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[Abstract]

This paper proposes a novel mechanism called Event-driven Uncore Frequency Scaler (eUFS) to improve
the energy efficiency of the HPC systems. UFS exploits the hardware events such as LAPI (Last-level
Cache Accesses Per Instructions) and CPI (Clock Cycles Per Instruction) to dynamically adjusts the uncore
frequency. Hardware events are collected at a reference time period, and the target uncore frequency is
determined using the collected event and the previous uncore frequency. Experiments with the NPB
benchmarks demonstrate that the eUFS reduces the energy consumption by 6% on average for class C and

D NPB benchmarks while it only increases the execution time by 2% on average.
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I. Introduction
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Fig. 1 CPU Structure

II. Background

1. Uncore
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2. Observation
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Fig. 2. Impact of Uncore Frequency on Execution time
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Fig. 3. Impact of Uncore Frequency on Power saving

2.1. Observation Environment

Table 12 ¥ A7l AHSE ZHY A2 742
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Table 1. Experiment Environment

CPU 2x Intel® Xeon® Gold 5215 CPU @
2.50GHz
DRAM 4x 128G Intel® Optane™ Persistent
Memory
0S CentOS 7.8/ Linux 5.4.83
Hyper-
Threading On
Turbo boost Off
CPU driver acpi-cpufreq
Governor Performance
OMP_NUM_THR 16
EADS

MemoryE BRIt Optane H|2e]:= 22| REg =
sty [16] 128GB DDR4 RAM(8x 16G DDR4 ECC
DIMM@ 2666 Mhz) 2 7jA|2 SRkt CPUS] HE 2
AE= ARSI o, stojy A2 AREsttt. CPU
Cajo]H = acpi-cpufregs AFESIH, CPU 7+
PerformanceS ARESHY Ado] ZFojpt 1.0GHz ~
2.5GHz= A= 4 9lct,

Aldof| AFEEE ]33 2 & 24 NAS Parallel Benchmark
(NPB) [12]2 AREstgich NPB-3.4.1 OpenMPH{A 9]
‘BT, ‘CG’, ‘EP’, ‘FT’, 'LU’, ‘MG, ‘SP’, ‘UA'Z Al2319%)
o0 Cet D Class ¥azt0f tjsl| A2+ 16705 27
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2.2. Uncore Frequency vs Performance
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Figure 3 J2jo= NPB HIX|ot3 &2 9130 Fi}ko]

T}E AJAED A2 AReF vislE HojFEL), 7} qlsio] Fujs
(2.5GHz ~ 1.2GHz)o] T2 2! A 0eFg 2|g) Qo] Zup

22.56HZ)01Me] B4 0TS 71502 Hsteliot

RE NPB WAID 3L AT0) FUA7} g4 HY
£9%0] Y2 % 4 9rk 1S WAIDIRE B4 Ao
Fuppel o) MY 4Reo] 1 Worn, A o) &
T o) of 53% A2 ARo] e o el Eg)

Ch E3t EP WIAofaE A4 Qldo] Zuipd of o
2% A4 07} ZLEI900, Ago] AgE W02
Event-driven Uncore Frequency Scaler A-£0of ot
A 48 87 2wl by de oz selsglrt

AR

5
=

2.4 Possibility of Power Saving with Uncore
Frequency Scaling
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III. The Proposed Scheme

1. Phase Detection with Hardware Events
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Fig. 4. Events when running ‘LU’ benchmark
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2. Uncore Frequency Scaler
Figure 72 Event-driven uncore frequency scaler
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Algorithm 1. eUFS Algorithm

1: loop

2 current_CPI <- measure_CPI()

31 current_LAPI <- measure_LAPI()

4: if current_CPI > past_CPI then

5 if current_LAPI > 1.1 * past_LAPI and
current_LAPI >0.8 then

6: MAX FREQ

7: else

8: INCREASE FREQUENCY

9: else

10: if current_LAPI > 1.1 * past_LAPI and
current_LAPI > 0.8 then

11: INCREASE FREQUENCY

12: else if current_LAPI < 0.8 * past_LAPI then

13: DECREASE FREQUENCY

14: else if current_LAPI < 2 then

15: DECREASE FREQUENCY

A

Measure the LAPI & CPI

API 10% increase &
current_LAPI >0.8

MAX FREQUENCY

INCREASE
FREQUENCY

DECREASE
FREQUENCY

LAPI 50% decrease

A 4

current_LAPI <2

Fig. 8. eUFS flowchart

Algorithm 17} Figure 82 eUFSO] HA|AQl E&HS:
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IV. Experiments

1. Experimental Methodology

Table 12 2 AoA AR ARE AL M2
Hojzot stegfo] 3 HiR|op2 /42 Observation &
oA Arggt Aut sttt

Ao AT EY 0|9 452 FA5HL oHIE fo]
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2. Phase Detection Accuracy

Figure 9 J2jm = =30fA] A|Qtst= Event-driven
Uncore Frequency Scaler(eUFS)E &85t SP, CG,
LU x|} 3.2 A1333he me] CPL, LAPL 9130} Fuj4
g wojzc:
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3. Performance
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4. Power Consumption
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