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Projekty Fondu Rozvoje — CESNET

Green computing in Academic Datacenter

* Cil projektu: Jake jsou opravdové moznosti uspory energie
* Realna meéreni v datacentru CERIT-SC Masarykovy Univerzity v Brné
» Uspora energie pro
 CPU
 GPU

e Uloziste

e chlazeni serveru




Kalibrace méreni spotreby

« Jak mérit spotrebu serveru?

* |nterni sensory — IPMI ...
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* Jakjsou presné?
 Bez integrace v case
* Externi merice spotreby -~ .. - .. . 0
* Presné meéreni
* Malé rozliSeni (probléem pro malée odbeéry)

* Sintegraci v ¢ase
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Regulace CPU vykonu

» Vetsina CPU dovoluje ménit frekvence
* Frekvence l spotreba
* Regulace frekvence v Linuxu
e scaling governor

* Powersave
* Performance
e Schedutil
* Schedutil 2GHz



* IDLE

 Busy

» Alternating

Regulace CPU vykonu

(Governor IPMI IPMI Relative | External Source | External Relative
Schedutil 240 Watts 100.0% 254 Watts 100.0%
Powersave | 237 Watts 98.6% 253 Watts 99.6%
Performance | 246 Watts 102.5% 259 Watts 102.0%
GGovernor IPMI IPMI Relative | External Source | External Relative
Schedutil 930 Watts 100.0% 931 Watts 100.0%
Powersave | 349 Watts 37.5% 354 Watts 38.0%
Performance | 930 Watts 100.0% 931 Watts 100.0%
Governor IPMI IPMI Relative | External Source | External Relative
Schedutil 569 Watts 100.0% 586 Watts 100.0%
Powersave | 292 Watts 51.3% 304 Watts 51.9%
Performance | 579 Watts 101.8% 593 Watts 101.2%




Realné aplikace

* Nextflow pipeline

Regulace CPU vykonu

Governor Run Time | Runtime Relative | External Source | External Relative

Schedutil 9.51 Hours 100.0% 478 Watts 100.0%
Schedutil 2G | 16.42 Hours 172.6% 336 Watts 70.3%

Powersave 20.78 Hours 218.5% 318 Watts 66.5%
Performance | 9.64 Hours 101.4% 485 Watts 101.5%

« SPEC CPU2017

Governor Score | Relative Score | External Source | External Relative

Schedutil 323 100.0% 829 Watts 100.0%
Schedutil 2G | 205 63.5% 449 Watts 54.2%

Powersayve 155 48.0% 397 Watts 48.0%
Performance | 321 99.4% 832 Watts 100.4%




Regulace GPU vykonu

* Pouze NVIDIA GPU (jiné nemame k dispozici)
e Dovoluji meénit frekvenci jader a paméti

* nvidia-smi
* |IDLE spotreba pomeérnée vysoka

e 70W na H100 NVL kartée

* Pozor na bézici monitoring karty, zvySuje IDLE spotrebu (dcgm)



 Compute performance

 Power usage

Regulace GPU vykonu

Test type <6251, 1695> | <6251, 210> | <405, 420> | <405, 210>
shab12crypt $6$,
SHAB12 (Unix) 08555 H/s 97201 H/s | 57092 H/s | 26689 H/s
KeePass 1 (AES/Twofish)
wnd KecPass 3 (AES) 97679 H/s 13898 H/s | 27810 H/s | 13897 H/s
Kerberos 5, etype 23,
S RED 035 MH /s 135 MH/s | 271 MH/s | 135 MH/s
7-Zip 231 kH/s 34 kH/s 72 kH /s 34 kH/s

Clocks combination

Mean W tfrom External Sensor

Mean W from Internal Sensor

<6251, 1695>
<6251, 210>
<405, 420>
<405, 210>

527TW
394W
404W
389W

490W
383W
390W
386 W




Regulace chlazeni serveru

* Nekteré servery dovoluji nastavovat profily chlazeni
e Regulace otacek ventilatoru
« Ruzné profily
e Maximalni chlazeni
» \lyvazené chlazeni
o Atd. ...

