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SUMMARY

1. Title

Technological Review and Policy Recommendations for Server Energy

Efficiency Enhancement

2. Objective and Importance of Research

With the rapid advancement of Artificial Intelligence (AD and cloud
technology, along with the digital transformation era, the amount of data is
explosively increasing, leading to a growing demand for computing.
Consequently, the importance of data centers and servers is increasing day by
day. The operation of these data centers consumes a considerable amount of
energy, resulting not only in increased costs but also in negative
environmental impacts. Therefore, in order to reduce the energy consumption
of data centers, countries and organizations are achieving some results by
focusing on energy savings in non ICT related elements such as data center
cooling systems. However, relatively little attention has been paid to the
power efficiency of ICT equipment itself.

On the other hand, advanced countries such as the United States, Europe,
Japan, and China are implementing certifications and regulations that consider the
energy efficiency of servers under government leadership. However, in South
Korea, the situation lacks such institutional measures, prompting the need to
devise measures for the introduction of regulations that conform to international

standards for evaluating and certifying the energy efficiency of servers.



3. Contents and Scope of the Research

In this study, we analyze exemplary cases through an investigation of
domestic and international trends in server energy efficiency-related
industries, standards, and technologies, as well as developed countries’ server
energy efficiency certification systems (Chapter 2). Furthermore, based on
the surveyed server energy efficiency measurement technologies, we directly
conduct server energy efficiency tests and verify the validity of the tests
through the analysis of results related to key equipment (Chapter 3). Building
on the surveyed results, we propose policy and institutional strategies, such as
reducing power consumption in domestically adopted data center servers and
establishing a “Server Energy Efficiency Assurance Guide“ for domestic
low-power infrastructure providers/consumers, which could be one approach

to achieving digital carbon neutrality (Chapter 4).

4. Research Results

In Chapter 2, we examined the trends in domestic and international server
energy standards, technologies, industries, and certification systems. Notable
standards related to server energy efficiency include the international ISO/IEC
standards ISO/IEC 21836:2020 “Data Center Server Energy Efficiency Metrics,”
ISO/IEC 30134-4 ITEEsv (IT Equipment Energy Efficiency for servers) “IT
Equipment Energy Efficiency for Servers,” and the TTA standards
TTAK.KO-09.0096 “Server Power Consumption Efficiency Metrics® and
TTAK.KO-10.0764 “Data Center Energy Efficiency Performance Indicators
(Servers).” Additionally, we surveyed the status of server energy efficiency
rating tools and analyzed the server energy certification systems of developed

countries, including the United States, European Union (EU), Japan, and China.

- Xii -



In the case of South Korea, we analyzed the energy certification systems for
servers and data centers.

Based on the research findings, we examined exemplary cases of utilizing
server energy efficiency rating tools, such as the SERT v2.0 (Server Energy
Rating Tool) used for ENERGY STAR’s enterprise server product energy
efficiency evaluation, and explored international collaboration relationships.
We also collected interview responses from industry practitioners, including
representatives from server manufacturers and data center operators, to
derive their insights.

In Chapter 3, we directly conducted energy efficiency tests on major
domestic and international server products (3 types) using SERT v2.0, which is
utilized for ENERGY STAR’s enterprise server product energy efficiency
evaluation. Furthermore, we demonstrated the technical validity of server
energy efficiency testing and presented the need for domestic adoption of
this validation technology through test methods and result analysis.

Chapter 4 presents policy and institutional challenges for securing energy
efficiency in domestic server products, supporting businesses, and activating a
circular ecosystem for energy efficiency based on the results of analyzed
server energy efficiency-related standards, technologies, major benchmark
tools, exemplary cases of server energy certification in advanced countries,

and interviews with industry practitioners.

5. Policy Suggestions for Practical Use

The findings of this study can be utilized not only to understand the latest
trends in domestic and international policies related to securing server energy
efficiency and reducing carbon emissions from ICT equipment but also as

foundational data for securing carbon neutrality competitiveness in the

- Xiii -



government and private sectors and enhancing the international

competitiveness of domestically produced server products.

6. Expectations

The findings of this study can anticipate not only policy implications but
also societal and economic contributions and positive ripple effects in related
fields. Through the analysis of the latest trends in domestic and international
server energy efficiency certification systems and technologies, it is possible
to explore solutions for improving carbon neutrality in ICT products.
Additionally, the results of server energy efficiency pilot tests and test guide
materials can be utilized as reference materials for evaluating the energy
efficiency of domestic server products and estimating total ownership costs

and energy scale from the perspective of ICT service operators.
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ITZH oz &84, TTAKKO-09.0096 AW Ax A¥Y & =4 A X,
TTAK.KO-10.0764 dlolE|AlE] oA && A AZRKH)ZE AW o=
& 9 dxd mFEot = AW duA B84 A =7 IS
=

r {
ol
2

ARt FaTo] AW AR JASAEE BA35t7] 98] v, FHED),
dE, T3S AAstd A FA AW dyA E&4 ASA = dish
AT AR &S HtE o ® AW oy JIFAE &89 - A<l

24 Wt =7 B8 A 2 24 99 WA 5L
A ET, ma, Fuo A A FAR o AAE 98 AW Az
9 AW A UEAA 54 dolEHAH AA FANE o
AN A4 g AHE FHse] AANHE EEUT

3o A= wl= ENERGY STARS] 718 AW AF oA &&4d H7}ol

rO

A2-E]&= SERT v2.0Server Energy Rating TooDE &-83] ZWe F8 Ay
AF oA &4 H2EE A s, H2E Uy 2 H2E A

245 3 AW A 584 H2ES Ve FEAS AT =37,
Ar oldA 284 A5 7€ sl =Y ¥eS AEIH

4= A A7 AW ol| A 284 BE EF, Ve, T2 WA=
=, A= AW ol| A JASA S Ak 9 BE A F
o AT 2AE Fall, I AW AlFe duA £&4 FH 8 Y A,
tobzk oA && FEE AT Aed AHA 243E AT
7 FHAE AR



R 2% 2 o M oX| BE Ol A S
AZH) g

2 ZoAde gAE Ay g4 wlE Az 3 5l OAL(CT) AHl 48 E

okg sl AW AFE olUA Eg BY UYY RE, J1E] B
593 v=, £9, YB, 23 5o B A4 APl ojs) AT
w3, dge) A R AFEFARE AR AA A 5L
2Ab R4 Bk,

A1d FHY MY A £& Bdd EF FE

ISO A RES7]ITolA AGg HolEAEA et AW oA Z&A4
=4 A 3Eo g FEF2 ISO/IEC 21836:2020(Information technology—Data
Centres—Server energy effectiveness metric), ISO/IEC
30134-4:2017(Information technology—Data Centres—Key Performance
indicators—Part 4: IT Equipment Energy Efficiency for servers(ITEEsv))=
AR Advk. TTANA  AAT AW o= T84 dd EF
TTAK.KO-09.0096(AH 4= M8 8& A4 A 3F), TTAKKO-10.0764(H o EAH
AqA & Ade Ax - A)E AAEHS] Joh. Fule] dH BFAAAE
WA eta s E75 &85t AW odufr 284S S4ske Wl dis)
o7 glom, o] AW ouiA] B84 dd FS ot o Zh

rlo

CE 2-1> 2UQ| M ofX| &8 B EZ

EE9 TE &
S5 A AA 9 P40 AF oA BEHE 2] 9
SOMEC | Ly | @ A8 AuA Bed A% 2 34 PHe Aow we
21836 -SERTV2 HIEY =& 732 A4 WEYS B3 34 2 457
Aol AE AM oA B84 24 9 4F Wl AN




=E9 T# w-e
- dlolE e o] Aol e IT gul £&4 AE @ 27 Wy
ISO/IEC & AP B

301344 | | - SERT, SPECpower ssj2008, LINPACK WlA|r}2 £ 75 #83
A% 4 W AA

- gdzE, BHols, gEeE AME Ad v gE A
TIAKKO-0 | 0 | & 588 4g3ic gue 3% %2
9.0096 - SERT W E2& S8kl 2g] 5t uhel AW 22 Y &

&5 AAss W A

- ol AE Y HdAuel tE ouA Bee A A%
24 A% 9 24 PES RT EF

L

TTAK.KO-1 21
0.0764 - APP, LINPACK, SPECpower_ssj2008 Wlxn}3 =35 383k
HdMHe] Ao 45 A AA

1. ISO/IEC 21836:2020

ISO FAFEE37| oA AAZ  ISO/IEC  21836:2020(Information

3T =% 0O Ezq

technology—Data Centres—Server energy effectiveness metric) 22 &
A AA B A g oA E&48S 5] A% MM oA &&4
A % (SEEM, Server energy effectiveness metric) @ =4 ¥l s oEoh.
SEEM SPECM(Standard Performance Evaluation Corporation)oll A 7] &&}<d
ZAFQ dFe®E dy AYEo] FEHI Jv oUA E&A Ax 9
H~E W<l SERT2)(Server Efficiency Rating Tool)S 7|Hto.2 AHA FH AT
FFNA SEEMS A& o] He AME flazHolAd, MUE
HES A & 7s R HAFE MBEE AlFsty] flgk CPU, wxg,
2Eg A, PSU, A ¥ /02 748 ECZA A" FUlo=E Aot
SEEM A4 & flsi o Aol wel SERTv2 MIEY & 2 8-38t7 4 SERTv2

AFE E

A

A Mool A
=]

2to| M &

il
1o
x 0
mjo
okl
J
5 3
N

1) SPEC(Standard Performance Evaluation Corporation) : ZARE AlAH

3H BEsIE #HXot3et =75 MHA, §X ¥ XX|sks H|YGe| @Iz,
|8l #IX|of3 A IE(sulte)% JHerstod sl J|a 2 chE H#ix

A2RE MEE ZAIE HESHT AAlS

2) SERT(Server Efficiency Rating Tool) : Z&FEl Mol olHx| 2842 HIlst| sl

ClolefE +Zlotn oH 284 XEE A8ste M5 B4 &

B

|
[ot

=]
Rl
o om

| 3
AlAEIE 2

\ma

B[}
0



HEHS A8 £ gl A HEE AHA4 2 FdIe FEA
A4 (implementer-specified) M E¥-& & &3ttt SERTV2 T+ 73 A4
HEHS E3) AW &4 Aej(active state) == #F AH(idle state)el
g 54 Ax 9@ FEe A 9 Fdes dAx @ a4 diE)
Aot Aok SERTv2 HWEZHS A&ste &4 e oduA asAds
At 4% SERTv2 WEH A A3 SERT CPU, Wl=g, 2E2A 24
F3hworkload)2} Zt Y2 =o] =E3A A (worklet)oll e =4 oL
-

M

FA S B @S 4bEslofr gt 3 E4 AH ARE SAHS A= Ad
7Fsdlor stH, 5F #389 Aol ATFFHAY E3FE A gkojok i)
yHo g ZHo] B3t FEL YA FF FEHA i AyA B&4
Z=Ho] QA3 A9, SERTV2 WEZHS AL3 A= SERTv2 H =4
Ao A AT F = FF dHe A AnFS S8 # . A

2ES Z2AH3E Ay B9 A$, SPECOA TEldts AA $old A

7}. SEEM®] A& 7154

SEEMS SERTV2 WIEYS B3] RE AFH Ao 2AL&d 5+ YA,
SERTV2 WIEYLE MW7l AUZ gt A oz ag&4ds HgstA
54 2 9rte F Ade AW {FZdT H8eEsE Adgsta Ak SERTv27}
AFe e AAEA GAAY AW dux Zg&4e HAsA A o
B ¢ Qe 2U0E Udd AME AT EE AW SERTV2 J&<
53 SEEM =#o] 7}es3lth. SERTv2 WEY &S S SEEM =Ho)
oy & An 3o thsiAdE SERTV2E tiAlslr] 3 B2 WiHo=
2+ A A (implementer-specified) MIEY 2 =4 dE& 7dsta oS
283 F U A A WEHLS ZFA A7 LA ot SA
o] A&HE AW KIS Aok Tt

rlr

rBL

ey

g



1) SERTV2 HEYS H§ 7

SERTV2 HWEZo] AF3=s HARHA LAY AWM ouix 28485
HAHeA 24 L PG 5 Qe 2002 Ugdd A E A3 BE A
SERTV2 WIEY &L F3 SEEM =74 7bs3tth SERTv2 WEH<]

Ago] AstA e AW =Ae e 2ok

(1) 8GB vlgke] Al~®l wixe] MAAu 21U

(2) SERTV2 4 A2d Wy 7150 2 A28 vrg] dxjuk 243
(3) 64-bit CPU7} ZF=A] &5

(4) 470 old9) CPU &Alo] X3

(5) SERTV2 WEZA x| UstA] ¢k= CPU o7|ElA 72 CPUE 23
(6)

6) T53HA B4kE w2 A memory population, W= AEd¥ 2 CPU & DIMM &

]

d

#3) & AU3A %
(7) DC A4 BF AAZ% Dol 9l
] 3%

(8) A+ #3FE|(quantum computer)

N

o O

SERTv2 WEY Zhgo] At &2 Awe 2o & WA 8GB | THe]
Azl wRE AAT Addte AgolH, e o ® SERTVZ HA A2H
HEE Z7|Ro e Alsd R HXTns Adste Afolth BE
ez Aade Hix e FUI DIMMI SERT HIAEo sk i
SFRT IAY 2E F A2E WEY §F0F FUSA AAE glojok
3tH, SERTv29] HA A" w2 A7|= oty T2 = 4EHrh

SERTv2 MinimumSystem Memory Size = 2GB + 496 MB X System Threads
Z1BHo 7 HQe3 26Bo Wl Eg o] A2l ~# =(System Threads)d
Ot o 24 SERTV2S HA Al2H wlEE] I7]E A&,

‘1
el g Ax" 2EEs otel) s Fell AT

System Threads
= #o0f CPUs X #ofcoresper CPU X #of hardware threads per cove

_‘IO_



Aol X" CPUS 9 CPU B Fo9 <, ZF FZojd =]
2~d = (hardware threads Estaz}l st AH
T80l olHdd LTFAEE FFIA QoW SERTv27E dlE AW oA
st e s AAEA ¥ AHolH, dd AW FAHMAE HAEE IPS
T flth. Aol A 64-bit CPUE AU3HA AU 47 ]2 CPU &AS R
T4E AFolE H2EE JFT 5 gloh. SERTv2 HIZE W oA 231
% CPU oM719lA F/F9] CPUZE Z23H e AfdE dqT + gl
753 B4td wRE JAES AYsA gAY ACZE ofd DC HY F
ARG o] AVtEE FH o AR H2E ZH&o] HFsA &

g A AFEC W H2E Wd: A§etA] etk SERTv2 HEH

=
e F oA 5gd SAol APetA de A z=de e 2ok

IS
ol
i
]
p‘ﬂ
2
g
e
e
v}
i}
[>

ul

o

)
) 2EZA AEFT

7) Beols 2EgRA AFFE
) D e WESH T A

SERTV2 MIEY H&& Tl ouA 284 SH AdstA &2 o=
HA sy o)4de] B3 APA(Auxiliary Processing Accelerator)7t &
AgHE A Aot 14% HAF®E  Al2"l(high-performance
computing systems)?l A%olx= SERTv2 WEZHS 53 oduyx &EA
ZHo] H3slA goh. s WA (fully fault tolerant) AW A $-o=
AR ZE&A SAHol HFskA Foh R AW daiAE =] &a&

Sl HgtetA Foh AW ofEgtold 2 AFT o SERTV2 WIEH S FF

AqA 'EE&EAH FAo AFsHA ¥ 2EYA AFT Ee EdolE

_‘I‘I_



2EZA AFFo g duxA &84 SHE HFsHA ¢, udE
HWESZ AuQl A% SERTv2 WEHES HE3to oz agde
ZAHste A2 AgstA ¥

ISO/IEC 21836:2020 FEFolAl= F& A(Annex A)E &3l Al <<=
CPU o}719x], <9 AA| 2 JVM(Java Virtual Machine) &22 A| &3t

ATk ARH FRlE EES AFFoEM MY quA &&4 AR T 4
T8 A SERTV2 WEZ AL 7ted oARE geotstr] &olstrt. ISO/IEC
21836:2020 #Fo] AAH olF FUIEHE AR Q1 CPU oH719gA, &9
AA L IVM F5-2 SPECO A #HElste § #lolA3E B3l AT 4 o
ISO/IEC 21836:2020 EFoA ThF3 & SEEMS A 2 F3 Al SERTV2
HEYE F g3tz s A9 A 52 55 ZAS 53 a8 =4

W AT b,

= 2-2> A &9l CPU ob|EIX|, 2% HF U M 2=

CPU

- .| CPU 2d <9 AA WM

2299 S AA T4
Intel E3-XXXX |Windows Server 2008 R2 SP1 HotSpot 1.7.0 Intel Win HS17_In
Intel E3-XXXX Windows Server 2012 HotSpot 1.7.0 Intel Win HS17_In
Intel E3-XXXX | Windows Server 2012 R2 HotSpot 1.7.0 Intel Win HS17_In
Intel |E3-XXXX v5| Windows Server 2012 R2 HotSpot 1.7.0 Intel Win HS17_In

Intel |E3-XXXX v3| Windows Server 2012 R2 | HotSpot 1.8.0 prel2l Intel Win 518 1
Intel |E3-XXXX v3| Windows Server 2012 R2 |HotSpot 1.8.0 post120 Intel_Win HSI8 1

Intel Xeon Gold | Windows Server 2012 R2 | HotSpot 1.8.0 prel2l Intel_Win HSI8 5
Intel | Xeon Gold | Windows Server 2012 R2 |HotSpot 1.8.0 post120 Intel Win HS18 5
Intel Xeon Gold | Windows Server 2012 R2 OpenJDK 11 Intel_Win HSI8 5

AMD | EPYC 7xx1 | Windows Server 2012 R2 |HotSpot 1.8.0 post120| AMD FPYC Win HS18 1
AMD | EPYC 7xx1 Windows Server 2016  |HotSpot 1.8.0 post120| AMD_EPYC_Win HSI8 1
AMD | EPYC 7xx1 Ubuntu 18.04.x OpenJDK 11 AMD_EPYC Lin OIDK11_1

3) Server Efficiency Rating Tool (SERT) Client Configurations
(https://www.spec.org/sert2/SERT-JVM_Options-2.0.html)

_12_



ﬁg 4| U =4 29 A WM 74
BM | POWERS AIX 7.1 19 8.0 SRL_ | IBM AIX J980 Idyn
IBM | POWERS AIX 71 1980 SR2 | IBM AIX J980 ldyn
IBM | POWERS AIX 71 19 8.0 SR3+ | IBM AIX J980 ldyn

Z4]: ISO/IEC 21836:2020 Annex A. (Y& &)

2) 7aA AR WEHI g FHE T
SERTV2 HWEY HES T3 SEEM FHAo] o2 AW {3 dsix=
SERTV2E thAlst7] 93 wWEHe= FdA AH(implementer-specified)
HEY g 2A FE Lty ol FEY F Utk 7AA AA wWEHL
Ot 22 274 wet 54 WRlo] A85H = AW f3& AAdloF .
(1) SEEME AMmollnt 283 4 9l
(2) SEEM T8el= 54 AH 7| ae]ol 285 = 849 Ael(active state) 574 B0l 3
Uik EAsfok skrl, 2k AH shee]ell shte] frF Adei(idle state) 34 WS F7t

(3) SERTV2 WEZ S A&T & Sle Aulddle 7 A WIEYS A &aHA] s
(4) N 784 A EHE A8 7 s Ze A Zgsofof g
(5) TEA A MEHLS WA G284 At =275 A AR ol AA| ouA

ok ¢

fol
o
oXx
o
o
3
A,
2
dlo
fjo
=
ful
e
PO
o
fru
£
ox
i
rir
>
=
=2
r d
2
oo

T4 AR MEHS AT 9@ FdEa SEEM S8 & st s
oS Aot 83 4 ojof st} =3 SEEM 7d S MY w 54
Au el arglo] A8 4 A= F4 AEl(active state) A W o] sty
ZAS ok s, 2 A FHE g ol shue] {7 dEi(idle state) S8 WHS
F7teke A& FEHET AW duyx 884 AEE SHSEE U Aol
SERTV2 WEYS &3t AFsiA 2HsHi A Uiz a&48& AT
T AE AH Ae, 7R AR WELHS H&sHA] Gotop ot LT
TaA AA HEHL H§o] 7ted BE AW AFEolok gt Ui
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£ AW o ATt SEEMS SAHE F & WEYo]
B 4 gt 784 x4 WEH &

A ol AA dUA BeAe]l FFEHATAL UEE ZoRE q3EHE
Aujegt A gsjjof 3ttt SERTv2 WIEZ o & 34 A (active state)oll A9
AquAl aeAS A= B A AZXY ol FFE UG AWMUt
AbgsHE HlolH A2l @' AR AeS oulstr] WEell 4 Aol
g B@rE 7ol BEAA ¥EE FEA AR WEHe] AAHI

5 g-5oof Fth.

