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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

Figure 12 H@AQl AlH] m2AAQ] LA B
ch. Z2AAE 7] To] S8} iz BEoz 7
o} lt}t. Coredll= Aits @9sk= ALU, FPU 51} L1,
L2 Cache 502 74elo] 9k, ¥ivlo] lzo] Bue
LLC(Last-Level Cache)?} 374 QPI(Quick path
interconnect) Z1EZ2], IMC(Memory Controller)2
gt [13].

ojFl QI meAMdl= 1Y Aol Fubp B I
o-A3ot 3&d 2 FubeE ARSI 12U A=
w Aldio] maAMoA Fofo] 4ef LLCO 377} 57t
1, o AR FEQ] t2e) HEF7T AREHof| what

ol

As0] Kol MA| CPU A HAC] 30% o|A-& AI|5taL
o [17] Jof mepA A2 ARgfe FRp 7tk 9

of [18, 19]. WebA QIE stA< Ulo] A 2ol [HIAE Al
Aoz 30, 30 Fupp kHQlo] FojE|of FPAC
2 ART 4 o d309 A Argtg TAAF]7]
Yol QU] CPUOl= UFS 7]&o] EAElo] Qlot. shx|gt
UFS 7122 ojZejfolde] t watol] ojsh 5740l
WSS six] 28] A2 Tol-lie] Fupag Hgstol
£5 At 2 A2 dulg 7hsol ok o] R
= MSR(Model Specific Register)S £35f AAg 4 9l
O msr-safe BEZ ARS AT & Qlot [20].

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
Hoj&t 2719 Intel Xeon Gold 5215 (Cascade OFo] =2
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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 A}2319%
O Cet D Class ¥3zt0f tjsl| A2+ 16715 27
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2.2. Uncore Frequency vs Performance
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2.3 Uncore Frequency vs Power Saving
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2.4 Possibility of Power Saving with Uncore
Frequency Scaling
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3. Limitation of Prior Works
Figure 4= ‘LU’ "Ix]u}3.S Alsisie o CPI (Clock
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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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o]l “2.5GHz, 2.3GHz, 2.1GHz, 1.9GHz, 1.7GHz, 1.5GHz,
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OoMIEE Fgrst1 =21 9370l Fuk(Target Uncore
Frequency)& 27ttt Q130] Fupas 275H7] Sk
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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:
Aot @A) Ho]=o] CPIe} LAPIS F|§tsto] atr o
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gict S Ho]=0] CPIQ} LAPIZ Z|3tsto] 2t Mo~
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greF §19] 2o Ex; Fo] FukrE FIMIZIA|
k=t LAPIZL o] mjo]=of u]al 20% st &
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x| FukpEct §F O W2 o ARt

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]
BE FEst7] Hall. Perf toolE AREIICE 3T T
AlARIS] 29 mRufidd HojEg a4dsto] 4 H 6
Mg 7H55HES Shot LAPIS AlAksH | sl Perf7 A|
I5H= A5 A|® % cache-reference, Instructions &
ARgsITE CPUCQ| Hat A3 At A& o|x] A%
T Perf7} Al5ste AR % energy-pkgES ARESHO]

S7gatict.

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 uofzct
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3. Performance
Figure 101} Figure 1104 Aft 72T C, D classo]|
sl ZF NPB Hlix|op=of] tiigt ASjAE 571582 Hojet.
do] Ag}elofl A= CPU 7HHU S Performance gz A
Astol] Qo] ukavt M AE02 MYHES sttt
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