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Vision: Understand performance, power, and energy properties of modern processors and recommend best-practices

Improve Execution-Cache-Memory (ECM) Performance Model ' Quantitative Power Model "'

» Separate general principles and microarchitecture-dependent behavior
into general ECM model and ECM machine models
* Model additional hardware designs
* Write-through caches
e Streaming stores
Cluster on Die mode
 Separate frequency domains

* Victim caches

* Partially and fully overlaping
data transfers

* Dynamic Uncore frequency

Quantitative power estimate s.t. active core count, CPU core and Uncore
frequencies for arbitrary scalable and saturating steady-state codes

* Full chip power given by sum of baseline and aggregate core power
Pchip(fUncorey fcorea 5n) — Pbase(fUncore) + nPcore(fcorm 5n)

* Baseline power depends on processor’s Uncore frequency

e Devise machine models for Phase (funcore) = PE¥° 4 PP funcore + P2 fE o
* |ntel Haswell- and Broadwell-EP ¢ Intel Skylake-SP
 |IBM POWERS * AMD Zen (Ryzen, Epyc) * Per-core power depends on CPU core frequency, code scalability

* Reduce ECM model error near the saturation point
by an order of magnitude

selected examples

Pcore(fcorea En) — (pf)ore

Model setup

1. Derive baseline power s.t. Uncore freq.

Regular vs. streaming stores Variable Uncore frequency

Schoénauer triad on E5-2697 v4 * Impacts L2-L3 bandwidth
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2. Fit baseline power parameters
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* Validated on Intel Sandy and Ivy Bridge, Haswell, Broadwell, AMD Zen

3. Derive core power contribution from
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u(n) = min (1, ) with T}, = u(n — 1)(n — 1)pg

Derived Energy Model !

An analytic energy model can be derived by combining the
ECM model estimate IIgcy and the power model estimate Fenip

Model validation
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