011

1}, SEEM 23
SEEM &4 3E2 SERTv2 WEE
ZIHko 2 Ao AR EE&AHS A FI) st &4 Adel(active state) E FF
o}

Fel(idle state)e] 2 A3z UehdY. &4 JHE UBe 54 Ax9
ol S5 g Axe] 4 WY FARE "ol AZE 3T o AWt
ApgetE dHolE AE g@ed JAuArt AesS dvista, FfF BHE

.

HolgA e Holy HeE FASA 2= B o e oUAE ASTES

dehdith BE SEEME 7 A f3l oe 34 A 24 Pyol

zgslolof 3m, 4 HH 24 WEe B4 v 24 Pyol 2gE ®

Ae fgel dsl deHoR #7185 Utk BA AH 24 Pl gle
H

AW FRlE £F dU A PEe FoeA Ledh

1) A9 FF FAX #E 874
SEEM 78 A R FAC)HY FFZAE E33t= ZE AWl dis] Ha
LTEE Ao g2 80 PLUSHZE i Eojof dth. F& Al HZA 80 PLUS

il

4) 80 PLUSE AFE Ex & stutel AFRE M 33 EX((PSU, Pow Jijly Unit)e| ol
X 282 MIAIE 25 JH2Z, g A5 | eEIME MY oﬂ j<|01| 20% 50%,
100% 3t Al ol 4X| 80| 80% olato|, 235t A AE(PFC)0| 0.9 O|4t0]

_14_



4 Fze aTet 4%, 80 PLUSH TEHA ot WAE =9

<HE 2-3> 80 PLUS o1& =& 4 7|&

80 PLIS H|AE £3| 115V Internal Non-Redundant 230V Internal EU Non-Redundant

CERSES 0% | 20% | 50% | 100% | 10% | 20% | 50% | 100%
80% 85%

o 80 -~ | so% | so% | PFC | - | s2% | PEC | 2%
Standard) | pLys: 0,90 >0.90
85% 88%

Bgr(:if - | 8% | PFC | 8% | - | 8% | PFC | 8%
BRONZE =0.90 >(0.90
88% 90%

8%.:3 LUS 80 - | 8% | PFC | &% | - | 8% | PFC | 8%
e =0.90 =090
90% 92%

8OGE|LdUS 80 - | 8w | PFC | 8% | - | 9% | PFC | 89%
=0.90 =090
| 929 94%

orws (B0 | | e w | an | e | o
n &ty 20.95 20.95

92% 94%
igai.wri 90% | PFC | %% | 9% | %% | PFC | %% | 91%
et TITANIUM =0.95 >(.95

Z*]: CLEAResult 80 Plus, https://www.clearesult.com/80plus/program-details
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2) SERTv2 HEHS A AH ouA &4 S =
SERTV2 WEHS &3 &4 Aeje] duyx 84 =4 A, dukzl A

B ALS 3 BAE Thore Hlold Mel K3 duA EeHS SR An
b pEAomg A8HE J12be ARl s AR Al

FEEA oW R AWl ¥AHoF FF AH 717tel EovtER
AW 7 el XY dluA &H 24 9 HrrF 239 SERTv2 A #7}
adAow YAE 4 Utk SERTVZ WEH| A= SERT CPU, W=, 2Eg
A flageet 7zt ared x3Eo] = A (worklet)oll tie A

SAe B g AES Fo APH

[12! 2-1] SERTv2 H|EZIQ| Q3= 4l |3a|

SERTv2  HWEHe  FX&= oty FHoer AEHH, A4
A== (workload)e 74 84 VAR B4, O3 7tEA AAE Agse
T o AW duA B84 =9 2 d¥ 24 Sol 3" SPEC SERT
A% 7teA A7 F3E T3l Mg AGeA RdHo] 7testeSE CPUE

_‘]6_



65%, MEZ= 30%, =2EZA= 5% 7HeAE A&

SERTv2 = exp(0.65«In[Ef f cpy| + 0.30%In [Ef f ppp | + 0.05% 0 [Ef f 54, ])

Aol FAedA expE AT FFE UEH, W AAZIE on| g
Effcpy™ SERT CPU HARE=29] oURA &&A, Effp,= SERT HEE
HIR=9 AqUA BEA, Effs,,©= SERT 2EZA Ja=zz 9 A
"E&A4S YeRdTh SERT CPU, W=, 2EAd tigd fa2E= oA

FLHL ol FAos AZHT

flo

Eff .z = €Xp —x Zln (Eff we:)

i=1

expe AT FTE, h2 AAEZIE YH|s xS SERT CPU, #WXEd,
2EgA fazcs=e dig IF(worklet)e] & dEbATH Eff,, ;=
Hazed tigt a8 E84e ok SERT CPU HAZE= 7719
1 =23 (Compress, CryptoAES, LU, SHA256, SOR, SORT, SSJ)7F 3+ o]
ow SERT WlxE YI2=o= 2719 Y= (Flood3, Capacity3), SERT
2EgA YJazzde 2719 Y= ¥ (Random, Sequential)o]l E &= of
Qom 7t o|mmTo Yo Bal £2W =25o WY}

<HE 2-4> SERTV2 HEZl9| ¢332 4 g3l

CIE A= UEE] Ard

LZW(Lempel-Ziv-Welch) B g AL&3le HolHE
4= dAste ERAAS T 2F EAAA
2z

A g
‘l“ o

Compress | ¢4= ¥
CPU o %

=i

=
=
=

CryptoAES | AES(== DES) &% ¢33} d1zlgS AHEsto tolHE
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SE A=

LEL

CPU

Hr o2
i foi
ofr
ol
f
=<|)L_'.
Biy
ol
ol
rir
(m
£
)
r
tio
-4
o
o
2

LU

e
2 Hr
r
o
1 o
el
ol
£
P
N
(m
e
&g
ra
lo
4
i
>
i

SHA256

1%5& &8&3ho] nio]E vl g oA SHA-256 M&-S

B 5o 29 ERAHY 58 4%

4>
o2 FN
ol
o
AN

SOR

Jacobi SOR(Successive Over-relaxation)2 Drichlet 34 =%

< A83ke 2DA Laplace ¥4 < F= 5 £ A2
9_ Fopol A dukAQl HA~ HEE HYPst= ENA
Tt =9

o oo A

r)~

SORT

EdAH] F5 A=
java.util. Arrays.sortQ APIE Ag3te] ZF EdHAME Fof F-2f
9 64RE A4 v tig AE e FPst] 2T EFWAA

o 58 AF

SSJ

SUTe] CPU, 7HAl 8 mize]E d3siH, 67]¢] EdAEE
TFHste 2 ERAL] 58 A=
EIYA T8
At & (30.3%)
A (30.3%)
FE 3 6.0%)
wi % (3.0%) il
AL 2 Go%w | A

T
o) 414

>
fr

L1 (] e | 0

R

>i‘“1°
omrlo_ﬂigm_

ko

N

| | ofy | N | X
i

rU| o | to | mu | /o
o

s e | | 2 |y

ot |z | 3
=

Flood3

T ByA (30.3%) |
E

= M

Capacity3

AR
oo
Rl
182
It
o
[>
m
]
2
o2
ol
£
=
182
I
o
4
]

Al 2=glo] v reo] x3}e 4 9]

VJ 2 HlolHAE AFEshe] Ha g A ElolE el of

Sborlroox |

2EY A

Random

vadl XML A¢l& Fq3te] HFE 4HE
E

o} 3 fA oM dlolEE ¢lal
29 EldAY & A2

_&lg 1_4\101r

ol o

Sequential

g A A A dolEE ¢

% EdALY +5 2

2 [y
o 1
o
fitl
2

| e

Z2]: SPEC, The SERT Suite - Desi

@@ Zzte] gadEe of

cument
< &3l

RopT]
-1>o B
> 2

AEE SERT W=
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gazcel dagel 49, A9 F4L B 4EHA % 4 PP F

FA7}

Eff. =exp %x Z 1n(Eff,l_) x 1000

i=1

expE AF FFE S, e AAZIE JEIT me ZHSLA
st dade f@ 2= Sz £8 Jgudt E/,e 7 R FE

Aitsted s T Hok FEolA LvEE dYom yro] AdtdEn.

<E 2-5> SERTV2 HIEE|9| fIF2E & {33 F5t =&
gaze | 9ad P32
Compress
CryptoAES
LU
100%, 75%, 50%, 25%
CPU SHA256
SOR
SORT
SSJ 100%, 87.5%, 75%, 62.5%, 50%, 37.5%, 25%, 12.5%
—_ Flood3 Full(100%), Half(50%)
- Capacity3 Max(1/2 System memory size), Base(4GB)
Random
2ETA - 100%, 50%
Sequential

4. SPEC, The SERT Suite - Design Document

3) 7AA AA WEHY A A duUA EL&H A4 5
TdA A A (implementer-specified) WIE®-2 SERTv2 WEZY S 283}
SEEM A AHFstA L2 AWME dFo=E giAsHy] g WHEHo|T

FAA AR MEGE ofdlst Ze LTAGE FHAE A4S BH U 24
Fuo| e YN 2TAG] EFH7] QB AT D FED WEYo]

_19_



SERTv2 WEHTF A #dA o] A=A BASHA ¥+ SEEM S S
el A 2 FEE FAR AF WMEYLS tggd 2 8 FAg e BF
T E ook g},

(1) 2 84 e AxE SUTY oAl B84 Uetl7] 918 A3 olvA 34 2%

AfEE= 55 2L $#AS Uelofof 81y, 47t 2245 AW oyX

2 AEE A ol AE o] AA duA] S84 A8l Yehl=A 2lsoF &
24 A AxE A7 A= AF Thselior &
Ex 93

4§80 AWE A9lHos ARSAL S55A golo} &

9 Zesolol Atk =W, TAA AY WEYS T 438 A Y
AEe ARG IS FL POE B £ Ub 4F PP 2L 5

54 e T AEE AE 2H9] o] A2 dEA FEF A o
& E
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M
1
ofr

bol Slg Aol Hid AA oluA ZEAe AFEA U
slob @ FEA A4 vEHS T 2
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go] BiS vl AHdstal A%t o ARert g ofof &

(3) SERTV29} PRIV 2 e 25 &g HAE 23she A& ARSAT 45 8
TARE obd

(4) HIZE o] 54 RS Adshe 5ot AARE Al2E F A EolHE FHsok ¢

(5) FIZE BHolAE= Alfo] AgoR ARHNEA, 34 A7t A4IA ASshe
go] s ofof g
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Sl& Arslks 7H71E AlEslor st AW s BdE A 34 V1L ThE

AE ) ST F YRS AEsolor §

5) 4% AE A HzE Wy
SEEM T& A, % 4H 24 PHe B4 AH 24 Pyel EAlss
Fao] dalAT AAEolor s, SPAA Feol

Pl )

1]:}1 pil T

FEe A4EA golol @tk SEEM FEol: %A Fud fF 4
al

oot

g

A\
o
%
o
e
oo

P2 gedl, ol: SYHQ FEje) 4F JE 23 3

gt
oX,
0%
fu)
Ao

A HMHET O B oA ARE ovx %A AEsts Ao

Aol 23] dHlolEAE Q] o] AH|FE Fols= EAZE HAHE S A

SERTv2 HWEZHE A &3t SEEMS AT 4 J= 9o+ SERTV2
)

MELe tE 4F Fu =4 ARE e
KN

o

ol
==
o
-
ol
-
=)

T30l i e v53 22 54 PHE FFloF A
(1) ISO/IEC 21836:2020 £7< &3 Aleshe A ld A £47] F5(Annex B)

EE EZA Ao LTATL FEe
@ Al % Mx1 Aulat(xw 9 AR)E =

24 27)

M
1%
N
M
=

(3) SUT 748 Al BE 7|2 &9 /\l*E“(BIOS) 4]01 5l st} 742 Aol =

3 PRI R 718 e AE ook s, 71 Y TR Qs 54 7]

7] Aell w7k A = Hd) A3 2ol 22 ARk 75 A

A= A5 34 7Rkl 8 W7kA ST AR JYe Adstes dAsfor &

(4) MHE £F AA= FHeta dEgAoldoly Aul=E AY 8= 5
o8 FAsHA Gotok s, frF dEH d¥s FAs H A8EE 4 SPEC

SERTV2 of=gAeld 23 7hs
(5) N=’lE oF 56 &S+ HH=

L arar ]
(6) MM oA AnlEs 187 SAst 2T Ha 139 S +3
(7) SUTell tigk SEEMe] A AElE 18 33 717 53k M| Ak HH<1E) 7 FYsior &
A Thedk & 7 AH AES Agste 2E AW sl el 7
JH AE IS FUEsh] s 78 84 FUF Al2"E Aok 8,
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shtel - el A aeslel 74 24 §¥e) RE WIS MW
ARE 5 9ded wE 74 82 §3¢ ARssy, 2 74 8z §30
o) shr)E B Al GRE Auay] Ad T4 2l BAL
Sasop Aok, w, o B CPU HloE A 5 ¢ 2 RE Auld] o3
Zrkehe % Ad A9 2d9e Adsks e ALk sl A
33 gAY 4% 249 J1ES M) Al g 93 Aol
Atk ole@d STFAGE F4stel SEEM FH S A% 4% W 33 By
A R FE A GEA gL UA 22E AOT ABRL YT F2
% e 24 AR Al 24 ¥ 42D S YRS Folvt Basg
<E 2-6> AH BeolEl WeEAY| 22
AzgA | =d o1 8AR % FolAY
e BR7] 890,01 0,1 04 2,0 A RMS) 2 20A RMS &
Chroma | 86202 | 2ol wslole Abg b

Chroma | 66203, 66204 |3+ Wl s}e] Adwt ALE 75

Chroma 66205 PTDaemon v1.9.0 o]4-& A&3foF &

Voltech PM1000+ | F8lo]l WA 4.22 o]4Fe] Had

Xitron 2801 -

Xitron 2802 g Hlol shuke] Adt AE Ths

Felof WA L1 ol gl Bashel, 428 A% 9% AF 4

Yokogawa WT210 A7 W B 5

Z4: ISO/IEC 21836:2020 Annex B. (5 &)
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o8l o] 2 A RMS(root mean square, Al H4 Al¥) A
AE T Holx 27 FEo] BiEojof 3}

(pulse acceptance test)®] BE DACA SAGE HA £ =
710 oJ&) Hasojof g

- BA7)1E e 3y BF71E A+ 4&(National Institute of Standards and
Technology, USA) =+ ©& =718 =9 A 7|#elA F3 753 EF0=
wgg F glojor §
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i AEH S48 fs SERTv2 WME"HS H_E + Qe 45 Ex 34

WHo A ALEE 4 e ™ B4 7= ISO/IEC 21368:2020 Annex B. &=

rr

SPECAIA #Fste ¢ #HolANE Tl AFd Abd Fld A8 £47)
558 #asAY ISO/IEC 21836:2020 E =0 Aod 8 FAGS SF3de
Ag BA71E Addafof girt. S0 A A B47]& & E @99 A
RMS(root mean square, Al B AFD) A€y A A/F =2 9F 5
Aol 270 5ol HiEojof T} ISO/IES 21836:2020 EFol Aold
Hx g EﬂiE(puIse acceptance test)e] BE TACA ZAHFEE AA

TE& HXEs

I35 1% o]l BEA7])o 93] HiEFojoF sirt HA
g3 e WA 9 P +Ru,

5) SPECpower - Accepted Measurement Devices
(https://www.spec.org/power/docs/SPECpower-Device_List.html)
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(1) st=dlol == &ZESC Z2IY"o] 7bsd Faf BA7IE 748kl 50ms witk
10709 225 AAEE o5 5000ms mhotk AJARske] 100ms ZHA o= 100ms ~
900mse] P2 1070E Adgtt. o] W, 7| Fahe AY ¥ 5 3tk vielAl 40 wel
A 150 W Atelefel shH, B 7| ET Ha 20% T Folok s

(2) 7t QA A BAVR 25 ST

(3) SR BE Y g2 38 24 25% WellA Fat TA7of o3 MAE Hx Z3}
Ao g, ow), RE Haes Ay 247 o3 fA

(4) 5010 ms7tt Al &sk= 100, 50ms & A3t ©]ojA 5010 msvith Al&bsh=
100, 100ms B25 AR Hal 44715 A7

(5) B7t T AY 4712 25

(6) A8 A7 F /A Ad9E AL BE D25 A oF st A 2719 S5 A

E 9= gt 209 FYE A4S S g2

21_.
(i,
o=
N
)
ol
il
lo
i)
[~
(w=)
o%“:
§°‘
rr
o,
)
v ‘-_1:1
Mo
1%
N
AR
X
=
1o
i)
W
4
i
o
ped)
do
o
<

w3 Y B247]19 a4 vw gy EE7]= AT 4(National Institute of
Standards and Technology, USA) =+ o2 =719 =9 A 7|F A F3
7hed REOE WA F ook gtk SA O AT Y ATV AL
39 AR/ gdass AT F ook oM, Fus&s AAIA ¥ AY
4719 AF £471= A8E Hdl AR FH4A 3uel ddste AR
2olaE AT F ojof I AY B4V AZES o] AHH ) ~E

T3 AAte=m  dolE  ¢7]E Adsiol siH, dF IE o] 20

AAL G £ AL TR AS D AMET F gofol AT I,
BAVE 29 Ak @ AES 4% B5 S8 AQdck dn, 239
AESE ShE, S AR EE 9F F Aol% 2] &%o] xaslojof @tk
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2. ISO/IEC 30134-4

tolElAlE o] Myl Ao i a&4S AR AAHA A
A #F7F Fasit. o3t HolHAlY =zt Ao g a&4S FAsI
s 2 &2l PUE(Power Usage Effectiveness)”} ISO/IEC
30134-2:2016(Information Technology—Data Centres—Key Performance
indicators—Part  2: Power usage effectiveness(PUE)) X&F& &3
AolHATE. PUEE ¥ A", Y 5 A=H 5 dolEAly 1zt
AIA EE&AS FAstL sk o &8H o, et vk ofg
IT ARlE Efsta s dHolHAEHY A9 1T AHe oduvA a84S
SAstal Jdsks Aol Hasit, AW, 2EZA], YES D #8534 2
T o] o= &&4 FFE T3l A dolHAHY &84
FFAE F Atk olE  f& ISO/IEC  30134-4:2017(Information

technology—Data Centres—Key Performance indicators—Part 4: IT

ek
r_{n:

—

flo

tlo

Equipment Energy Efficiency for servers(ITEEsv)) E&olAl& dlo]EAlE
AE AW Ao oy &7 (effectiveness) T &4 (efficiency) S
ZAste WS AAZskE dolHAEY AWl gk IT ARl oA
FE4(T Equipment Energy Efficiency for servers(ITEEsv))ell ti3sll & J gkt

Zh T 0] oA Z£E&4 (ITEEsv)

IT A¥] oz ZE&A(TEEsv, IT Equipment Energy Efficiency for
servers)S AW o] AbFolil FA AR HeS ZIvte R dHolHAHA U=
TE AY EEsE A I2F9 kWY HU AeS AYste KPI(Key
Performance indicators)ol‘:}. ITEEsv AW AA| &9 F3edAe] o]
go] obd A9 o iA & 7Ie& Wrgste] AEdEh AW oy A

1:011
nqo
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(1) &9 AT d&
(2) A7E AAZ DS FYst= A3 (utilization)

(3) &Y H3l7t 2E W olyA AMES Eol= AW 7]%5 (power management)

capability)

&
o,
ofr
o
rlr
ofr
>

ITEEsvE A 5 (capability) S A3t ©$) WA T Aol & My =<
a3E AFsste H AHEET ol S8l ITEEsv] #tel O & HlolEHAlY
BaAow oA afAgolv B&He] O HL AWIE HAH UASFE
UERATE ITEEsve 574 HolEHAlE T dHolHAH dFE AAHO=E
M8tz 1&g KPIol™, A2 & dlolHAlE IF HlaE 93 A2 oy 7]
ol ITEEsvE Ar&ste] dlelgAE L 718 Aol &3 74 dgsHA
g otof g,