* Nastaveni krivky otacek ventilatoru



Regulace chlazeni serveru

« Krivky ventilatoru

Fan Speed External Source | External Relative | Avg Fan Speed | Avg CPU Temp
Standard 253 Watts 100.0% 5346 RPM 44.1°C
Delayed Start 251 Watts 99.2% 3780 RPM 54.3°C
Full Speed 470 Watts 185.8% 16423 RPM 38.3°C
* BIOS profily
BIOS Score | Relative Score | External Source | External Relative
Standard 323 100.0% 829 Watts 100.0%
Energy Efficient | 276 85.4% 696 Watts 84.0%




Regulace vykonu disku

* Disky vesmeés regulaci nemaji
e Automatické uspani
e \/ datovych ulozistich — RAID skupinach — neni moc uzite¢né
o Zamereni se na typy RAID konfiguraci
e Mirror — neni naro¢né na CPU
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e Zameéreni se na rychlost CPU a dopad na vykon disku



Regulace vykonu disku

e Testovany distribuované souborove systemy
» GPFS, BeeGFS
 NVME a rotacni disky



 GPFS RAIDG6

e GPFS Mirror

e BeeGFS Mirror

Regulace vykonu disku

Pool setup

Read linear [GB/s]

Write linear |[GB/s|

Active power [Watt]

32 nodes HDD
16 nodes HDD
32 nodes SSD
16 nodes SSD

32.4
17.8
46.9
18.0

34.7
19.1
34.8
12.1

301
322
302
322

Pool setup

Read linear [GB/s]

Write linear |GB/s]

Active power [Watt]

32 nodes HDD
16 nodes HDD
32 nodes SSD
16 nodes SSD

46.8
24.1
48.9
19.4

15.9
9.6
16.4
4.0

272
312
272
319

Pool setup

Read linear |GB/s]

Write linear [GB/s]

Active power |[Watt|

32 nodes HDD
16 nodes HDD
32 nodes SSD
16 nodes SSD

16.9
9.1
18.4
10.6

21.9
11.5
20.2
12.2

282
285
261
285




Zmeny CPU frekvence

 GPFS RAIDG

e GPFS Mirror

Regulace vykonu disku

Pool and Frequency setup

Read linear |[GB/s]

Write linear [GB/s]

Active power [Watt]

HDD 1.5 GHz
SSD 1.5 GHz
HDD 2.0 GHz
SSD 2.0 GHz
HDD 2.8 GHz
SSD 2.8 GHz

35.4
45.8
35.6
46.7
35.1
35.6

33.6
33.3
34.1
34.0
34.8
34.8

303
274
306
287
310
291

Pool and Frequency setup

Read linear

(GB/s|

Write linear [GB/s]

Active power [Watt]

HDD 1.5 GHz
SSD 1.5 GHz
HDD 2.0 GHz
SSD 2.0 GHz
HDD 2.8 GHz
SSD 2.8 GHz

44.5
47.6
45.7
48.7
46.7
48.9

15.2
16.2
15.9
16.2
15.9
16.4

308
303
312
290
313
310




Simulator cen energie

 \/yvinut jednoduchy simulator cen energie — zdroj dat OTE
 Myslenka
« Draha energie — snizime frekvenci CPU &4 sniZzime spotfebu
 Levnéjsi energie — zvysime frekvenci CPU [&d zvySime spotfebu
e Simulator je funkéni, frekvence CPU serveru se méni dle aktualni ceny

e Jen pro demonstracni ucely



Vysledky

* Regulace vykonu (spotreby) funguje
* Je mozné do znac¢né miry regulovat odbér serveru
 GPU je komponenta s nejvyssSi spotrebou

* Moznosti regulace spotfeby omezene



Vysledky

Ekonomické dopady

e Snizeni spotfeby muze usetrit nemalo penéz za energie
« Dusledek
e Snizeni vyuzitelnosti HW
 Cena HW je vyraznée vySSi nez cena energie
« / ekonomického hlediska — regulace spotreby — pouze pokud musime
 Nemame penize na dalSi energil

e Nemame dostatecné chlazeni



Dekuji za pozornost



