(in bytes)

19.75B 1.23 KB
SPT 95B 256 2.375 KB

ol |aeke

DSPatch is an order of magnitude smaller than SMS
and takes only 2/3rd storage of SPP




More In Paper
Design optimizations

= Bit-pattern compression (Reduce storage)
= Multiple triggers per 4KB page (Increase coverage)

Results

* Breakdown of coverage and accuracy of DSPatch
» Performance comparison of ISO-sized adjunct prefetchers
= Contribution of Coverage vs. Accuracy biased patterns
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Dual Spatial Pattern Prefetcher (DSPatch)
= Simultaneously learn two spatial bit-pattern

representations of program accesses per page
— Coverage-biased (CovP)

— Accuracy-biased (AccP)

* Predict one of the patterns based on current DRAM
bandwidth headroom

=

BW

utilization

6% average speedup over baseline
with PC-stride @ L1 and SPP @ L2
10% average speedup when

DRAM bandwidth is doubled

Only 3.6 KB of hardware storage
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Coverage and Accuracy
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Coverage and Accuracy
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