1) ITEEsv A&
ITEEsveE =3 22 F

>
ttlo
of
=
e
ri
kv

SMPE;(Server Maximum Performance)= A 2 Hdl A%< Y,
SMPE+ AZQA7 A 45 A2 A3 == WXxnt=a7}t 1SO/IEC
30134-4:2017 EFolA Aost= TEEsv WXvt=a #y A8 8 FAES
FTZote WiAnta A5 E7E T ARHAYI FAHES B3 wtol Z&Hojof

AW o HAdl W vFEwW)S
Uebdth SMPO,= AZJA7E AlFd A8 4H HolHE AHESAY AH

ok
N

+o}. SMPO;(Server Maximum Powers

A\

AE 53 o] dgFojof 3t} SMPO,= SMPE;, #t°] &% wWXxn=
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A3 ol AR B AES &I SMPO;

30134-4:2017 &0 Ael=o] Ut

ITEEsv= HlolEAE Ol Q= EE AW e AW 59 duA 52849
BHs Tl AHEET. TEEsve] gl =25 Hu AgdA Ay geg

Ag &0l ¥ wve Ae UEiY ol& B3l ITEEsve oA &&4d0]
H =2 AWE &8skl tolEAlE e AubHR ouvA EE&4 FEe

@ & ok

EEY

2) ITEEsvell tid SMPE ¥ SMPO ZAF

SMPE 9 SMPOE ZAAsl7] Y3 Wxufz $HS A48 o wixrlas
H2E 0 AW ofEgAolde yUedoF 2t} [TEEsv ALt &
Aol el shuhe] wWixwia wWale AGaoF shw, Wixnia W2
EFste] AHEEEA otok drh. AW 73, 74 Ee R=d HIH AolE
sl shte] wiAwia o] BEE MW HgehA ¥ e st

17
fijo

WX ol o] Hed £ YEB AWE IEFsI 80 Y= AH 9
ITEEsvE At 252 54 AWl tial SMPE 3 SMPOE &8t
AR + e A5 T AME TEEsv At 23=A Feth 54

HolEAE o] A ITEEsv &S Hlwd uw] [TEEsvE AT wrig FIT
WMok WS Aok gtk dHolEHAlH &2fA 2 &A= A4l
Gete tlolEAE 9] 3ol wet WiXuta WS HHEa AFEHA
AestE o]l Foh ITEEsvE Al4Rsr] fla WXxvta S AHEE o
ISO/IEC 30134-4:2017 EZFolA AH2J3t:=  [TEEsv

Nxvl= By Ade @ 7A 2 A AFS S8 oF St
7hH SMPE &3 ¥4

SMPEE Amel At 452 vehyu, dlolee e da x4 Ar)
H5e UEA 2 oaHd  zAdA  Hu A%e et

_29_



Ao
o2
r°*'

vl o]l Al B ol A= il 2] v} < 7Y AW AxGAZHE SMPE &
TEAY WAt As =TE AHES) 13 =4 743t SMPE
e 7 F Uk AW Aed dEgAelde udstEE SMPEE
AAE 7] Y8 E¢H BFE YIRS E AAHIFE AL v Ho|g, )&

Nedz Bd® AnE dess] g6 AAE dolHE AAl AL e

]

£

ofr

=

Az"3 dolEldlE Y de 7€ Al2" o] Ao HaE AT
dolEAlE o= BAES Aol AW EAS ¥ ]
Hxuta Y-S Aol stoh, olo] g AR, IHF HUFES HXE=E
st dlolEAlEl= LINPACKS &-8&3t SMPESH SMPO #< A= <
ATt 7R E BF AW+ SPECpower = SERTE AM&3ted SMPE ¥
SMPO #< 4=d 4 Uth

oy

(1) SERT

SERTY] “normalized peak performance”= SMPE #H2oZ AbgE 4= o}
gofgt §¥e Yazso sl 1271A §3e Yol EAEH,
tolElAlE o] A&fA= dolEAEAA Fdste 2Y ol wet A

o] Y& Adlsfof gttt SERT+ v= 7H B S = (EPA)S] 8o ofet
SPECO 9J3] RFEoHT ol AHSde HFE AW ZEIHS 93 US
EPA ENERGY STAR 2A4lthe] dF2 MM ovx aeAS FAs] AT
Zolty, ZZAA Iy ALgA IEHo~E B3I TAH E AL
et =g AAE SERTw A& AMEste CPU, WlEe, 2Eg A9 22
MNE ANzl FA QA HAES I st F3b FFA A 7Y 4|
o8& At [TEEsvel thall | Wixvta A= SPECO] A4 €
A 2 By 710 FAL AL FANS FEFEoF Sk

6) https://www.spec.org/sert/docs/SERT-Run_and_Reporting_Rules.pdf
7) https://www.spec.org/fairuse.htmI|#SERT

_30_



(2) SPECpower_ssj2008

SMPE 3t WXul= A5 %k “SPECpower_ssj2008 (ssj_ops) at 100%
load"E A& 4= AT} SPECpower_ssj20082 5§ AW7 %2 tU3F =& F
AFEY A9 @ s E4S Hrlste Al £F SPEC WA w0t o=
AW Ay A A AYs FAHse TEE AT AW AxgA=
gtz o SPEC WIAmAE AHESHY AlFE IR v dubzo=
A7 SPECO] AEdch AHEAE SPEC WAMCIEd BHAE FH2l wxe
SPECpower_ssj2008< At-8-3lloF &t} SPECpower_ssj2008< &3l SMPE
#Hs Tl A8 AzFAE AT sAdF UolHE AES AU AA
A 7S AHE3Th SPECpower_ssj2008 15 dlo|El= SPECOA #eldh=
A )R8 E T3l AT = AJoh. FAH HolEI ofd AA 8& AT
e dF ol v S48 9 F7F Ayt asit 54 A3t
SutEA SAHHD Ayt A A om ASHEE #AYstr] Hs)
SPECpower_ssj2008< A 33t7] 93 aFAgro] &A1, ITEEsvel T3l
FRE MA vt A= SPECO AAFE A 9 By 297 FAHG AHE-
TA0E FFafof ot

_ll}lv

(3) LINPACK
SMPE %< LINPACK(Linear Algebra Package)] #Wlx|vt=2 & &8 4
ATh LINPACKS Ad WA Ay HaAlxg EAE £43tn dsts
FORTRAN AMHEEl mSo|th LINPACKS #HAFHEORE HAAFHAOH,
1970t 58 1980t ZRF Afolo] 7= lth TOP500T) H=S 9%
FHAFE S WA 2 29 AANE A3 AEHI At uAE

8) SPECpower_ssj2008 Benckmark
(http://www.spec.org/power_ssj2008/)

9) https://www.spec.org/power/docs/SPECpower_ssj2008-Run_Reporting_Rules.pdf

10) https://www.spec.org/fairuse.html#POWER_SSJ2008

11) TOP500 : MIAHOIA JHaH 235 50002 ZFE A|AES SHE Lidstn XAs Y
S H&Ssts Z2ME
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SMPE°] dis] Agd Wixvf=r} a3 A8 s 2F AFstes 45
SMPO°| 3 =4 AL SMPEC] Wd Wxvl=a Wy FUsfof 3o
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fu)
%
Y
)
%
=
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(1) AY A& e WAM=ZE AF SMPo 54 A4
yd® "X vta 5 SERT9 SPECpower_ssj2008
F AFJo. SERT WAntaE &8&3 4¢, SMPO
el "Watts at highest load level’e]2l= SERT #2 Abgsfof dhoh
SPECpower_ssj2008 Wl X|nt=ZE &8 -9, SMPO ko= "average active
power (W) of SPECpower_ssj2008 at 100% load"& AFg3lloF ghot,

(2) A9 A4S Z33A &= HAZE A4 smMPo A |4
SMPE° tha] et WA ep=o] g FHo] LA &2 A5 SMPO

o8& AH AxJAZTEH ATLAY SH0] 5
AzdA= A AFol it Ay AARF AvrIE Agsta AW 740

o
et F AH &HFe] g tlolHE Ak, ol# HY oy

2
08‘*:’1
i
2
2
o
=
k)

e AEiolA Hh A

o 2
ARET. SMPO SA4< f8l 1FE AEAE ol &3 AL 9 A7t
73

Az,
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3. TTAK.KO-09.0096

afuteh ol g A Abg-Fol FFetHA fElveEnk ol A AAF o= T
oke] ¥ E&< JiAdsh] AR 22 Yol SEsit. 1% W B4 S T
U wok= HolHAE 9 oAl &84 fAdoltt qfRol wEt oA,

TAT el 2ot AW, 2EgA, UEST ZRIESS 2443
7Hsske TQF ofmbolumiglk kol Aol AMEEHM, o] FHAo|A AL
55 WHs HEiAHE Bwe & duArr ARdn
ol 4 X 7] FH(IEA, International Energy Agency)olA= dle]EJAlE o] gk
T ¥ 2 @z dgAol IA AHHASAE EFSE dAR
tlelE e A Agsts 2 Fatlrt 5438 S7kstHA Ad 4 d F<tk
AR AREEo] dwid 20~40%% Al SUHET A E43%TH2, o]
st A= A

©

2B &-& A4 (PUE, Power Usage Effectiveness)E

ZIRto 2 HlolEHAHS Y §& A 7|ES AT FFo] AR o,
AW AAY MY BE& P AFAd OiF FZFL RS AAHo|H
TTAKKO-09.0096 EZol|AE AW ZFFH(TDUws, Bfols fFEwx)
5 AHo HAE 2nFS JHlog 4% HE a8 AAsE PHS
AAT, 2y Fol7 dE8HAS W AvHE v d%& SPEC SERTE
o]&3t AT AF ZAFAE VR E AHF && HFE A= ARE
Aot o] & &8st AW AFo fFF L ot FHY MY &S Hwd

M\

Zh frF BHe AW AR AE 58 7]
TTAK.KO-09.0096 E&2 AH F7E 7 el 7€ A8 &22%F 4
712€ A3yl 98l 'ENERGY STAR® Program Requirements Product

Specification for Computer Servers, Eligibility Criteria Version 2.0

12) IEA - Tracking Data Centres and Data Transmission Networks
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FElF o, o5 L83t 4 AW AEF F=FE

Pssp mwpexe TEAHIE F/F ZEHd W F4s Fil AEE &R AE
& AFE YEAY Pspere pree S8 WAER! dEE MW7E &
s o]

Ay mEY AAZ 2E ANE ouan 1u=
Hol= shte] ZaAAt Axd WRYE Pt ZPH AFH 750
7bssith, BEol= Aol £9¢ YslAE BHlols A A FF A

WYARA(28) 5 AL TRt A or dTh BHol= AW @ P

FHe] 2R WY 858 Age tad 22 e Fo AEdn

=
o

PTO T—BLADE—IDLE

Pprape—mie =
NinsT—BLADE— SRV
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o
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filo

Pprape mipe == AW 3 g FF FH A
YEHHTY. Pror_prape-—mree =78 WA EHOIE MW A9 4=
AELe Y, 593 QA U Ay A7 GF AHY o =45

%}]\—o]q NINST*BLADE*SRVJE— %‘7& EH}\O]‘?_] %ﬂ]O]E }\H/‘] ?l'oﬂ @W%

Zejol= Awel +5 Uehith olgAl 4%® Zeel= AWl td fF
ge) 2R AEe B BeolS MM fF FH 2 AY EE AE

ool AL B AEE 24 0l Beol= AW @

Fr ZH 252 d¥e e, g= 34 tidd Edols AW fF7
2
hl

o5 AME T R I3 S oY Hd FF BAE
FHehes Eold 1 oY ¥ AWM =EE JHAE AWE gudt
O3St A Qe dgo] FHE Ad T3 ZAE Tl Ee =E9
TEHEHH, e A WY A ==& 3 299 (hot swapping)13)°]
VedtEE AAEA FUt ol EAEL UM tFEE AW 3 oid
i BH A2 YL g3 22 F4s B AEsdnh

PTOT*NODE*IDLE

Pnope— e = N
INST—NODE—SRV

13) 3t A2t (hot swapping) : MHLE AFELL 22 77|92 #4 245 HAFHIL SEs5t=
H7stn vHiE £ As 7ls 5, MLt AFEOM MH[AE SCTsHX| 210 MER

=30
=

| A
AoIE FItatA Lt WAHst7| fsh HEE TS
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Prope-mre 573 39 BF=E AW @ o9 #F 6 A8 Lw
NEE U™, Pror wops s AT BF=E AW A4 §F 3o
A% A8 JEAT Npsr yope spvs 574 0142 BEws A4 ol
HAE BFEE Au e & Uehith ol & B3] BEFws Aol te
FF A AR 28 EE ASE GeR 2 54 B 4290
PNSE*INDEX =7rx PNODE*IDLE

Prope e ©1F F4€ Bal 428 xS Au @ O 45
422 AYE YEUE, yE GE=s AMe 4% Ad Y B8 A4E
ek

B S R gHY AW 28 AY 2§ N

Au7t Ay B3 gEolde] am A" g3 4% mge segos

SPECOIA 7Wdtstal 9l SERTEHE WIAntd =35 o]&3ly A3
SERT+ SPECOIA 7|adk A A =T FY U=

o MEEHAH AW duz E& FAHLS HFHoF Fa g
TTAK.KO-09.0096 EZFoA= 24 Fat Fele] 2% HEs F435H7] 919
SPEC SERTE &3t}

-—

ofr
AN

1) &Y F-3 <
Zke) Fot e AR AY
AEE(Controller) ZEIHES T3l 348 W AWe CPU, "=,
2EdA 5 AA A4 Fa) ZAAE A A 2R HES

2t
Bk o2 T AWzt 29 FHY Mol Be 2m AHS ZYtol

a
r_>.i
!
i
R

A\
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A% A gv E&& H4E 4HASH SERT 24 34 =712 o3
Zolok gt

(1) SERT W< Java class Y& FAF A grolof g+
(2) T2ES} Zeo|AE JVME HEEA] 64-bit ofoF g
(3) A8 =A A+ PTDaemond] 3 &% Ax|ofof 3

[e)
, =D

ft
+
o
off
el
£
A\
o
ttlo
2
0%
off
Rl
D
50

o
2

[e]
-
off
el
)

SERT MIEY =72 Yo
AA L VML 64HIERE A1 P3tal Q17] W] S2EQ Z8o|dE JUMS
W= Al 64-bit ooF ot H¥ FAH AA= SPECAA #HHde €
HolA14E T3 AFH PTDaemondl s&H ¥ EX7|7F &8= oo}
gtk TTAKKKO-09.0096 XFolA At AW F Bz A<l

FArstr] W&ol SERTE

HE des 19

Fwe AWE 2 AW A9 3F ANE

>

olg3tel A% 24 A FUS AN kol LFA mE

pul

2RFN Fes SAsMF o

2) &Y H3 B AW HY E& AR

2k B3l Aee] AW Ax M@ o2 A, SERTE 58 Fajd Ao A 2
st=go] FAE F3 A5(Normalized Performance)el &Al(ENormalized
Performance)®t &% # 9 3A(Power(Watts)) S o]&3te 7 A4
@9l A5 (Normalized Performance)d & A tha3 2o 248 53

Az,
P.tive = CPUwpp + Memorywpp + Storagewpp + Hybrid wpp

P, s AH7E 3l A5 (Normalized Performance)S 33t7] 93 &%

14) https://www.spec.org/power/docs/SPECpower-Device_List.html
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A (Watts) &F, 3 Asd 422 HAES Yehidg. wWPP(Watts Per
Performance)= &% A% 3 &% AHS Yehuy, 3 A%< F3357)
A AW AR A (Watts)S SJHF@TH CPUywppe AW 748 A F
CPUel 7FaliA= 2+ A4 8 338 wrp AR#e] HFS v|eH,

Memory wppe= WEE A 7Fel A& 2t A4k 3 F3E wpp 2d3ke] H+,

e

Storagewppe= ZEZ A ZhiA= 2 A4 F3 F3E wpp A3k
H1t, Hybridwppe CPU, Wl 22|, 2Eg A Aol 7} A= A4t 3ol 3
wpPp AZRE gudth WA, CPUyppe B33 28 F4L& 53
Az}

1 1 1 1 1000
CcPU = + + + X
wee ES Compress ES Crypto AES ES LU ES SOR 7

1 1 1
+ + +

ES XMLualidate ES Sort ES SHA256

A& AT, ESgymapst CPUC CryptoAES <A4hg o] &3k 24 Hats
7Vete] 2bEE ZE& HSE, ES & CPUS LU ke o] &3 2¢] R3E
7¥ele] AE® &8 M, ESgore CPUSl SOR A4S o] &3 24 Rals
7Vete] AEHE &8 HF, ES xyrowizae ™ CPUSI XMLvalidate A4FE o] &g
2k FakE hste] 4kE2E 88§ HS, ESg,,.© CPUC Sort 94HE o] &

2k} FaE 71t AEE &8 MG, ESgpasset CPUCl SHA256 A4hS

o] &3k A FatE Vhet AEd && HAFE UEHY. Memory wppe

2.09 4.7 « 1000
ESFlaad ESCaﬁwcity 2
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ES poog = MR O] Flood 94H& ol &3 &Y FotE 7tsto] 429 &8
ArE YEH™, ES o0, © "IEEC Capacity A4S o] &3 24 H3t&5
Vet 4bEE 58 HS4E UYElAY. Storagewpps AES) Y8 oS3

Siora B 24 11| 1000
gewep = ESSequential ES Randowm 2

ES sepeniiw= ZEEA O Sequential d4HE o] &3 FY FIE et

Ed 58 HAFE YERY, ESpuant 2EZA ] Random A4k&
o] g3 2 FIFE Jisle EdE Z& H4E Uehdth npxgte =
Hybrid wppe T3 22 F24& F3) 4t&3in
. 1.12
Hybrid wpp = ESSSJ’X 1000

Hybrid wpps AHEet7] 9130 2 0lA ESqq,= CPU, WlReg, 2EgA
B5F SSJ A4ks o] &3 A4 FItE vhete AFER 2 HaE UERATH
ole} ol AArE CPUwpp, Memory wpp, Storvagewpp, Hybrid ypps ET
ete] MHEEHE P 0 BEEES Fo7] 98] FUd AWolA SERTE
o] &3t F 7 A& FHIH. A & T AAUA HE@S HEn
gelA 579l gre] WEe AdSte A% ARGe HAUT,

O

rulo
»
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)
s Ame) AW A8 5e A%

rir

&3 22 F4e 58 A=dnh

TESSINGLE = PSSE*INDEX + Pactive

2

9 A &2 HY '8 AXE YEWE TESsperee &

il ol AR MY & AFE YeiE
Psspmpex®t ZH9 53t ZElo] MR &2 dES Yele P,
APERT, ol9f o] EH TESsperp AET L= AW Y &5

vebd of &89 5 o

/\ E}I_

HHN‘
ue)
©
[
>
R
o
Jo
o
oy

2) £ ol= AH

Edol= A A M8 58 AFEE e 22 F4ES 58 aEdn.

rr

active

TESBLADE = PBSE*INDEX + N
INST—BLADE—SRV

TES piappe  EHOE AW 4% Y && AFE ey,
Ppsp_mwppxs A AEE Edol= AW fF dHe &2 Y &8
A, Nivst—prape—srv
Ao &5 Yehdth Edol= AME o2 o] EHols Anrt 5d%
THOER A Rl FEo AW &x dEe UEile
Elo]= A ctell AAHE Edol= A F£E vro] &3

i

o N
AL 35 ZA
=
=
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o a3t go] Balol= Mmel Ael E& AwE Beol= AW shig
FF gEe) 2m AYS AP AW A5 A 2RsE AYY gow
Az

3) GE=E Ay
OEws Ao AW A48 T8

=<
rr

et 2

rlo
&
1>
o
fu
[
iy
i
0

P

active

TES nope = Pnse—vpex + N
INST—NODE—SRV

O3es AW &% d¥ &8 AXE YeE TES yopps OFEE
5 A4E YEW = Pysp_woex St

&
19 gEwE AW £E Jehis

Z&ste] dEdET. gEE AWEs oY e AWZE 343 A IF
AAE FHFERE A FAHE P LI OTEE AA Qo] xR

Aee fdl &2xHe AYe Foz hEdn

4. TTAK.KO-10.0764

Ho|HAIH oA & &4 AFE T dEZHOE AISH= AY Av8 S
A 4=(PUE, Power Usage Effectiveness)= Hlo|HAIES] XA H8 F IT

gulol AHER o] Hles AT Aow M|t ¥xE 3T 7

ArE9 duA Z& ZAEE udH MY 2HES Ags A5, AU

&, Bk T Adlet 22 HIT AHE 29s A a&S AEsta
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Aoy T ¥ AA S, Al g oA &a&& SASH] oy ol
AT, olHT oHwS daskr] ffsl TTAKKO-10.0764 EENA=
tlolHAE Y 1T ARle dosE A= Ao tigh duA a8

