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e We present TLP, a scheme combining Off-Chip Prediction and L1D
Prefetch Filtering leveraging two perception predictors.

o TLP performs accurate Off-Chip Prediction and L1D Prefetch Fil-
tering leveraging features (physical/virtual addresses, etc.).

3.A. DRAM Transactions 3.B. Analysis of Hermes Predictions

e Within a multi-core scenario, Hermes increases |[ ¢ 42 2% of Hermes’ off-chip predictions are wrong.

DRAM tra.nsa.c’.clons by é.O fo. e Selectively delaying Hermes off-chip predictions
e Hermes significantly increases the number of until the L1D lookup is resolved can reduce the
DRAM accesses, especially for graph workloads. number of useless DRAM transactions.
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e TLP is the first proposal targeting Off-Chip Prediction and Prefetch
Filtering using an hardware Multi-Level Perceptron.
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e Workloads load caches, approx. 80% latency from DRAM.

o Off-Chip Prediction (Hermes|1]| and LP[2]|) addresses high-
latency load requests.
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e Prefetch Filtering (PPF) balances miss coverage and accuracy.

- Solution to Address Useless DRAM Transactions

5.A. The Two Level Perceptron (TLP) Predictor

Conf < Tprefe

Discard prefetch

-che Behavior of Modern Workloads

e Measuring MPKI in the L1D, L2C, and LLC.
— These caches have MPKIs of 45.0, 34.1, and 15.6, respectively.

e A large portion of large working set load requests miss caches. |_1 D e SLP Conf >= Toreq
—34.7 % of L1D misses eventually lead to a DRAM access. Pref o
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Connection between the FLP and SLP
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5.C. Features and Hardware Budget

e Of the inaccurate prefetch requests, L2C serves 18.2%, LLC serves
3.8%, and DRAM serves 78%

e Off-chip prediction can aid creating an effective L1D prefetch filter.

o TLP provides a Layered Perceptron design, as it connects the FLP and the SLP.
e FLP and SLP rely on the following features to build predictions:

— PC & cacheline offset — PC + first access — Last-4 load PCs
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e In total, TLP requires 6.98 KB of storage.

—FLP requires 3.21 KB of storage for its prediction tables, SLP requires 3.28 KB for its prediction tables as
SLP leverages an additional feature connecting it to the FLP.

—0.48 KB to store additional metadata in the LQ entries and in the L1D MSHR entries.
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Evaluation outcome

e In the multi-core context, using the IPCP prefetcher, TLP outperforms PPF, Hermes, and Hermes+PPF.
TLP: 11.5%, PPF: -3.3%, Hermes: 3.0%, Hermes+PPF: -0.5%

o TLP significantly reduces DRAM transactions over the baseline while other techniques increase it. TLP:
-17.7%, PPF: 6.5%, Hermes: 6.0%, Hermes+PPF: 13.4%

e Over a range of realistic DRAM bandwidth allocation (1.6 to 6.4 GB/s per core), TLP outperforms PPF,
Hermes, and Hermes+PPF. Even in unrealistic scenarios, TLP outperforms Hermes and PPF.

Instructions (PPKI)

Prefetches Per Kilo

S
|

thodology

e ChampSim simulator modeling a Cascade Lake microarchitecture.
e The baseline uses prefetchers (L1D: IPCP|3]/Berti|[4], L2C: SPP).
e Workloads: 24 SPEC CPU and 31 GAP (LLC MPKI > 1).

e Similarly, in the single-core context, TLP outperforms all the alternative techniques.

e Finally, when evaluating TLP using the Berti prefetcher, TLP outperformrs the alternative techniques.

Alternative Techniques

e PPF

e Hermes e Hermes+PPF
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