ZAs7] A 38 A% 2 A YRS Aot A o AW A
s A=EE& 93l APP(Adjusted Peak  Performance), LINPACK,
SPECpower_ssj2008% #Z2 A¥ A5 Wixnta =& A83ta, Hd 4
FEfoll Aol M= AR SA8e flel A Y AgHS s AY d
Au o] wixnta Ay &8 9 AWEe A FF AXo FAE HA A
AHg ol &8E F dth

o> o

L)

AW AR T HY
dolHAE HXE Aue olux TEE FHA7] S8 the
T 7hA A wHe B8Y 5 Atk
(1) &8 A& oA % &€ A 588 14 Ave] =4
() M35 1% BF AN AG BE B

U]
rlo

oligt HT WHe 44 =¢Ho=zZ AdEHo HolEAlEY A=
AWM EL] duUA &S FIAZ glom, o] = TTAK.KO-10.0764
oA AHolstE AW AUA &L 3

1 =

zF
g =2 A9 s¥e Uede

1) AW A &£& 4 ¥
AW | A Z&E& Artsty] s ddAme] A viad At 45 w3
GdAmZE Al Adese dEd do dY ARFE AT

b e
AAslor Bt mW, dolEAE eI Aul oA Hee AL
Bag WwHe AW AAser s, 23 P 4 A e§ 3
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tlolBlAdlE o] 43 &5 < a2 doF gt} TTAKKO-10.0764 EFll A
SdMH Y] Al s ddAH ] A A9 ASFE A U
A A 2

rr

i
filo

) BLARY Ao A 5 P
EUREERE LR Es
#88 + Aot

Ay
ox
tlo
o
:(|>l:4"
v
[o
A<
L)
rlo
>
Ry
=
ﬁl‘
o
i
oY
o2
2
tlo

(1) 23 Fd A% (APP, Adjusted Peak Performance)
APP Hixmt= ZAHZS dAdAH AW Ae @z F&E F Utk
APP= W= AFFR =(U.S. Department of Commerce's Bureau of Industry
and Security(BIS))ol A 7d® Wlo g 71 &59 CPU ZE2AAM A%

ZAshs el APP= £ 34 7Hestn, £ZEY O] A8, FR9
Zabell S o® AHgE £ gloH, dd AHe des shue] FA=E
23 5 Ao

(2) LINPACK

LINPACK(Linear Algebra Package)2 A13% WAAz A8 3AREA EA
3 sl AL 93] FORTRAN AEREI o8 FAHE Zgga@lo=w 1970 )
L= AT LINPACKS @AH7kA] v'd TOP500 7Bl ZHFEHE 4
Hixnfg T2 3P 08 ALLEI QT

(3) SPECpower_ssj2008
SPECpower_ssj2008 WA mt=a+= 4FY ZFO=E AME-H+ SPEC(Standard
Performance Evaluation Corp) WIX|vta 2 &5 AW 9 o8 7] HFHE
=7t @8 AFEHY dY ASH 2 AHees A H Hutshr] #%
Wyolth, SPECpower_ssj2008 HIX|mla= AC A4 Ao HY

o
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AT Aee A 54T 4 Atk SPECpower_ssj2008 #lA|ntAE
g3ty G Ho AeS AMsts e A dd AW FAE
=4 dHeolHE #8&3AY FAHS 1A st Ao Ui AS5E FHste=
W ol St

W) @A A AH AEF S

A Ao M AEF FHL S Hd s FEielA
AzsAY FAE WAvt= doly 8§ e An A

Aol wAE AY ASFE &t el dth dvolEAH =9
Aulell thad Aol s FeloAe] A8 AT FAL Sl GLdAH A
E ol @& M A8 AT 5 vk =7, dlolEHAE Wl
o g Wxnta d5 =75 3 FH] Mttt
S . A2l 100%
Rl gdeEelAe] B AE AEFS GdAH Ao HE AL o=
Ag" F gtk Ao g dHolEAE el Ax¥ AW MY FF
Aol BAE Ao AE AHERFS ol g3t AFA FAHE FYsA ¥
gdA e Ao A9 AEFS ALE & Ao 1
FAE A A AR FT Ao AA Ao b JejollA e MY Aol
OE 5 o] Gl Ao A ARRF o] As=rF "ojd & Slth

g
Lo
)

==
|
ey e A
CRE]
=R

]

-

)
ue)
e
>
=
o
B
o
™
v
>
ofo
o
[o
o
Jo
ol
)
2
ok
o
O,
(03
&

g
2
o
o
il
oX
N
2

2) BYAH AUR EBE
dAAH UA EEe e} 2 4L B BAANe] Ho 4%
Aol A ALF(EW)S W& 4SRY,

B A2l Al) 5
Y AH Al B A8

Tr A OUAR| B8y, , =
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gGdAn e Hd Aese AW Ao WAna =7E ARl 534"
Are] Ao de< ovlsty, ddAHe Ao AY AT ST
AW Fos Uetd wo A8 A FS Ard. Ak 22 FH A AH e
A Ao Ao S SHsks Wl et gdstA Bold ¢ e,
Z1ed AW de S8 W mE AW e ol meh o] Heojdn

H]
H]

r&ﬂ

<E 2-> MH ds &3 2HE M5 9
A As 34 1Y A s A9
- Weighted TeraFLOPS (WT) (CPU Atol & & 538 7158
Adjusted Peak 5 & Aty F)
Performance (APP) - Al As ALY ZheA e 098 EH ZEAA), 0.3(9]

Wy T2 AMNZ 47 AHod
- FLOPS (AFH7I 2% 3T F UE 4VE FFihs
LINPACK H o] o
- AFE} 29 L £ e Java
- $¥EE Java A4HS SPECOIA A 9

re

el

4

SPECpower_ssj2008

o) ol Al olw AW 4% =3 PHe BEIHEAC met e ol
Az EAE F Aok

(1) SGLAH oA T8 APP 4 Y A&
(2) LA AUA Ty 0 LNPACK 24 3 A&
(3) FYAH oA FEepc : SPECpower_ssj2008 4 T A&

obA Held oY MH ouix| B8, e UEFIE FAL B DU
A= Egel Frol 2 An FulE= @9 AL UATF Aol & Ao

ARG o don, dIdAH oA &8 Fol T AMES EUTF2EA
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3) dlolEHAIY AH A &
dlolEAlE] AW o] &&2 HolHAE W 248 tid A A9
&2 yepd 5 gon, HolBAlE AW Jduyx &2 UEd 22

g
Ao fEET

CllolEfHE M2l 2|t 35
CIOIEE Mol Z[Cf M= ALES

CIOIEAMIEf MH AKX 28p,, , =

)
249 7t AW Aol Y@ Ao Ao 8L ousH, HolHAE AH el
A A AL 2 AW Aurt Ao A5 e wo) A8 A4l
%S @) § FAA HolHAIE MW Ui &g g Ho B Al
Arel Ay A% = AgdE  WAvkZ WH(APP,  LINPACK,
SPECpower_ssj2008)°] HAE FAIAT ¢ F24& T3 4H=% tlo|HAlE
A oluA] Egel ol 242 dolHAE W ke 58S 71 A

BN
dujso] AAH dva Add 5 Ao

of

FaoA wolEAE AWel Ho 4ve WAvA 4% =78 F

il

(i

A2d AW A HZ Ve §F

Ar AzA B2 AdA YRR S EFN g2 HIXITE AxIAs
GFTAZ AT A A2, e FAo ERldE Fo= QA7 AAoly
el oo wEl Ay Ayt FasAL o HFH] AHee
TRt RS Arstr] s o¥ kA AAw FE 7le S0l
ATEHIL SAEL AT

g% AW A|A Abg Rl 7 B2 S mAlE AL CPULH], o
A9 B9 7€ F CPU Ag &P 7€ vdd rlese THH=

A Ry gy,

ol
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CPUSl Y Amt Zolo] AXEEE H9sh: 2ok HEs)
AR, 2o A5 Fol o) A smepe] AFHATh Lshel sHlHE
CPU A8 L Zol7] l8) 47 25 nrt Wil SAHES st A2

e}
0
c
o
re,
in)

i

L
=
-]
Q.
D
S
@)
(@]
Py
-]

Q
rlo
e}
U
c
o
iy
J%
I
b

7}. Speed Step

o] 1999 R V|EEA, THOR MY Y& g¥sto] ALEF
w2t CPUS] M g8 AHHY CPI 74l wek CPUS| ¥
Jele 229 JE(G-State)et A"l AJHI(S-State), ZEA|A FE](C-state) <}
A5 JEl(P-state) 2 AS3 HolJth 2T =2H &L P-stateol A F-3)oll
ot A YL FHo2 A AHHES HEshs 7lsolth

B &
2
2
ofr
N
50
o
>

[(O8! 2-2] ACPI T#0f E CPU XM= 2&fEl (P-state)

Legacy Energy-performance Control (P-state)

* DVFS - Intel SpeedStep® Technology
PO -1 core b - P~V2.f.Cy+leakage(V) ~ f3
- Performance comes at a cost of energy
» Operating System performs P-state control

PO -2 cores

gt - P1-Pn frequency table enumerated via ACPI tables
] - Explicit P-state selection
08 comtrot » Typically demand based algorithm

Energy efficient - Policies (AC/DC/Balanced, etc.)
Frequency (min V)

B e remaconrot Non regular workloads are hard to manage
- Lower than Pn is used for critical conditions only

Z3]: anandtech.com
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1}, Speed Shift

23 = FZE(Speed Shift)'= =] AFste 7I€2 A, o] 7€ B3+
G AATE Z2AAY B BEEtE AdA By ZEAA AT
IAE #EES ot ZAolth A= eAl Zo] ZZAAQ Skylake F-E

29 HZEE 9 AAVL P-Stated] Y =& AA AojE 2r|sta 1
AolE ZZAMAA drl= Aolth o2 I8 A F 7FA] o]Fe] St

P F94E wma2A 2HsE Zol &9 AAZE Aojste
ARG R w2, 24, Z2AME A dig 9 mAd Aos 7td S
AomgE Fox A e HA9 5 FES A weps JuAE
d A F Tt 2TE FZES CPU A= s 5F FaolAg
HZ7t 20~302 P 2o e 122 Zo]EH, EL32Q Ay Aol A
HAd AFo= vEE A 1008 x4 diF 35ERE FolEA
H}5),

[12] 2-3] speed step} speed shift H|

P-state Speed Shift
(Al CPUS, plus Skylake) (Skylake Only) «  P-state defined in BIOS, Managed by 0S
| Highest * Speed Shift gives full or partial

PO- 1 core Turbo

frequency frequency
FoES frequency control back to CPU
Maximum — Can give full range or narrow window
frequency ) )
*  Speed Shift requires OS support
" y Optional: —  Windows 10 via new update
uarantee Desired _
frequency frequency Others perhaps later

* Speed Shift means quicker response to
performance burst requests

— Javascript, Office Tools, Web Browsing
Energy efficient * Performance increase in regular tasks
Frequency (minv) | ~ Lowest  +  Slight overall power reduction
w RSN [[Eaes ' ., Requires any Intel 6" Gen Skylake CPU

* Collaboration between Intel and

Microsoft specifically for W10 + Skylake

os trol
R Minimum

frequency

Fixed, Limited Full Muliplier
Discrete P-states Range

Zx]: anandtech.com

15) £X: Intel Speed Shift, ANANDTECH
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o}, Cool'n'Quiet(Z217}+o] o E), PowerNow

AMD Z=2AMe| ¥ #e 7|&. o] e ZEA|A Y HY LHlE 583
o2 B d& Y¥FI &5 ol U =¥

filo

Zt}. Cool'n'Quiet
o] speed-step} HIS=EHAl ZT2A A 2 Falol whgt
How 8 =9 AYS

PowerNow & <€
A3t AH L¥E FHH 33
2, 3dzEE

7}. C-state(idle)

Mg T s BEHAA AE

R
i
e
!

a
C-Statew f+F “JHi(idle)oll A A€ Zol=g AR HE 7
CPUY C states
Ut} C-statex ofzfiol 22 GAE 7HA1aL
A8 "7 a9 3o

%°|t}, Enhanced Halt State 2+

MAFAA 2R AYS IF

o] o
M A7 AdeF

PR —

[O2! 2-4] C-stateQ| ThAH

EX|
= =0
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Active state

co a C6/C7 PC7 Transition PC7
Core voltage* EI
Core clock off of f off off
PLL off of f off off

LLC/L3 cache

Jr
Jr
L1/L2 caches E
E

Wakeup time* Active

Idle power* Active

Transition energy* Active

| mGMME:kP-
=Kelil~

* Rough approximation

Z£4: www.thomas-krenn.com
Y. ARM big.LITTLE
ARMOl A 7tE o] 7]F T A 2(HMP), H3rH ol7E A& o= 2

2R7F e AT ZO(LTTLE)EH A8 4227 B2 148%

olbig)E e F/ HASE TS TAG YNHOR T FRe| oI5 F
z =

AU

Bagto] BASF o] ABen, TojEo] FUW WEY FYS AgHm

Ahgkell e} 2glo] big Zelsh LTTLE 2ol Afolold SHoz ggwt o
WA 02 MelE of7lE A MPSOC AxEE BEE H ASET oHE 7
zo| BAe Pezmo] BN ANE Bae] gt FHOoR mojE YT
FoH s 28e 2P ANT O R 520 AY aw AYS

dsk= Aotk ARMY tHAIE A g ol ofstH 54 A&olA AW 75%7HA A
g &% dzro] Zhesit. HlgE Fx7F A" A2 ZrAAME 20119
109 2FH Cortex-A70100.H, o] ZZA A& Cortex-A159F F+x7¢ 53
e Z=E AAFHJY. 2012d 10€4 ARMS Cortex-A53¢}
Cortex-A57(ARMv8) HoES LRIt} o] ZEZANAE =3 A2 53H
He s F SellAd A ARgskeE Aol Jhesith ol 2013ddll=
Cortex-A12, 20143 299+ Cortex-A17¢] ®RFHJoH, F Fo:=

N
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Cortex-A73 A 25 3 H oA B E F22 AT 4 Ut

A 3E AW A A =7 5F

<E 2-8 MH| O|4x| ZHET Qo &

W x)ol=2 SPECpower SERT MLC power
e 7| SPEC.org SPEC.org MLCommons
Z 2L Ak o] s =
Aazeeis |G d;::i %ng—z,—oﬁ; g | ALHE TR A
A4 A= U PTDaemon tool AH&
A el =
=7 FAE A | 8 37 308 A2

1. SPEC Power

SPEC(2=)16)2 3 H B wolazxzaAA FFAEC] WAnta HXE
o] FFE WHE7] S8 19880 Ay vlFE ot o] ©hA|ZF SN
2O98E 29 WX utaea R 20X w) E7]nf
o ZF Ao B AnE FHsteta AESIY ZF £ Ho|A e ~EA E

E MABt FAET 4 Aade H2E 2EA, HZ2E 27, WA
A s 7, H2E @4, H2E i AlF 5 O ARE 235
o F8 WANAEZE JAVA § AW Aes B7Fsks SPECbb, CPU 5=
W 7}8k= SPEC CPU, Y3 2H ol A5S H7Isk= SPECworkstation &©]
Atk

SPECpower_ssj2008-2 AlHg FAFE Y A8 E&4(AH)E H7lstr] 9
g 1Hg SPEC #lx]wp=o]th, 20081 SPECONA 7N 2 EAH wWixvfa=

oX,
o

o
A
S
N
N
&

16) SPEC: Standard Performance Evaluation Corporation, ZFE AlAE 2|
Allbenchmark test)& 7H&st7| ¢/5t0{ 19880 ofEZ ZAFE AL Fa mFHE =
ZAFE AAEIAAL M OOl ARA|ABAAL Sof| ols ZAE H|Pe| ChHl, AFES M5

Ed57] fIgh 45 "ot 7|F HAE Z2O30o| JEUnt B|AEE Bhof
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A, AF gk A 9 7 Q4= SUT(AIETI’EATH), Power Analyzer(d
g A=), €= AA, AEEZH(CCS) 28 £2ZEYo(ssj 22X, PTD H
=, CCS, VAM)O] It Alg-S 93 28 sAZE Ae] AA(*9 AA =L 3

AE) B AZESS A, SUT 74 3 243 3 £4o= JyPd

ol

7b Nx" dX 2 34
1) 3= 74

- AEEY: ZESY A, SUTY 29 A8 HE 2 2% 9258 F9
st dl B8 AEEY AW(CCS). AA AlFES Alojsta AAME T3l &
A== HoleE 3y, £33 A48 =75 Bt A% X9 73
HolH 5 AAe® RYUHY & 4 Qo

- H2E o AH(SUT): 92227 AXEa AgHE 94, sd AWE

17) https://www.spec.org/power/docs/SPECpower-Device_List.html
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Controller

! H
1Communication |

Communication
via TCP/IP

AC Power In
R

N ) Powerto SUT

Z2]: SPECpower_ssj2008 User Guide

2) AZE S 74

- Java Runtime Environment (JRE) 2A: Y2 z= Ayd& ¢Js) #n} AHAE}
d 4L SUTSH AEZF Ao Ax)3,

- Power & Temperature Daemon (PTDaemon): & AlZ7]9} 2= AlA A
o5 Y3l HEEY AW Mgt}

- SUTE ZEEY A9 £ty 9422 H2EE FdT A9 JUM
Directorg A X| gttt

- $]a 2= SPECpower_ssj2008-2 AHul7|ke] o Ee] Aol a2z o],
=4 Ui A", SUTel AX gt

3 HEHZ € A2" 74

- Zt7ke] 4 24ES A4dsta B 2 5% JtEstEE AAe] flst

o, st=dole =atolw AMX| 9 W ESA(TCP/IP)E AT
1. SPECpower_ssj2008 413}

1) A% Hx}
- CCS.propsad 274 Y £47] 8 2544 (P, Port, =& 5 2 4)

- BAIAEA 4 CCS.ptd.device.type, CCS.ptd.device.port
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[12] 2-6] SPECpower_ssj2008 HE|L-= AlS{Etd A

runssj.(bat/sh)

SUT 1 set DIRECTOR_HOST=250.130.15.2

runssj.(bat/sh)

SUT 2 set DIRECTOR_HOST=250.130.15.2

Controller .

IP Address =250.130.15.2 | runtemp.(bat/sh) rundirector.(bat/sh) runpower.(bat/sh)
INETWORK_PORT = 8808 NUM_HOSTS=2 INETWORK_PORT= 8809
DEVICE = 1001 DEVICE = 8

Z3]: SPECpower_ssj2008 User Guide

2) 29 €4 € 2UHIF
- WiXula Ao] SR EH CCS 2THEE reportergs &3)e] Wlxnt=
T3 Foll FAT raw HlolEIE T3 HTML Yo FEH = H2E Z¥ 3

- YEE: VAM(Visual Activity Monitor) SPECpower_ssj2008 Hlx|v}l=
A3 T 79 HolHE 7IWo R AAZ 2 x8E AFsteE A
Java 7| £AZEgj0] EFEA, H2E £F AAHOE 45 23

3 =Ese d f8500 A58 ok

t}. SPECpower_ssj2008 23} X3l
Bl 2Ex Rsle] Z7)o) weh F 11342 74 5 3He wAgAAS
53 He 2bEste Huo Rebake]l AR ZF gAlol A WA A
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- raw file: RAW 3t A 4t g2E {4

target load 1ssj_ops + target load 2 ssj_ops + ... ...target load n ssj_ops
total SSJ_O pS/Watt = targetload 1 watts + target load 2 watts +... ... target load n watts + active idle interval watts

1) A3 B3

At Fdo] SR CCSollA A8E AA csv B raw 49

2E FlolElsh HTML $49] H2E 3 2% 3de 3¢ 5 U

- csv file: CSV FYL It HAE FUIE FAo=2 AAFHTH HHAZQI

=
g2E #AR7|(vi)E2 A F Ao CSV dAdeles 4 AE sl
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&350 9ok

A
B PaE AH/V)E AU F ok W raw FLe A

HolE AZe] Wito] 7| SHT. 6l & Sof, Calibration 1714 e] 53
dol8 AEol 2407 A%, Y ABe] BFW raw HAo| 7%
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sy HelHE Bgel Hrh Ed, of WMol Y WMATL Yol
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* Header Section: WlX|vl= H2E X SPECpower_ssj2008 =3 o] U

Bl2EWE ZHdEe the /b 71240 2d FR7E AgdEnh

* Benchmark Results Summary: #Wlxul=o] x| A3 Asjo] o3|
e B F UAEE Fot SRS &83te] FAT Ao Fat o
mE »22E AE HAAue Qo ERE ZAST

* System Under Test(SUT):

AR 5 X33 H2E A AB|(SUT)ol o
* Control and Collect System: AEZ# AH <]

CCS A AK, Java &7 AH, A9 AZ7]

24 e},

* Tuning/Notes: WlX|vt= A3 #H
AV g7 Bl 2E Hl= oA 3
Data:

* Electrical

and Environmental

st

2

0S AKX, Java &7
T4 AE7 AAAET
St=H o AXE o]

S5 Al Aol tHE AR}

=i

=

=i
=

=)
=
il

Benchmark Results Summary

FEoA 7l ARG A71H delEd thel § AATE WEd 2=

<

&7 HeolHE & & &

9leh

* JVM Instance Performance section: A 3i¥

zF 2El2s s

JVM

o
R

o o

AT 45 HolHE & & 4 Ao

2) A3 A s

SPECpower WlX|vt= B|2~E7} SR =W #

ekl SPEC 93] H=E

# 3 SPECpower HI~E Z 3o

WAwta A3 ANE A3

T A
- H2E 2ZEA+ H2E A3 rawd Y-S SPECO power &3 93]
oMol Rt HE Z NAE AT
- A3zl HE F7]d wet AEd A3 A5= SPEC power 291 Al
A= Ao BHH ZE A HAEST
-AEAE AE F7] ¢ ALY YoM AViHe e AEH
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A2 A&l s sEel Basty HE F7] Wl ool fital

s WA vt AA7E 5§,

2. SPEC SERT2 Suite

SERT+ Server Efficiency Rating Tool] ¢FA=E =] &-&ZQ1 ITAH]
et 87t F74gel welk 200139 29 SPECS W= 37 REay)
dYste] AdE AW oA &B&4 H7F =7t ENERGY STARE SERTE
3t A SR o e 584 AREE HUs AW dyA
T84 H7HE £330 o) =& o)A ENERGY STAR Z213 3} EU Lot 9
EcoDesign 74, €& HFE AHE Top Runner ZEIH|A A AA
thFst A do HAFE AW L&A dolHE Hriste HEHR] WHE 5
B7F =72 AHEETH8),

SERTE =ZAl CPU 7IWH, wimE 7|8l 2B R 71uke] Al 7hA] §Fo
&3te 11719 fades A" 93 H2E Ade CPU 65%,
2 30%, 2E8 A FsHworklet) 5%2] 71X &5 A&3to st H4
Atk SERTE 5% AH (|d|e)°ﬂH ol e T ¥t TR ¥
AL ol gl Fate] thekgt Av)e wetAE SAHE WelE BT

Atk ol#d FAHS T AEAE AW HFE AWML BF FAY
Addy A4 F wix Z) diE HAe AeH duA E&AS
Agst=Aol gk FRE vteoZ A& H3e AME Add 5+ ot

201399 3€ 15Y0] HxE ZFAI® SERTE 271€¥€ ¥ ENERGY STAR
T2 MW IFE ZEIPoF YA I F Hepd A A4,
A58, A9 A7) st g Qo2 WA 5 JUHClEE AA 20174
3€ 149 SERT2.0 WAool &AHAT. "= SHHIZHEPA)FS 24
olol= SPECS 3 H¥slel 113 PHste dejzetol= AWl g

rlo

|

18) £X: How to Measure Server Efficiency with SERT, ENERGY STAR
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o ZtAQl Ao SERTZ F7}ety, % =¥ w23 ATA(CNIS)%
dEste] Fo MW ouA &&4 H7F =F  BenchSEE 7ol
FoAstdh =3 ISO(FAEE 71F)E HlolEHAEY AW B&AHS 93
ISO/IEC 21836 ¥ Fo| SERTS Z3taiA Hot.

7} AR 8 TFALE

2008l =A1¥ SPECpower®] WlA|nta 25 Ho] ©p=7] wfjizol] A
S FAMo &= SPECpower®} Z2 Fio] &4 vt A AZ7|et &%
A A= SPECo A &A1g PTDaemon(Power & Temperature Daemon)< 53l

AojE M SERTE Y IAZ=E JVM S04 F3dt

[l 2-8] SERT A|AE! Clojo{72H

Controller SUT
SERT | os
S éChauffeur |
E ii Director :
S i Reporter i SERT Workload Suite
o GUI i
s e
[ L
Q Q
B £
Q I
g g NIC NIC 2

{ Temperature Sensor |

Z4: SERTv 2.0 Guide line

Y. SERT AFET AR

Aaze Ags 98] A6k At A (Java 8 o) S SUTSE HEE
Mol Ax &k A5 98] SERT W 7]1A Ul setup L& AHFAA = 3o
upet At A7 SeEE offel e ER ol wet 319 YYgEE
2 gtdo] AT,

_59_



L——— SERT-2.0.0

checkers

discovery

Documentation

images

lib

logs

PTDaemon

redistributable_sources

results
XSL-File

SERTUI
archive
config
images
lib

tools

o}, SERT A3

H|2EE GUI(Graphic User Interface) =75 3 A3= 4 9od, 1)
SUTHI2E o) AW AA, 42, 2H==E 37 AR 4,
3)PTDaemon(¥ ¥, &&= FHZ2) 44 3 A4, HH2E J22=UVM
A7), 6)HIAE 43, 7)23% B o2 A3} SERT #HlAvld Bl 2EE
GUIZ} §1= CLI(Command Line Interface) =7 % A3Pd = dow A3

Azale GUI =70l A 9F o)

)

[O2! 2-9] SERT 2.0.7 #iX|Of3 GUI A& sIH

Start

Navigator Menu
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1) SUT(EIZE diXh) A |92, 24
SUT A w4 “serthost.sh(UNIX)" 2IHEES A3t AEZ Au]oA
"sertui.sh’E A3 Al#A "SUT Configuration" ®oll A SUT A<l IPE 43ty

AR FAFT Aol HFSHE the WA AAH SUT Aol FnE
gstn A% FH8 Jusk dowm 54 T Agu

2) Hl2E 373 AH 94¥

gfegs AdEuA Age Bag HZE 9 AR SUT AW AR,
AZEO] ZE, JUM, ol & ZIe ARS 1S3 2 AR 7R digh
AAIGE FEFAFES "https://www.spec.org/sert2/SERT-resultfilefields.html” ol A]
shelgiey,

ot

3) PTDaemon(A ¥, 2= FPz=2H) 44 & A4

25 9 HAg AZ7e A4 dHely #3dE& 3 PTDaemon(Power &
Temperature Daemon)e] AyHT AdZdS 9l 72 4AAe J=9
SIE|F o] 28 gl A4 ZE, 942 ol P TS Ygdit Hy
AZ719] dAe A9 AZF7] delde sy A& 9 AF7] =

HEE S8 == 8 A7, AU range 2o Zasit

4) HI2E YJ32Z(JVM AH)

Bl2E f32E HS 913 H2E mi/iHse AAS ok A% v 244&
#8ll “client-configurations-2.0xml"¢] 4l HAS SF3lok et 5L + AU+
2 WAL P2 SPEC ARl E(https://www.spec.org/sert2/client)oll A &<1g
T Atk 7 7Y, 9 AA, Iy Soll dis] dgte upyiHsE SAEE
"ISO/IEC 21836:2020 Annex A"S Zkagic)
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5) H2E +3
Aol duHY HZE F3o] rhedtty, A8 AS719 AR/ A range
AAS 98l 223 H2EE FdsjoF vt HAEE oF 3083t 3=
Zh QAR B AR, AGRA] RMSgEe] AEEn ZF dAE AY
AZ719] range’t AHA o]l WA 3) GAIRE Eol7F TA range A8 S A4 E
full-run BI|2EE A Gt A Bl 2Ex oF 2412 3083 338

ohworket) 5%e AFAE Ao Al ArE Boud. 2
gazee] wa WA oUA EEH HFESL.)E FH 1% 2ol
AEHT, 1050 HAREY AT DA BRI )= T4 2 9 2ol

Hot

>
1

\

pul

Normalized Per formance
. (1
Power Consumption

Efflaad =

B f ot = exP (% NI (BFf,05,)) 1000 )

(i:¥Fzaz2c9 B3 g8 A M5 (25%:1, 50%:2, 75%:3, 100%:4) )
OS°=2 CPU, MEM, STORAGES] HAXWEWH IARE oz AEA
X-]/\(Effwayklaad)b }\/\] 3“4’ 7]—0] A]-EIEID:] /1\_]_-%“1“:’]_ 7_11— ZE!E@_E.Q] '?"]EE_E
vz &E&AH HFe= CPUE 65%, WEE = 30% 2EZA= 5%9

AEAE FG HEe AEeke] AF SERT 2 E&A ASE AFWT (54

Effworklaad eXp 7>< Z In (Effwarklet ) ) (3)

i=1
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exp 0,65 xIn(Eff,, ) + 03XI0(Ef £z, ) +0.05 XI0(Ef f oy, )| (4)

[O&l 2-10] SERT 2 =24 &= A4 CHO|O{ O

1. Worklet Efficiency Scores 2. Workload Efficiency Scores 3. SERT Efficiency Score
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SORT
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SSJ CPU
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o =% o
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Sequential Storage SERT Metric
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7}. MLCommons HAA&AY EX
MLCommons &%= Al A& 71438l A3 vx= FA A o
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(1) MLCommons®| =& ¢ &l tigh A 9 FdFES /M F A5 A7lde
MLPerf Edold 9 &, tlolHAl, A7 1§ ol X3E.

(2) Wixuta HE Aol FAT 5 s

(3) MLPerf Edjol\d, F&, =t Wixvta =79 37 2#HE AZstal 37 F U
(4) 2] o] oigh wAA S Zhs 5 A3, FRehe 39 tEE A 25 A%
Aol & 4 glem, MLCommons oJARS] AAd] Enlela Ex 4 9.
(5) MLPerf Z3} 2 MLCommons & &5l tid 35 tHAE LS 2s F s

(6) fr5 MLCommons 3] MLCommons Ate|Ee] Y.
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golgal 75, dFNEE FHS 71 Fsstaz Idoh. MLCommons
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Hlgo] S7HE #Ystal HAsste Ae 8% A7 FAE R Ao
1) Al 29 d4F 89 &4

A

(a8 2-11] =& AIAEIOM F JHX 2 FEEE AFE AIS AlM

0f0

AlphaGoZero

Neural Machine
Translation

TI7 Dota 1vl

VGG
ResNets

AlexNet
Deep Belief Nets and
layer-wise pretraining
DON

TD-Gammon v2.1
BILSTM for Speech

LeNet-5

NETtalk RNN for Speech
ALVINN

joubling (Moore's Law

1 2 2010

<X4]: Dimensionality Reduced Training by Pruning and Freezing Parts of a Deep
Neural Network, a Survey

9 age Folo] WA we 2dnitk 2614 Al W Adbapo] meHoE
Z7lel 7l o B4 AL N ELE 3471 9vT 294 Zrlele Al Bd

F5AA Z2E agxEz ZdEsty Y9t AML
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(6) WAukA A A A2l 28 B YA BAF

(7) MLPerf FE(AYg] L, Bd) MAntaE AyYg

(8) WAIntZ F& § Alzglo] &4 7] delel As W, 28 et AHE FHY

(9) MLPerf FE(AUele, =) WX vtaE A3t

(10) T AU e, B 239 AL F30] Zagk 49, ~7) WA 449 v&

u}) Battery-Powered SUT(System Under Test)

HiE 2 F55H e HZE di%d AZE(SUT)S HdZd Al Fa(el: AC
DC)o] obd HiEl gl Z-sst=s A ATt o3 SUTE=
ojlAE /\lZ:E*‘(Oﬂ S ER XuEE HEE, 45 0T 717])olH, &Y Al
H(So0)S ALz FEET SUTOlE MLPerf Hl X} =]
RE T4 84 2dEY OF IdF 74 84
efolato] mdl, HxFd ol)= viAlH™, o2’ Al2EH #E gle 748 24
BEE Bl ok St

Battery-Powered SUT(System Under Test) 74 Azt =Ax& ol Zoh

rr

DT
o
rfo

Hi (
o
a

g,

ofr
2
N
£
ol
o
rr

= =H3517] ¢

R

_74_



ojuto] mdll HxZgolet 22 AofE 74 24F NI o]

HE S, A4S Hel 48 34 dFE AEHE 23YES

2
|
v
o
%
©

5) WATIAL Alat A AzEE 2% B YA BAR
LPerf FE(Atele, B8) WALAE 4G
MARLE F2 F Aol B4 t7] dulel e ©, 2% B AHE S

8) MLPerf FE(MHele, Zd) WixntaE |3

*x & o v
=<

vh AY B3
MLPerf v1.05-8 #

Az ks A, tee Basof 3.

J8

naE A Aotk AEAT e £HE AES)

AL + WA ml

HE/ou) Aol E 22)

V0.5 A= ol 2]k 3k 54 xS dAs A= AR v1.0 HARE =

N FFo Yoprta Utk A% AxE okt 2o] AR

Joules an Throughput  Queries/second _ Queries
Sedond Watt T Joules/second ~— Joule

Watts =

Throughput _ Joules 2 A
! Watit Task

o

d9o. 24 o

ol 7l Aoz SHE o

_75_



7] Y2 6DACNM SHE dHeln, FHa 1Y 58 T FHE B

24 Aoy, UAE Aol tF HF Al 2o,

<E 2-12> AlLlz|20] W2 &3 o x| X|ZE

Alug e A/ A A=

Single Stream Bt oA /HE

Multi Stream H oA/
Server B Ay
Offline B Ag

A AY A Parser
e 34 Parser= Loadgen 27 A¥ A Al=Hl(Power Timing
Daemon, PTD)ollA =¥ dHolHE 433 A gste ot o] HAd=
244 Y AMES 9Aeta, 54 A WolA H AY, A, HU
5o BAE Atste el =AY =3 SAE HdES J|vtew AY
AHS T BEE e SEik(d: H
datm, ol AR+ MY 884 9 A2E He Bk 4% 71 Ho]

HE AT olol &3 dA 5l AE Y@ ofefok 2o

(1) LoadGen 24 &8} A8 =4 A|2®(Power Timing Daemon, PTD) 215 3%k

(2) LoadGen 2719 Start/Stop BFU2R1Z2 Hojd o] My MES HrigiAs =
ol #35)

(3) N7Hel AE(6070 ol delofok §hE& AR8-8te Bt M¥(Pavg)S AlLtstaL, H4g, AU
&, AN, S 59 Vs SAE A

(4) Start-Stop EFY2®IEZE o] SAHHE AZHTum)S Al&3

(5 4 *lZ_(Turn), Zen)E OHLVI(E Pavg*Turn)Z TA%.

(6) 1A

=92 B dY(Pavg), 3%

| A%-2 LoadGenollA] A

-

&3
o?.:
x
i

_76_



Z4]: MLCommons Power WG

Asd FUY AW GuA AF A= AF L 5
AL
1. M oHX|] oI5 M= s&

Au oA BE AZAE @Y BAL 98 02, 49, 9B, F2
FUE ez 2AE Adsdon, Fue AW duA BE ASAE
Ao ofe) woh 2ot

<E 2-13> 2] M oy X| o1& M= s

S As AE
20 S Wg 2 54 23| A% A% %
®
i |- ol el Al 25 b 9| o)
5 SERT v2.0
% @l

ENERGY STAR® for|- Alme] o|Uix] &&4< Fo|7] 93] s | Effrenve Score)
Computer Servers| 2A%

o | ENERGY STAR® |- m]= EPAS}e] Hobg 53l SERT V2.0

S R=]
(European AEANZAER AA w (Eff erver SCOTE)

_77_




A AFE
NES 1=
| IS ye 9 =4 4| 9% 71z 2
GF 74 ey
. - 2018 29 F7} @oFS A AsHA
Commission) oy Zg
=) o
ErP Lot 91w w0 earel 2597 A%
(European 0% Ecodesign & 7AVsH 774
Commission)
International - y
- )% EPASHY] FokS E3
ENERGY STAR® | 42 o B o
gzgg;gm - 2012 39%E] A ABAEE AN SERT \20
gE (Effeerver SCOTE)
TO‘;%;?“;Y - BT AT F MM B8 AR o
rogra Lo A AZmom *
(METD = ARE 7IEL=R A
- quA & w3 g AES
= qur && | duA && ds Bt o BenchSEE v2.0
T | Gzapsnaz| sEee s T Faner SO0
- 20243 AHAFEH MW 71 F7}
- dolHAH 9| oA a&43 &4 Slxa) wex
SqdelE Ay oz S8E A% AT, TeeE
e T e A A A | gel | R o BEE
* 97, 32 5 Al oA A
Age FHAeR 97 i
] _BAAFAH A% AE 9 A9F 107 2ok 2,000
kil SACE A e 4 Aeg Az, (o ) 71l o
@F9Y71605D| Bl gloml, 1% 29 A% | T | 8 Sle
a3 5& FHHE Hr} R of i el
714
WAL - R0 AAAF Y AY| oy | ANTR 1Y
AR | 2 SEE s o dnae | 1T e e 25
i= RS A
g2 AqUAE EEHOZ AESY] A BT 7|H3tr] HE)

A B S(EPA)Y A AF(DoE)7} F&oE 19921 ENERGY STAR
T2 WS AZAE AT ENERGY STAR ZE IS 714 & A|ZF A& 7]7],

_78_



Wkl A" 5 g stE g AFT ALEHASH, ol B3
2B s oA B8-S AoFstal 7192 ENERGY STAR QIE< B3l A%
ARAEE =Y F vk vF 34 KB 5 ZF(EPA)S ENERGY STAR 2ol o3
vz A grel JEVES BxF HEE 93 Al 34 IFS 5T A

m
o|N
tio
fo
-
ok
=
%0,
o
2
o
i
o
et
r O
o|N
N
1)
ro
n
@)
=
m
@)
N
o
o))
o
)
(@]
=
m
@)

A Aol Wl =2 AWol g oA 'EEHES Folr] sl
ENERGY STAR® for Computer Servers& A4 2 Zl&qom, o2 &

AR7E 85 52849 ALFFZAAPSUE AHgstal, 15 ddde E

FHEY GBS v IAAHRIFEPA)FY FoFS 53 A3AFA=
ENERGY STAR Z=I1HS =Ustth 92 ENERGY STAR Z =1
g ke AAsA ol 2018d 2€ 20¥0] TRHUoOW, YRS
2012 3€5H vlm FAHRITFH(EPA)FY] FEAFAEE HASL, Y4B
ol #A 1EA =2 ENERGY STAR ZZ138 {45712 3+

FHE AUAE AHEStE AF] duA a&4E Assta A% 7HsA
3871 fJa AFe] AAGARE FFdok she 84 H oA &g
#HAE 8 TFAES WAISHE Ecodesign S =UEHROM, ErP Lot 9
T4 (Commission Regulation (EU) 2019/424)% S AW 2 <l
2EZ A AF U Ecodesign(X&74 TtAR]) 8FAEGS Aot

YEL 19709t F A#He AFass AVIZ FYAJA ANUA AL
St #alo]l Fopxlom, thFdt oux Mok xX9 WA ke
Zskstzl 98l 1998 6€¥ oluA AekHes JMASt 714, AW, 7lE
FE gk oux A® ZE JES FHI 949 @ Y

=Rt & By 229 53 55

&5 SolA 7Hd ddA] 80 £& AFS &8 53X 7|FoE HAs

tlo

ol

3 2 713 (Top-Runner Program)<

|

PN

_79_



ZeE S =YsRey, ol duA AH7E E AFEC UY &8 5F

m 7] 3 AanAke] oA Hek o4 g Eoly] 9% HEHoZ AZto] Ay
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7 vF AW A AF

1) ENERGY STAR®

ENERGY START V= 4R S (EPA)Y oA H(DoE)7t 522 1992
ol A& Z2a5olm ml=re] A F7]H(Clean Air Act), 2005 A A
AR (Energy Policy Act) 2 oA A& g HEW(Energy Policy and
Conservation Act)S 7|RES 2 Y3t} o] L2 IW L JUAE E&EHO=E
AHgEte] 37 B V]ofdte AL HHO® vl ENERGY STAR 5%
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< AH3l7] 918kl ENERGY STARE % AFol Uigh gwolEY AT
A19) So FEE et Jrh20. ENERGY STARE Hl=r#%t ofyet o
vetl A Q1gta 9lom, A AAHCR BREY #AE T3 ouA &
H ZFael 374 RS E 93 r|Eo®E F8FH Qo

of i

<E 2-14> ENERGY STARQ| 7|& ZEH| o=

=5 Lk
MR8 HFH ol E
tlolefAlE =& Zul ol E
FAR Y FFEA gHlolE 8l A5 dE T
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=x]: ENERGY STAR Rebate Finder

v o 37 B (EPA)S ENERGY STAR hdlo]l g &nizte] A& 3R
3ta1 ENERGY STAR ZtEUE9 A& HEs5H7] 918 EE ENERGY STAR
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7he] AlF, ZEA 2 B AE2 AF7H tid e FAR 9 1A 7T e
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Z O AE B2E A3 g AR ITH, EPAS AL Fx, AE 7 BAE
52 713 ENERGY STAR AF5 2 HAS5S A 25 &9 dAd o
ghof ghr} 21)

2) ENERGY STAR® for Computer Servers
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oﬂ
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21)
https://www.energystar.gov/partner-resources/products-partner-resources/third-party-cert
22) https://www.energystar.gov/products/data_center_equipment
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ALFe #AH ol BAAEL JAS NGty TEoH, o] =2l g
TAVEr 327 AHE ENERGY STAR SAlolEoA] 8Held 4= ¢t} .23)
ENERGY STARoIA 7148 AW & 3 o] 4o,

BLERE
Az, MU AHFEH e UEAZY v 7T Ao HAFE Aul=E
Agst7] 9k CPU, Wl &g, 2&eA), PSU, & 3! /0= 744 =& d A=d 749

w3l AukzQl 7|FO 2= 8GB oA W EE A Yol 73k
9] 64-bit WH AA APel 7Hed AW AFHE HASH
ENERGY STAR AWe] tid AF F3L ol #o

]
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:{H

AFE, wER A7H, A FPOlUE,

' Pt

(1) #A¥El M SeloldE ZA(A: H23F
A A, PDA, 1P A7), 71EE AFE AW =

r{r

7eF MBS BH) Apl2E
AFSHI MEAAZ QAR Dlarg BYSH AW HFE, AFE ANE dolee
2 AT/ BN AGE) A3 71 DS o Bl IR vhes)

43 Qs AHgSRe 2ol ohd F2 MENZ A Ba A2 Hr o
Aot BAE Sls) B 712E FHeor Tk

* ZEE| AHZ 28 U )

ml

* SiLt ool ARE M 2F HF(0S) L= Of0|HHIOIX2)E XSS 2

* o= I\ oM ARBAPH EX[et OHZ2PI0ISS Ht= U2 SHZ SERAE OfF)
* UDIMM26), 5! RDIMM27) X|0ts

* SiLt Ol4e| AC-DC, DC-DC HEAZSHAPE XE=(0] /U
* RE Z2AUPE 3F AAE HZ2jo] AMA F 5 R OSLE SO|mEIO[X0A Kot
?h5otor g

(2) Edlol= A2gl Edlol= A9} skt o9 o5 BElo|= Au Bl 78 Edol=
(e A, MEAD 52 74" AzEl &l Axgle T ASEA o

o]l =
EfolE A¥ EE= 2EA AAE 2] A 7Hed £HS ATs Al

23) https://www.energystar.gov/products/enterprise_servers/partners
24) Hlo|E{ME] M| EF - ISO/IEC 21836:2020
25) SAE ZAFRHE Cio 29 AHHE SAlol A3
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e @A BACIEE A /AL wA(S 288 & J=s 2AE AW A=E

[O8! 2-15] 22{0|= AMbB{ OfA|

(3) & WA MH(Fully Fault Tolerant Server): A =90} o] F3p7} wHEste] F
4o s BAlE ot ddEo] 3 k=t A WY A FA g =t U
AzEl g WA 5 9l

(4) AAYAE M(Resilient Server) : A8l CPU & FAe] nfo]a R of7|E| Ao F3HH
S A4, M8, Aule 7Fs4(RAS: Reliability, Availability, Serviceability) 2

o

o

) =& AfH(Multi-node Server): F 7 ool =HE AHE AAE HFEH AW
(6) Storage Heavy Server(SHS): €9t AwET o & A% &3S 28 258 AH
(7) AW oEg}olA2~(Server Appliance): 715y &= E3be A AXE 0S B §-&
zg2 09 AXEY|e I HER AFHE AFE AH(cl: RLAH, ZEAAH F)

(8) 14% AFHHPO) A8l 1A%, | 8 TE AF A% S S d 159
BE Al E AetEE A 2 == MY
Fole= Aol el eF rFo 2= ALFF4X (PSU:Power Supply

QEMUSO| stolHHulo|XMof af &E
26) Unbuffered DIMM : HIH7| 52 glou @F+H/HE
27) Rgistered DIMM : BlX|AE I} o] =2
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Unit) &4, 19 &2 874, &4 A8l SERT Mo 874K, 713
L7 Sl Stk
- AAEFAA(PSY) L7 [/l Aol ARE-E = PSUE ‘Generalized
Internal Power Supply Efficiency Test Protocol, Rev. 6.7'¢] E|=E
2o wpg} g4 Fsto] ok PSU & 2 9 E(Power Factor)28) 7|&S gt

3o} g},

&= 2-15> ENERGY STAR |4 PSU £8 QFAlE

PSU 3 | PSU AZ=8 | 10% Load | 20% Load | 50% Load | 100% Load
> 750 W de 90% 92% 89%
s &9
<750 W d& 87% 90% 87%
> 750 W 90% 96% 96% 91%
94 =¥
<750 W 83% 90% 94% 91%
<E 2-16> ENERGY STAR =|A PSU & QFAlE
PSU #3 | PSU AZ&% | 10% Load | 20% Load | 50% Load | 100% Load
Oz &9 - A 0.80 0.90 0.95
<500 W SRy 0.80 0.95 0.95
500 W<
9o =9 ' . : : .
d = <1.000W 0.65 0.80 0.95 0.95
> 1,000 W 0.80 0.90 0.95 0.95

- 29 #E](Power Management) £7AFE: ENERGY STAR U5S ¢138 A
FFH AW+ BIOS 2 0S 55 53l 7| EH o8 2 AMA Y #eg
AFE ook 3tH, RE 7|52 FM3 A 715 Bl XEZ AlFFHojof &

o #e 7% dAEME DVFS(EF Ad/Fiae 24), FF B
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(C-state) 5] At

- 84 Zel(Active State) E&4 Q7AFSH ENERGY STAR %9 &4 4
B @A 39lS Q& SERT2.0 HIZES &3 4l&5H= &4 Ag A

>}V Effaceve (A74H]) ghol 875 Ha 8 7AES ofef w9 2o,

E 2-17> ENERGY STAR Z|2& Eff o, QTAFE

A Bl | A2 Eff e AR
1 CPU Z2AA A
& A 26.4
BRI S A 244
Resilient AH 6.6
2 CPU ZEAMA AlH|
g Ay 30.4
B E A 26.5
Edol=/dE == AH 29.1
Resilient A1H] 6.0
3 CPU o) Auj A|2H
g An 31.9
S5/ =& AH 26.8

- frf el(dle State) &4 274} ENERGY STAR 5< S8l 5

=

S
W 28 A Pprappe B 2L F4s T8 AdEdn

Pror prape svs
gH AH Pyraps- N

INST BLADE SRV

ol MM fF

Pror paps sys=  BEOlE A AzEe]  Eaw @b(w)olw,
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Ninst Brape sgve SE101E AAlo] AAE Edolt An e 5 ofu|git},
. P
Egols MB fF AH AY : Py = L OPESS

N, INST _NODE_SRV

4 9 AE ARl Ao EHeled AW &R

PTO T NODE_SYS

Pyopr =
Ninst NoDE smv

Pror yopr syst BEIXEE AW F HY &8E Yl SEW)Z &
NE™, Nivsr vope seve =8 WA BHEE AjAC AXE HEXE A
He| £& gt

ENERGY STARS] 7118 AMH A|&F2] 154 8 QT A= vl ENERGY
STAR &#o]#] "ENERGY STAR Certified Enterprise Servers” &&ol Al &<l
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Bl E ol &3t b HAle A 58 ¢S 24U 5 A= A9, A
ARl B A Anrle] oA dof g &5 of9A L78t=A, A=A

921 7& M-S Hrista 1 o)

wn
=
Q

-]

Q.
Q

n)

o
<
QL
[

LR
rlo
i

(2) 470 ol’de] CPUE AR Atte 8T & Sl A
(3) d=&d A= F Aol 5127] o)del A

(Hd) vlolE] A% £%7} 10GB/s o2l Ao )

48) WTO/TBT(World Trade Organization: Agreement on Technical Barriers to Trade) : 7|&
A, EF ¥ MM "ot AP IZHEYo EUest HojE Zeiotx| REF EEs|

sl WTO 2E 3d=2 ez ZHze JiXls 88
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(4) AME AHFEAAM HE 471 g8 B AT 5 A=F 2AE CPUE A8 &
2 F AFEuG dgo2 A CPUZF BAlE AA
(5) e HIE 9] of2] WHe AYstes AAE CPUSH 641 E Z5rE] of7[EA &

(6) AP AHFENA HIE 471 b BH S 43T 5 U=S AAE CPU ©]9)9] CPUE
AR A T AR BEasd s Fdske Zlsol s CPUZE 'AE A
&

d8e A 81 AHEE BA

AWM HFE s F3x 7]
A AH] E80] CPU &l uet Heolxd 7]
Qrofof i},

4N
N
rir
v
oo

s ol BelHr], 248 oy

& oAUA &M && o]srt HA

<E 2-25 MHE HEE 22 U S 7|Fx|

TE 71& A

CPU %5 CUP 24 % TE 9 AHIEE
1 1 8.9
X8649 2 2 11.9
4 3 8.9
1 4 6.3
SPARC50) 2 5 42
4 6 35
1 7 4.6
Power5D 2 8 4.9
4 9 4.2

E4: dE AA 4G AMETD, Top-Runner Program E.Z A

49) x86 1 CIeFSl HIE o HYS MYSIES MAE CPUB °lolste, 2t HEE Mgo=z
M7 E 20| obuiet 328|E obF|EiX et SEEE 648|E of|HHE AED AUS

50) SPARC : CIE! U= o) 0f2f FHOIE NASTH AR A oldlel CPUE elpisia,
S REAGH AMS FYSIE 7|5 AXAH Mol V|52 RFED US

51) Power : CIeFel HIE 9| of2 HYS MWsI=S 4 E 2 olslel CPUS Zatol, 24
SEXSH Me 2UBHE Vs oLt A2 Mol V52 WEA| g
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AME AFE Y o] 4H LS SERT v2.0& 7Hke g CPU, wwd,
2EZ A e SGEE UBW FAE Yo dojAs FAZ 83,
A oA 2Hl BER Bf fgprvpre Bt 22 Aol o8] dEdo.

Effserver = €xp(0.65 X In(WLocpy)+ 0.3 X1n(WLoygyory)

o] A oNA Whoppye CPU YZEE0) tht oA &4 288 ons}
W, WLhoypyorye MEE A2 i YA &M &8, WLogroracr
= 2EfA JIR=9] oA 4H] E&8 udit a9 ouA &
H 582 SAT 4 a3de oquA &¥ 58S Vs FoRE A&

4

CPU, Mnd, 2EgA azss 744 b5 A< 83t

WLoppy = exp n%x i@_jln(WLCPU,i)

WLocpye CPU 912 =0 thdt oA &u] B8-S on|atH, 919 4
N WELepy. i—t— CPU Yazco z3td 7+ 9389 oz AH &< U}
BT 0 e azEd 2gE 9399 £5 ojuse], CPU YAREE 7
7h2] 91 =2 (Compress, CryptoAES, LU, SHA256, SOR, SORT, SSJ)& &3k
oh ZF 3l B Whepy® B3 22 4¢3 dzdnt

> 1000

1 i
—)>< S In(Lepy )
g

WLCPU = eXp(
2

919 21014 Lepy = CPU 2819 7 g} 520 @ ol1iA] 2] &

&5 YrlstH, n,= 2 3l 3 ot 52 & YERdT Compress,
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CryptoAES, LU, SHA256, SOR, SORT ¢332 25%, 50%, 75%, 100%2]
3t ol tid] A AH] E&E SAsIH, SS) IS 12.5%, 25%,
37.5%, 50%, 62.5%, 75%, 87.5%, 100%2] F3} = t3t o qA] 44 &

zHo] AYAY. WRe] IZES 1SS Wlhoypyory = THET &

1 &
WLoygmory = €XP FX ZIH(WLMEMORY,i)
WLygmory o= MIEE $12250 239 2} 972389 dyA 4H 888
omely, Wlreg YdazcsE= 2719 Hﬂﬂ(FloodB CapautyB)%

1) &
n—g)x Y In(Lygarony, ;)| X 1000
M)

WL ysmory = exp(

Lypmory o WX A8 ZF Bap F=2o tigh oA 4H 8858 U
ER ™, Flood3 Y3 P& 50%, 100%2] F3t ol dia] oA &¥ £&&
5731, Capacity3 1328 4GB, 34 i AlFol FAL &+ A= W=
&Fe] 1/2 3t 2ol tisl] oA &4 3 Jalth ~Edz 3=

%

o O =
== =

op

L

1
WLogrorar = €XP P Zln(WLSTORAGE,i>

) 7

WLgropacpc Z=EEA H=28e] 2+ Ral 2ol that oy A &8 &<

ey, 2E8A] Yaz=+= 2719 Y= (Random, Sequential) & &3l 4F=
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At 7 9 3ge] e Whgponaers THod 2 48 Tgak0] AR

1 o
n_)X Zln(LSTORAGE,j) = 1000
7

WLsroracr = exp( )

Lsrorace = ZEEA f1389 Z; B3t FFo g A &¥ 888
9Ju])3slH, Random, Sequential ¥ 33 50%, 100%2] F3F ol tigh o
Uz &8 288 SHIT

g2 2y 71Fol #AHRE A ARE AR = FYste 71440 SFE

teHT el SRIAAAENA VIEESe A8 I JE 24 AN

oK

HA A AIAEES AART, £3, AuARE B2A] FoH AuAES
=

= 99% 4 Aok
=
|

olg1dt AL P 29 tide] HE Az & U ol Ll
AAA e U= AoE Wty

B g By Zead Axd oot AW FREY oux 4H T

S AV 2 HE 7HEEIY AnE1E Al AxA ol AE
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[OE 2-19] & 2 Z233 M=o WE oHX| AH|ES EA|

FIe It XY DS CINI \Windows Server 2012 R2 (64bit) ~ Windows Server 2016 R2 (64bit) i Linu;
SR TREGRME  ZAR7S  FTERSRE  K94885H

My FIVKFENy T — (A (EHHSE) - BRI RSt

5C~35C 10%~80%RH (1zZL. fEBLAVIE)

9.2 (X41)

ICEDCIRNE ]

RIFRE REEBE 20C~60C 10%~90%RH (-7 L. &L AL &)

ST HRIEERF 1315 (W) X401 (D) X113 (H) nm_ HEFBZFF 1146 (W) X401 (D) X331 (H) mm % L)
#98.5kg

¥ IRIF—HEDEREG, PRERNIZRE. /B
LREBNUTLEEEDHERNHODMEE

BT TESNZRETT. BA- R

HF_KH_

Z2: A AE o] A (https://www.toshibatec.co.jp/products/system/xp9500/)

[Z23 2-19]¢} o] olvA] &nlEE& 4%kl 9.29& E7|stl e, sie

Aol 7-& "ol tigk 7 oA AR EE gl 8.9 ol US I & Utk

. 3 AW duA AdF
1) oldx] &-& =E(CEL: China Energy Label)
200549 3¢ 1, 54% AA 443 A A A = A A4 @

2
T /PN AL I (EF LR MdE % 12 /NDRC)9F = 7HE &

o
=

A8 =

AEddes=(HEx e WERNeE B FE2  dux =&
B (BB RE I INE)S AASAT. o] HE oA &8 &80
=2 AFS S8kl &R A dop o4& A|arsto] oA Aok
=4 &RE AdEsr] 9 FH oz AYGEHAH.

=Y YA && T A== WAL, oo, dHd, AE,
2 5 oA &H7E E AFS s FHEHACH,

}_
g 155 HE 55H7HA 570 SHoE FRE A 15H M =2
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AqHA Z&S dein, gloes AF 2EH, AzAL, AdA &P &8

AEe Az g A 5 UAA sk, ZAF
Kt olE g A=

AHA &&o] w2 AFe At 2 FWE Adeta, 1EE AT AR

20059 Ag =99 duA &8 ZE A=Es AdE 879 7ls T
23 A&3A MM Tk 2016 6€ 1Y v && 7] FEH
N CHT I AR AR IHE HINE) ERE Tl 2p8 Al WA, 2 JH
7 dudA &g 7iE A3, #E 9z ¥A A3 5o Fa ug
MAsIA L™, 20219 1874 AA dHS HAAT FY S4%H 145
Y52 HE T ovx && g HElo] tie T84, "L o Wolxx
AT,

MAR gpde oS ANAHoR wWEgsta FHTF] FHIA AuH|A
olgfE EIoW, AUA FE VIE AIE
st x=3, B 9z BA UE Y
2HAHE BEdkeE dHelx ISt Aok 20243 4
AUA &BE&A, dUA Ak 2 @ A= FE2'& FASNS #A H&

g HOEEO JquzA &8 7|ES AFsaT. d4 e
20229 & A Wi¥l 2270 AlFol FUHEHALH, 53] AW AlFol
ARFAEE e FriEgler oduz &8 ®r] #EW o AFS

FES LE SA)S oy E9 2ol AHEHo] Ut

52) ®M14xt 5704 1#2/(2020~2025) 712 St atdel XEts Metnt o X &8 e T2
Sk

2
st 5o BESHFR 9F'E LESD AlE:
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<E 2-26> o|lXx| &= 7| Z2[Y HEHGTRERRE R NEERT1E)
e F39 AZAE

¥ vls7] ZH, dHUAY], A8 B, F47), A7) 8-7,

&84 FNU57], $¥71, 7% A FZ, A4 57 2H, A%

e Al

107m 34 AolAH vH=r] 2E
Zéi(i%@iﬂl b ol g AE, AW, BAZAZ, g2EZdo]
Tjﬁé | za2d08, 314508 B2 wE A2d
e Y ojAG ERD), FUF dojd, AL #74 379
Al g dn | SERZ(YA), AERE o4, YA 29 I,

(e8%)) AHYAA AA8ERT, B57], 398 A7EUAA, A S
Zh2ENA], R ATAAY AHEH, A8 HHE BFF ZE

A g dojA, 7PdE WA, AEr), g9 TV, 371347,
AAY A5, 7ML 7F2=E A, }]7];1]_¢ # 912 3?__1:
A7FAAY {A AV E, AR
z%7]7 | LED 3% =, LED 93 @3, 849 47 Y43 LED B,
(7m) =29 Ed4 LED 297]F
A VAR AR D AT, F971<4H(TBT) 584 BRiA

TFAAF
117

A7 Eg 2hll g AELS HEEE T2 m oA NE B
F SFE BE vhas PAse sta, Ao Abg AWM E& 5F A
ué] o

< 718 ok @t} viae AAAAN, AFtd 2d, duAassH, o
= £ FEAEHA Hod

oM, QRIEE F8f AF AE, T2 T ARE FAT 5 UEF §fof
o oA|A Z£& 2o Al 7de FHARAFBYFT (T ER kB
Ji)el, olst Ast7|d]] F=EEA T (P EROENTER, CNIS)elM &#d <

% 99 9

2) = =7tEF(GB 43630-2023)
T3 XFATY 2 9ol 7le FEFIAL SITHEFAUATY, LENOVO 5
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o] Fofste] 2023 12€ 29¢ B 2 A AW oA E&A A 2 9
UAl 884 Su(ENMPAAIR S iR E (1 XA S )& sl e,
=7t 73 #E ALINCIS)= 23719 B =7tEES s 58 &
o= GB 43630-2023 EF(BH 2 & Aw o] oA &84 A7 A o
'2E4 )0 TFHAG. FE2 AW E&84 HZE WY 2 Ha HzE
E7-20 BenchSEE(Benchmark of Server Energy Efficiency)oll i3l 7<=

GB 43630-2023 %ol Aod AW oA a&4H T2 Us x9
2ol Al A FEoE FEET

<E 2-27> My f84Y o|4Xx|] &84 =

AW Ay &2E4

CPU 34 T& A #3
#a1 a2 743
single CPU | 2250 =15.0 250
£49)9
Lnm o)A dual CPU =300 =200 =75
Non-EUV =% &4 single CPU | =250 220.0 =100
9 neE

dual CPU =30.0 =25.0 =15.0

single CPU >40.0 >25.0 =75
E}9)
dual CPU =60.0 =30.0 >15.0
l4nm vgk &7
single CPU =45.0 =40.0 =125
g nE

dual CPU >70.0 >45.0 >25.0
Z3]: GB 43630-2023, Chinese technical standard (2023)

cPUSl TR FHe AUE Bo TR, dw1e oA Eggel 13
ok 7t 3AT S4ol me} 2 AMe 9l Fol gE Aqux ZeA

&4 "WlX vt =42 BenchSEES3)E E3f An olyx
84S AT + e ALY ISO/IEC 21836:2020 FF2] X oA
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&4 HZ2ZE =79l SERT 205 Ah&sto

=
AqHA &4 HFs AT + Ao AT 7

e oe ®9 2.
<i# 2-28> SERT 2.0 o4X| 254 H+ 27 At
A f¥ AH oA &4 He
single CPU =129
E}913
dual CPU =131
single CPU =119
4 e E
dual CPU =135

Z3]: GB 43630-2023, Chinese technical standard (2023)

GB 43630-2023 #&NAe AW duA &a&4s SA37] A
7o digk aFAES WASA Atk H2E 374 A% 2% 25+5CE
TEsof sla, 71 86kPa ~ 106kPas TEdof @k & Mo
1.5kW ©]&}:l H2E MY 49 PSURLETIEA)E AC(220£1%), &
Aol 1.5kWE 293t AMY 49 PSUE AC(220+4%)E THE3)of g},
T3 3 dFo] 1.5kw olskdl EHl2E AWY 9§ PSUH

PSU<] a1zx3} 9 H(THD, Total Harmonic Distortion) 2% S 33| = <t
&

o
o
]

X
HF

He, 3% A"o] 15kWE 2IsHE MY A PSUY mEI} gFe
5%E &AM ok Bk A Y Fari (50:1%) HzE BE o Sk
Ay AZ71E AC AT HAE WA AE(SUT) Al A s,
A4e A £ A FF AAUPS)H AEHAAE ¢ "k Ay
AZ7)et 2= A dHelH %3 dAEvelxt HAE AFH ¢
dol2g Ba AAstel evtE Z2aAL B 4502 S| =0}
st HzEd  AgHE AW dux  EE HAE WANA

o

53) Benchmark of Server Energy Efficiency (BenchSEE) : Mt X EZE2| o HX| E848& HAE
st7| flsl 5= 7 EFES ATA(CNIS) AR B RAoAM JHeEE Mix[ofT A= EQ o
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ST (BenchSEE)& &S W F H2 MAS &85t H2EV Wasojok
Eia=y

AW 2] 84S 437 A% tid AWol= CPU, WRE, st=t]s3,
+%9 AA7} 25 EFF ook 3, CPU £F2 =5 CPUYF Z3d AE=
B 2~E7} e E|ojof gt} GPU, DPU, NPU & 715715 E338h= Ao 44
= & Bx A 7715 AASok gtk 2% AAE i BlI2E A
371 FYTl wAE ok 3, H2E S2~E AFES} Y HZE AH
Abole] YEY A A2 £EE 1Gb/s )4 olofof Fh},

B 2~E e &4 Fei(Active State) HFE HIZE 73} 5 CPU HXE

td

H-3foll = AES(Advanced Encryption Standard), Compress(¥= <il#]s),
LU(BE  <d4h), OLTP, 256WIE  siAl &g %(SHA256), SOR(A %4
437145 R), SORT(HE &arels) ditel low, 24z AA| Fst FFol
wet =xpA o2 AP
<E 2-29> CPU HIAE 5§35} M I 23l &

No. e Qi Het #E

1 AES 25%, 50%, 75%, 100%

2 Compress 25%, 50%, 75%, 100%

3 LU 25%, 50%, 75%, 100%

4 OLTP 12.5%, 25%, 37.5%, 50%, 62.5%, 75%, 87.5%, 100%

5 SHAZ256 25%, 50%, 75%, 100%

6 SOR 25%, 50%, 75%, 100%

7 SORT 25%, 50%, 75%, 100%

Z3]: GB 43630-2023, Chinese technical standard (2023)

W2y HAE Jao= w2 7l A (Cache) BI2=E, W 2] o] <= (Stream)
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H2E Rl glon, 247t AW Re} g0 we wAHoz AYHc
E 2-30> 22| HAE 235} oA 3 251 ==
No. Ra} A4 B3} 45
1 Cache 50%, 100%
2 Stream 50%, 100%

Z3]: GB 43630-2023, Chinese technical standard (2023)

2EYA(AZZX]) H2E Hetole WP (Random) 2EFA H2XZE,
&2HSequential) 2=E&A] B|2E R/t glow, 74zt AAd Kb 73

we} xR ow At

<E 2-31> AEE|X| HAE £3} odp A 235 =&
No. 23t Q4 23 &
1 Random 50%, 100%
2 Sequential 50%, 100%

Z3]: GB 43630-2023, Chinese technical standard (2023)

CPU HIZE Fatoll thet oA && At v=3 22 42 T =2
S

cpu_ij

ecpu,ij

chu,i = Hlycpu,ij
it ¥ H2E FRE UBhD, = B £2e et S, b 7
=]

B =E G, j)oNAel Aarstd 4% (29 point)S YERAH, e

cpu,ijt
7t H2E @i )olAe] Awel AE vl Wh), R, £ H2E
FF()e Pl WE oA TE(WS: poin/Wh)& Uehath p e 7
H2E §34E 7ot 29 /MFE vehdn mze ¥ 2EgA HAE
FotE Ab=Estr] g 742 ole & A
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S

mem_17
7mem,ij = ¢ mem i l lymem ij
mem_1j
St i d
Ysto_ij = ’ Rsta,i = l lysta,ij

sto_ij i=1

CPU, M2d, ~2EZAd 3t d4x a8 3+2 JelNE SEE

chur

SEE., ol W&H™ ofg) £43 o] AFAE HAEdte] AT AWM U

BE E. = AT

Serveyr

SEE

men

E..., = SEE’%® x SEE?? x SEE’®

chu Wy m sto

ol AE A A%

1) 2dolHAE ¢
a9 Fa 2oL eoEAlEe dux &

2ol PUEE 7IE2o 2 HolEAlE JASAEE

4 HnE 98 o s}

!

ol

o
'ﬁ‘
K

£

ﬂo
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<HE 2-32> slie| F£2 H|0|EME ISH=

=7} A=Y &

tlolEAE AUAALEF 2 ZAH H%rEe Action
Plan, Best Practice 9% Bl

o= CEEDA AUA ZE&PUE) 2 A Bl & 55 F
PUE 7]4te] Q1% o= PUE# 3 A4 PUE &< ¥l
st &9 2% 9 2ggd Ho

E4]: 2023 A)128] JdE ol HAEJSFSAHE, s=dolHAH AT

4 CoC

n= | ENERGY STAR for DC

AAE Ball 7% o4l oA Ea&e DA

TE Hol= o)1= AARAS
e = Q= Fo A FHolE7}

g AF5Fol FAx+= Hzg A 9H Ho|H AA A HolHAE 2

el = o T PUE 4% 9=

Ao7bs3 A%
37} (SSEC 8?;@3;%45 CDC H7171% Ver4 GDC 4757}
== = Ry [e) - -
N2 | Vo s A sa | (PUE 808 + 128F 03 (dPUE)
Bronze (60~6974) /
2 4PUE 1.7x
= =4 o =S o
2= [ siver (0-19%) o1 e o e 0
o < Leruriel < Lertrel
°om Gold (80~89%) ° e
Platinum (903 ©]Ah)

8 o] o
iseh 1d 14 o
NES .
1o = A
N 4 18] ) A
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TE BlF qHIdF AAAF

PUE A& o] Bax7t
gdasiy DC ANe, IT ¥
st WA YA, A
U, ¥ 5% JIE
g A 25 HeolH
7F 2% Ak &
EA: 2023 A1123] 2P oAl EJISAHERE ], S olBAHAFS] (723D

A Eme oA
Hlo B Al E
(IdA) delg v H)

A% 1dold 29 o
St wlolH A

JdEelHAEJAS Bk o ok o] A A A% 80H, AHA A%

204, 7Hd 53 &3 1054 T o= Hrhvh APy HEG

<& 2-34> JEIH|0|EME CIESHME Ho|=

TE LUK 7H - P
80 F A8 [ IT Ay A
+1 pPUEcooling &4 of &
+1 EEcooling &7 o] £
A A% +1 pPUEpower =4 of 3
+1 EEups &4 o %
+1 CUE, WUE &4 o5 | 2 0.5%
80 +5 80(+5)
BEA AE 20 HolEAE 1A8F HAX
=% 100 +5

S50 2023 #1123 2 dEClEHAE A SAE 3, F=rH ol B AlE A3

A A®Q Az} &4 AEPUE)E dolEAE A AFH7} 7] &
wel A3 PUE S AEshe 9291938 43¢ 53 PUE 5 2 74

ISO/IEC 30134-2:2016 X F54)9

A

)
filo

ofe
(0]
=
+
g

i)
o
fu
o,
N
s
ol
Ol
=
e
C
m
o
o
o

54) ISO/IEC  30134-2:2016(Information  technology—Data Centres—Key Performance
indicators—Part 2: Power usage effectiveness (PUE))
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PUE =

A Ax O FF AxEe volEAEdA 1Y 25 HAE(FH)E AA
Byt AEsta S A5 Tl T 2089 A= Uit 1
Axes A AH B G 2ok A2 BokR 7Y F 409 M) FEoE 74
™, IS i 718t s71E 5ol sl AAE7FE A8k AdE A&

|
A&7t AAF7IAE 2duolBAE JASHds]e] HAES T8 Hrih 1y,

ol BAlE FE S K-glA&er](K-Taxonomy)55) =4 5§ & U4
zzo] 244 564 2 ArlgS B Aw A 8 59 =23 fol tig &)

ge s g ok =7 wiEAAA HF 7HITHE(BAT) A Al Al 3R A

S 2d7t wled Ut 99 24 At HAEHe dge] TAydit,

40

n
10
L
i
o
>
H’
o
i
H
m
I
Hu
s
0x
1o
o
ol
o0
s
o
ol
AN}
OH
O
X
o
_O'L
M
20

| : ®g
HRY SMFERAA
o5 742, RN NS

(https://www.greencertif.or.kr/ptl/cDefinitionC/summarize.do)
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(&) IT717] A A2 | dgae 7le

(1) =A71ERAT ¢ cUA S} A& Hofstal Gad o Agste 47k~ 8l ef=d
o &S Harglste V&
(2) SA7IEAIFE A I SA7)ES A8 AFOE WifE FHOR 8 AIF
(3) HAMEZIY &l - WA F ojEdol A AT e 7|z o7k vjEe] 20% ©]
3 714
SAZIEdA Mgl dEE Jede Az" 9 Wy wEA,
JISWEFA, 219 AFEel glen, old did IHriE B 8T7H=
|ErES ok #eof 2o
<E 2-35 s47[E dyvlE ' VlsTE
74 Q7= NETE
(th) Z-IT S - CPU/GPU/DSP &9 o] ¥ F 7 ol
(F) A" Hes) 74 *fxw o2 7A
(&) AEE BeH € - GPU A4k = 450 Mpixel/sec ©]%
g
e e 2% dojel |- USB, HDMI, ThunderBolt, DP, Pcies-¢]
G AR M deidels A& | FAH 272D B
~ . _ 131.&5_'7__1]:_7 ZAzA 9 ;q;é}/\ T+
() =g Hh=A i a7zd wE g4
(o) 2-IT
() 19 SW & &34 PC/AH - PC/Mw W e] 71& 148 vl oy

AAEF 10% o] A7+

24
ey & son | 7171 AR 201 | - ID717] A 2w 2% =t wyE
Coy Tt o] | 28 EE A% wAg dH oUAAEE 10% ol
2 Y omgEy e | 4 aw
(th) 24IT
(F) 79 SW & &34 | A% 2048 |- A& 4049 B2 7% WAL o o
@) 1717 oA A7 | el 7] WA E 108 o4 H7F

&2y
(o)) 2™IT
Z) 19 AFE VEIFHAE -
O TR ae | e |- % MEAa A ws 501 9%
- pud A=} (¢} —

dof A&
(o) e AU | - D 71%0] Aen AFe A &
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TNETE

" E B
e N
& b
~®F %
= e o o
N ~ o
TE S
W,
— wK o
63 v
- ur o ™
e
U - Nlo nﬁw ]
W o T
— He —

jang
JHAT,:QU Nroﬂrﬂ
— Ny = 5
op o 1| 7 Mo
o wRT O T

OIURIXH 282 8, HoHY,

SAERII0E &

w—
e

Yo
- " X

A
il ~
N .
<o (A
& )
=
b
—_
o
,mMO
.mmo
e 2
il R
-
o

(3 19
(&) 19

2 A,

60

L71ZD 707 0|4F (100%™ 2r) & 707 olAo|Ciate 7R Diut47t 708 0/gt K|

= 703 o]delojof 3
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(1) AME &4 AAES A&
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(&, ZEAA &Ao] 37] o]l MY, Bdo]= Al2~H(Blade System), 17 WA
(Fault Tolerant Server), 9EI=E AHE= A9)

Aol tdk 71 HA 7= ofl ek 2o, A dis) v 7HA =
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84 54 ET(SERT)E B3l AW HY a8&48 Hrhste] dolHAIE 9
g AMEFE HAHZEta, o)F T duA Ze&A, vE H7, 3 BT
TA &5 9 olHE ATt EF, ENERGY STAR Z=I33 HHgh
#do] Qlom, AXRAEL SERTE Abgstd AFe ouvx a4 S
Z43}al ENERGY STARS] Q1FS wWhE 4 Qlth ol & B3l 4vlxte} 713
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T3k, TGG(The Green Grid) A AAARJ 1T 2HFel A& 7S
FEANZ17] A o A 2ES NDEt AdstH, AW A
AUA 2eF R AW Uz &&4 H7}F EF(SERT)E =AH2Z &85}
Al FAHA FRuF 2 FY J|BoEH SF3iH dHoHAE 9 oA
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7h. =9] SERT HI°|H && AHl= T

SERT(Server Efficiency Rating Tool) SPEC A9} wj=t 3H7Re}
dEsted A duA 2&S FAs7] s NdE =7clth SERT(Server
Efficiency Rating Tool)= AWl A &5 =A== =72, Data

2
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SERT(Server Efficiency Rating Tool)2} ENERGY STAR Alolel= =g
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ETE U &8 A E 7HA L Jo 8 &8 Boke ol #E9f 2

<F 2-41> SERT(Server Efficiency Rating Tool) && £0}
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A EE4 U3 | B A EEYE PID 90k AF SRTE 59 398
A N2G VIR, ST AEE oA HEA AES WS = Ik

g e | SUAES SERTS 34 AsE Bsel, o AFel Aug)
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(1) A Fg A8l o
SMART ENERGY DECISIONS <IAOlE Ul &o w2, <& 2-42>9F [19

2-29]% Ag #(PM)7F On dEl9} Off Aele] ©d AW FAol dia F
7}A] SERT HIZE HolEE AFsHEA F 711 #A @425 H3ch A
HAlE A A &437F AW A8 85 £ SERT IFE
Holth, AY $£2E Hybrid SSJ &Y H3t AEA Bl2E F 8719 o]
T3 A7 ol A Fol &k A #AE 7 On JElS] A¥ o] SERT M4+ 26
23.4%, A F7t Off el Awol vsl 13.2% /= ATt SERT &
T 7HA g2 MW FA e Aol a84S BEeA FEeta, A8 #ert

FEfe] AWzt M= #efrt Off defe] Aol nls] A2 vl d5&
AFstr] g8 o AL AgE AgdTE S BoEn SERT AFE b
AzAdA ] A8 et ¥Madg £ Ade ALY FJUHE AT F A
dolE-AE FA7F 7 E&HQ AW FAS Hddstes b =
Atk v AE #E A 5
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Ay #eg dAe Ao Astes EE dEdAoldolA
otyH, o ZElAlold el 54l wet g F Ut

T WA= AE #y 2437 A #F AY 88 I E]lus
Holth <3 2-42>0lA4 & AHe Aol 72 W(-41.3%)°1H. A H 7} 80%
AZE EE R dElolaL, A7) BlEo] $0.10/kWhetal Z7H s, Hel aeld
Ars Azt 500 kWhet $50& AoFd & U tharE dHolE-AlE ol A
oj#igt dof2 Az FAIRE 2o o]ETh

-
off

ol
-

)

CE 2-42> EPYC MB{e] T4 HIE i 2 Fe MY, 85, 584 4 =gy

o A9 #e | AY v | A @ Off 4
On Off 71& 2tol(%)
Z2AA 24 5 2 2
vl 22 &FHGB) 128 128
DIMMs 7} % 8 8 -
gx3 Seloln )4 1 1
023 Ego]B gg HDD 7.2k | HDD 7.2
SSJ 12.5%(Watts) 157 189 -17.1
Idle(Watts) 103 175 -41.3
SSJ 100% Power(Watts) 260.0 277.0 -6.1
% SERT d% 26.5 23.4 13.2
Hybrid SSJ 24 -3} < 15.3 13.7 1.9
AtetE CPU 100% A5 #te 713t 6.6 6.6

Z4: SMART ENERGY DECISIONS(2021)
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(0% 2-23] & 2% 2 Auio| HRsIE N5 of M3 S

Two processor server with PM on and off

Power Demand (Watts)

(o] 1 2 3 4 5 6 7 8
Normalized Performance: SERT Hybrid ssj worklet
—e&—PM on < PM off

Z*]: SMART ENERGY DECISIONS(2021)

(2) SERT HIO|HE o] &3 HlolEHAH AY 8 9=
SMART ENERGY DECISIONS ¢lAlo]Eoll Al SERT =4 ©lo]El&= o] EJAlE
2] B3l £HS FFAI = o AT e e MY F85 vushs
o AHEE S ko At (29 2-30]2 AW A} R3F &3Fo] Ho]E
AE] A 2vle] ofBA FFE PAEAE FHOE HAFE AT
SERTAIA SAE A% HolH+= 715A7F Fo4d Ae[1d 2-30] == H
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(02 2-24] M5 SEES LS| 2As) Best Aule] BT 52

Individual Server A Individual Server B
[MaxPower | 204w [Max Power 684 W,
Idle Power W \Idle Power 265 Wi
ilsa utl Power 11w 25% Uil Power 34w
[1dle/Max Ratio | a7% [igle/Max Ratio a%
|cPy | E3-1280 Server Power and Performance Characteristics e £5-2699 V3|
[Memory (G8B) | 32 |Memory (G8) 384
SERT Efficiency SERT Efficiency
Score | 38 |score 9.0
Weighted Weighted
OH;:vmaMe o1 9edsv‘man(e M9
Server A data center footprint Server Count and Power Demand Server B data center footprint
Quantity of Servers Required | 199) to Deliver a Quantity of Servers Required | 9|
Total Performance 201 Total Performance 224
[Total idie Power | 1914w Performance Goal of 200 [Total Idle Power 244w
Total Power at 25% Utilization | 22.1 kw for a data center operation. Total Power at 25% Utikzation | 3.1 kw]

Graphical depiction of the number
of servers deployed to attain the
required performance.

Choosing Server B is more efficient because each individual server delivers a higher level of performance:
Server B saves 146.8 MWhr/year in idle mode, despite the individual server having a higher idle power demand

Z*: SMART ENERGY DECISIONS(2021)

ENERGY STAR 1% % 43 % SERT =4 HlolEH = dolHAIH Y AAA
Akl g8 HUE Ae, A8 HRE AFste #AY B L FAEES

FTEAZIAA HolEAEY duA AuE Folial A YA HE&S
Aokt d B8] HeE AW 7 2AES WE & A SET ENERGY
STAR 1Z¥ SERT A dHolelE &al dolEAlE e oux 84S
BWrbstal, ol & vt o2 AW o 2A-S e F 9lo] dHolEHAIE 9 oz

2ME Eola 9 H&S A4T 5 AT

(th) TGG(The Green Grid) SERT &-& Al
TGG(The Green Grid)= HZF AH&A, AA dekAl, 7le AlsA, A2 AAA
2 fFEgy A dolEAHY Ad E&A8e s Qs d™ske
Hl g2l 4 HaAdolth 20070 ZHE o] 7|7 HolHANE, 4+ 874,
Hell A3 AFE TP,
ol H% 71EH FH =7, 5 AHEE AEsta Aok E=3 201946+

FE AT Y 22 Aecte 22

&AL Hutol 2 5o oA &S FEATI= T

- 133 -



2 AAE A5 s ElolEAE A oA 2 A4 TA
AHsE g5y 98 A AAHeR wHeT U TGGE EolEAE 9
& Qom, ols g8 therat

ko
o
oX,
2
fu)
o
=]
MN
%
2,
ofy
m ey
o
4
=

Tool) =7E %3l dlolEAlES] AH
ol A &FA7F A e] A a&48E 7H*_‘3}57_, MR AHE Fol=
b =20 He HRE AFIAT T66e A AAL IT AENE, A, AR
1% T3 dEste] duA aeAd AL JHed T 4S9 v AHEE
Ffrstal, olE Sdl T e AE ThsAS FA7IL Ao [1H
2-311A49 TGG Z2FolE FA 2702 Committee® Aol Z7|2 &

AZMA 93 SWG(Standing Working Group)® €AIZQl ZzA e
Elg Z2AEof FFdh= AWG(Active Working Group) 2.2 Y o] o
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o
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=
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[12! 2-25] TGG(The Green Grid) 18 =&z

SWG: Standing Work Group (long-term,
topic focused group)

TGG Groups e ———

| project focused group) or special projects

Global Technical Committee
(GTC)

Govt. Engagement Committee

(GEC)

Praductﬁcular iquid
Japan Liquid Economy L'ql‘,'
Programs Data Center Energy Cooling (PCE) Cooling
Efficiency — - | Advocacy
! Y Power Distro / Server &
Technical (DCEE-T) System Storage
Data Center Energy Energy (SSE)
Efficiency — "
Standards (DVCEE-S) Netv_vorklng
Compute TCO Calculator Liquid Cooling Equipment
Metric Infrastructure & Handbook Energy
(ITE-EE) Metric (DCEE) Update Effectiveness
EPA ENERGY . China Work
SERT/BenchSEE — STAR DC Score || SPECSERT Ll
Liquids Data Next Group
Results
- Table
Collection

Z2]: The Green Grid(2024)
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2712]  Committee=  GTC(Government Engagement Committee)<}t
GEC(Global Technical Committee)Z ¥ =dl, GTCx dHlolHAE A<
TA/EZES e BEE g FE 2HS @ Zu =gl AdEHE 993
ZZolth, GECE TlolHAE Aol #HE HFTES o= FHzs
Mdste= €93 =Folty, 4 =xZ vt SERTE #&3h= WG(Working
Group)< & & Qth GEC %7 W= SPEC SERT Next AWGO.Z &53}aL
3, GTC =3Z Uedl+= SERT/BenchSEE Results Collection AWGSZ

gEsta Ao 7 AWGS] &2 offe] ®eh At

<HE 2-43> 2| 33 W =AY & &5 WS
AWG(Active Working B3] 998 =7 25 e
Group) 23 o]& =
SERT/BenchSEE GTC Au WA uk= doly £3&
Results Collection (Global Technical Committee) | 913 DropBox
GEC SPEC H2-E FE thg WH<&
SPEC SERT Next (Global Engagement Committee) | ¢+ 7t o

Z3*]: The Green Grid(2024)

TGGE  SERT/BenchSEE  Results  Collection AWG IH< 53l
DigitalEurope® ITI WHEY e F9 FAAAESC] 4 &7 AHFES
FZ8AY &2 SERT 2349 A 54 £4 & AFshr] fs 4 Hole &
grsta i, oF 7o 8 A st ARE AFEFa Ak
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. A RALS

No| Roale oS CPU Memory| Disk Pre-Requisite
- H2E HEEH MH
Red Hat 11 JR) Xeon®) ~ Java 11012

1 ZAE & |Enterprise Linux

Gold 6140 CPU | 256GB | 500GB |- SERT v2.0
A8 Server release

. @ 2.30GHz (PTDaemon v1.10.0)
7.8 (Maipo) (CCS 1.2.6)
- AnA %8
o |- .
2 7;‘1;7] ) ;?E ;’}j gvism 271 - BFAY H2ES
B =71 YoKogawa < Breakout box
5 L% | - »d9: LinkUSBi + T-Probe B
AA | - AZAF: ButtonLink
3 CIsC A4
Al )4 Red Hat CentOS ’ - Java 1.8.0
4 36 core, 2 CPUs | 128GB | 256GB
A ’ —
J¥(D) | Stream 8.0 @ 29GHz SERT v2.0
_ CISC A4
A&t |Red Hat CentOS ! - Java 1.8.0
5 48 core, 2CPUs | 128GB | 256GB |
A8 | Stream 8.0 @ 3.9GHz SERT v2.0
_ RISC A€
A @4k |Red Hat CentOS ! - Java 1.8.0
1 4m@ | stream 80 | grg’oégfm 04GB | 29668 |_ spRT v2.0

2. HIAE AR}

H 2~ E & GUI(Graphic User Interface) =75 %3 A3aslH, 1) SUT(HIZE
) A 24 9 A4, 2)H2E 37 FR 4™, 3)PTDaemon(Ad, &%=
FREzaA) A4 D A4, HHZE YIAZ=(UUM) BA, BHZE F3,
6)23} Hi o2 APJ}

7h HEE A At

No Az} CA R

- AEZY At AdHEA
11 A48 %2 HEUDE HL“" '811 i
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[ —
| Amloj| 3 S —
Feis U
HAE |- HAE 9a2E Ad
HAZE |+ mag A Boix] 4% A
pS| " .
Gk Use Auto ranges" &
of 510 AP HAE £
*JlEt H3EEE REE
&0l It
- H2E %39
HXE
23 *HAE 2O SQIBIHM HAE
= Zat &l

Results
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3. HIAE Z3}

H2E ZI+= results.html’ Lol A

928 8 4 45 23 d AN

gelo] 7hssith.

7 T4 A A

2 3}
2 3}

R CLICEELS

= 'results-details.html’ 1} ol A]

H2E A% 348 266802 oUXxe Hi QTARK3I04%) 2
BE A5(46.44) Boh JUX BgHol Re Ao YAt

<E 3-1> 24 AAF M| B|lAE Zh}

Workload Efficiency Score
Idle Watts | SERT Efficiency Score
CPU Storage Memory
13.4 302.7 61.5 2421 26.6

(32 3-2] 2AF AAF M| BIAE Zo} 99

i |

I Summary

Model

| Aggregate SUT Data

Number of Nodes
CPU Name

1

Total Number of Processors | 2

Total Number of Cores

36

Total Number of Threads

72

Total Physical Memory

754.1 GB

DIMMs

12

Total Number of Storage
Devices

1

Aazed A A3 oe3 2o 24

azr=+= F 370(CPU,

Storage, Memory) EoF2 UH™, ¢ =8 CPU 770, Storage 270, Memory

2hE 49t
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<E 3-2> [ AAL ME| HIZE Q3 2= ¥ Zn

Workload Worlet SERT Efficiency Score
Compress 11.224
CryptoAES 17.641
LU 17.250
CPU SOR 11.077
Sort 10.154
SHA256 18.993
SSJ 10.437
Sequential 121.767
Storage
Random 752.343
Flood3 20.890
Memory .
Capacity3 180.811
Idle Idle N/A
(O8] 3-3] =4 AAL M BIAE fIF2E ¥ Ho}

Worklet Summary

watts Normalized Performance Efficiency Score
o 200 400 600 800 1,000 O s 10 15 20 25 0 5 10 15 20 25 30 35 40 45 50
Compress oy [N A—a
CryptoAES L ] e . . e A————A
w - -t A - A
SOR e —ie AA
Sort -0 .- e A - A
SHAZS6 . e - - e A a
s5) oiiiie eiiiiie AirA
o 100 200 300 400 S0 o0 100 200 300 400 S00 o0 500 1.000 1.500 2,000 2,500
Sequential \dle Power .o -
Randon - -—a A—aA
o 200 400 600 800 1,000 © 20 40 50 80 100 o0 50 100 150 200 2%
Flood3 Lo . A
Capacity3 .
Workload| Worklet Geometric Mean
Compress 8.642 3426 490.1 4794 427.1 11.224
CryptoAES 14.367 368.9 526.1 7.944 450.3 17.641
W 12.999 3373 456.9 6.999 405.7 17.250
CPU SOR 7.671 3237 444.3 4.250 383.7 11.077
Sort 7.511 341.2 4624/ 4.152 408.9 10,154
SHA256 13.559 3199 465.3 7.504 395.1 18.993
SSJ 9.207 295.3 510.0 4.336 4154 10437
Storage Sequential 44,668 257.6 265.0 31.816 261.3 121.767
Random 280.602 261.1 268.1 199.054 264.6 752.343
Memory Flc)éd?: 10.503 503.2 506.4 10.545 504.8 20.890
Capacity3 87.954 486.4 486.9 87.954 486.4 180.811
Idle Idle n/a 2421 242.1 n/a 242.1 n/a
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. 94k BAF A
T4 ARE AEeL 22 AAlY CISC CPUZE g2te 9)ab BAE A1H 9
H2E A3t 332 260802 =4F AXL Aulel AaH26.674)k HIsdH

<& 3-3> 24k BAF M HIAE Znt @9f

Workload Efficiency Score
CPU Storage Memory
17.9 382.4 33.6 135.9 26.0

Idle Watts | SERT Efficiency Score

[0 3-4] 2|AF BAF M HAE Z3} @0k

y |

SERTH Aggregate SUT Data

T iy S Model _

ceu

Storage

Workload

1] —
2

Total Number of Threads | 9
Total Physical Memory | 1252 GB
Total Number of Memory
DIMMs
Total Number of Storage |
Devices

0 50 100 150 200 250 300 350 400 450 500
iciency Score

<E 3-4> 24 BAI MB HIAE 7 2= ¢ Zo}

Workload Worlet SERT Efficiency Score
Compress 10.303
CryptoAES 10.558
LU 26.925
CPU SOR 22515
Sort 22.125
SHA256 37.347
SSJ 10.954
Sequential 161.212
Storage
Random 907.134
Flood3 9.966
Memory )
Capacity3 113.463
Idle Idle N/A
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[O& 3-5] 2AF BA} Mb| HIAE 93=2= 9 Zo}

Worklet Si y

Watts

Normalized Performance

O 200 400 600 800 1000 O 5 10 15 20 25 30 35 40 45 50 0O 20 4 s 10
Conpress e P o .o oA
CryptoAES L .0 AA
w o - e —a A A
sart [——— - e ey
SHAZS6 R D A A
SS) L .- A A
o 0 10 1% 200 20 0 50 100 150 200 250 0 30 1000 1300 2000 2300
Sequential e Power - -~ A
Randon - i i
O 200 400 60 800 1000 © 20 4 6 8 10 o S0 100 150 200 250
Flood3 L . A
Capacity3 - D —1 S —
Io Watts e Normalized Performance A Efficiency Score]
Workload| Worklet Normalized Peak Watts at Watts at Geometric Mean of Geometric Mean Worklet
PrEORE| 2TEE | performance Normalized Performance | of Power (Watts)
Compress 5.953 265.5 426.2 3.297 320.0 10.303
CryptoAES 5.800 256.3 390.7 3.209 304.0 10.558
LW 22.168 279.9 629.5 11.991 4454 26.925
CPU SOR 14.846 269.4 471.3 8.215 364.9 22.515
Sort 16.677 288.5 567.7 9.223 416.9 22125
HA256 26.296 290.3 508.4 14.528 389.0 37.347
SSJ 7.825 240.8 440.8 3.673 335.3 10.954
Storage Sequential 44.590 194.8 198.6 31.710 196.7 161,212
9] Random 245.244 191.3 195.8 175.562 193.5 907.134
Flood3 3.595 361.9 362.1 3.607 362.0 9.966
Memory
Capacity3 61.384 541.0 554.7 61.384 541.0 113.463
Idle Idle n/a 135.9 135.9 n/a 1359 n/a
o, =4 CAF RISC 71%F AH
= [e)
=4FCARS] RISC CPU  7IWE Aol SERT 2 HXE Ad FHL

107.23 02 AqUA2E i TARN26.4) 3]sk, ol 27

s tha B HOE ZYHE AL B F 5 Ak

<E 3-5> =2 CAF ME| HIAE Z1f 9
Workload Efficiency Score
Idle Watts | SERT Efficiency Score
CPU Storage Memory
83.3 951.5 120.9 56.2 107.2
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[O8 3-6] =& CAF M BIAE Z1 29

Y
™
SERT Aggregate SUT Data
SERT Efficiency Score=107.2 Model

Number of Nodes
CPU Name
Total Number of Processors

Total Number of Cores | 80
Storage Total Number of Threads | 80
Total Physical Memory | 630 GB

Total Number of Memory

Workload

DIMMs
Total Number of Storage | ,
Hemory Devices
o a0 0 0 a0 S0 &0 700 80 00 109
Efficienc; -y Score

<E 3-6> 2A CAF MH| HIAE FZ= ¢ Ao}

Workload Worlet SERT Efficiency Score
Compress 49.684
CryptoAES 39.736
LU 58.289
CPU SOR 64.983
Sort 72.210
SHA256 1,450.874
SSJ 35.498
Sequential 345.558
Storage
Random 2,620.141
Flood3 50.531
Memory
Capacity3 289.388
Idle Idle N/A
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(12! 3-7] 2AF CAF MB| B|AE 932Cc ¥ Zq}

Worklet S Yy |
Watts Normalized Performance Efficiency Score
o s0 100 150 200 250 0 100 200 300 40 S60 O SO0 1000 1500 2000 2500
Compress [Miegomer 5 - -
CryptoAES e . a
w L 1 - -
SOR .. - -
sort . e - -
SHAZSE -~ - A4
sS) ot e - a
o 20 0 & 80 100 0 50 100 15 200 250 0 1000 2000 3000 4000 5000
Sequential Idle Power | om Py Ad
Randon - - e Y
o S 100 150 200 20 0 5 10 15 20 25 30 35 40 45 50 O 100 200 300 400 %00
Flood3 dle Powery, . A
Capacity3 . e — L
[® Watts ® Normalized Performance 4 Efficiency Score]
Workload Normalized Peak § Geometric Mean of Geometric Mean
3 nce| of Power (Watts) T eore
Compress 9.960 834 150.1 5.528 111.3 49,684/
CryptoAES 7.165 79.5 1323 3.965 99.8 39.736
L 13.348 91.8 170.0 7.509 128.8 58.289
CcPU SOR 12,048/ 79.2 1288 6.666 1026 64.983
Sort 14.571 83.8 1425 8.057 1116 72.210]
SHA256 254.685 77.6 117.5 140.889 97.1 1,450.874
) 7.718] 70.4 147.1 3.631 1023 35498
Sequential 30.783 60.8 634 21.458 62.1 345.558
Storage Random 220.716 59.8 60.8 157.910 60.3 2,620.141
Memory Flood3 5.958 117.4 119.7 5.990 118.6 50.531
Capacity3 39.973 136.3 138.1 39.973 138.1 289.388
Idle Idle n/a 56.2 56.2 n/a 56.2 n/a

4 HI2E Za 2N

AW i A B&4 34 =7(SERT v2.0)5 &85t BI2EZ A RISC
AL =4k AW ZE&o] M w2 ASE YUBERH. o= vl oA 2E
AT M Zokoll TAE AW A && B Fr(46.4%) 2t 28 o]
T2 Aot =3 L3 CISC ALe AHEE =4k A AHet B AB 3

HeEe vsd e BRI ole 94 Mugta Fxd oux &E&o
EoHe Q140 BEHASS AAbat
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<E 3-7> MH oiX| &8N HAE H5 Q9

No A CPU Memory Disk | SERT v2.0 %4
1 =4 A A 36 core, 6.6
(20179 &A) CISC 2 CPUs 128 )
2| 94 B AH AY | 48 core, GB 256 26.0
(20219 EA) 2 CPUs GB )
A C X
3 (23033% Qfﬂ F;:lllg‘é(; %OCCISLrJil gg 107.2

T8t oA &-& F3-2 Core &, CPU 47, Memory 2 Disk 7% 2 &3 5ol
w2} gefsiA M 5 AR B 9kl E Bl AEd A= CPU AlE(eEA)dl w2
ATk vlepEokS 7, CISC Aol AFET RISC AlFe] AFY oA

4 At Al JEhveE RS g9 & 4 Aok
gk o2 RISC oMEAE CISC olZlgXol] nla] o] ol
HEo] AdPAzte] vl Fu J#AHo|th EF RISCE HH
TS =ol7] fl8l golZEel, 7] dF T V&S AMESL
CISC olEAE Tde 7eS AT HEFT wWHol AHAEE
Agate] T HE o7 oy RS sty B 4o dAiE S
AEF T} oo CISC Z2AAE st=Edol7t o H3sta, HE

3

)

842 wol7] A5 Be ol Hodof axE AT st 2L 54
u], =
_‘%_

E?

4=
l
o
=

g

& RISC o718 A& F2 Aut= Al2", 4
SolA AHE Aes FF A7 A8 5gHs Fo
AA vlolEAE = RISC oF71El A (o: ARM ZZA|A) Et} CISC o} 8l A
o: x86 ZEZAA)E HATF AWME © w@ol AHEsta Atk dolEHAE W
B SW7F x86% Z|Wroe g JfdtEo]l o &g AEAE Wi, IwF
fFrARS T g Aol A3yl wiEelth sHARE AAH/E &)
TAAEE A7 =eigel wel AR/ HFE okl A ARM 7]yt
Aol Fa7t F7HE 2oz qFHTh olyd FAd FEFste] oyA
TS AFHoZ A3 oux g4 AAHoR AT HnT &
ste], = AW AL, dHlolEAlE &FAMEC]l A vl

=
ago] e ANE HUY 5 JEES Ao WRY Zlolth

A==

ﬁ
jin}
o
iy

—
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H2E olHx| 9 e = = et A=

1ol A 37k Bred el Amol tisl SPECS] AW oluA E&4 W7t =
T(SERT v2.0)% AH83te] oluA &84 HAES Sasta 1 Ao ds
A EARGT ol HAE ARE Fokel T4 AW G4 U B
2 383 A LTA 7120 WHET & Qo FEG AT} AR
& B3kl ) st A2l 59 A e oA R 4y AHE v
@ 5ok 2 3 B 5 Aok
T3 ITFTGES] HolEl e A¥ %8 9% AT SPECS] MW ZIFE of
UA B840 FAE ATARNAE Jush Axde) U AP S8

£ S5 AT oY JhA 1Y AFEC Basts AL FAT & Aot

[0 3-8] MH olHX| &84 HIAE #H SHAX=

= P T — v
dE 22| 4o E MY 2 | CPU MZ=AtE SPECpower 85 EX
Two processor server with PM on and off A B
30000
300
.”_." 250 25000
2w |
2 20000
g 150 %
g g
e 100 § 15000
] a
H 2
8 % 7
10000
0 o °
0 1 2 3 4 5 6 7 8 N .
5000 g
Normalized Performance: SERT Hybrid ssj worklet °
——PMon PM off o

Z2|: SMART ENERGY DECISIONS(2021)  &4: TTA A'd 198%

il B A Azl oA HE&4 HAE A ASE FAsE AL
SHH0E AYHAAY FAE Aol UHoly] WEel, B FF(/F 53
AZAE A @ A7 & 542 E2ATL YA 8T AR Yz

AR 89 AQE ey s BF

iE o
i
i~
2
k=)
il
2
=
N,
fol
o
oXx
=
[
|m
i
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59 494 SAAE Furt Basith F T Aol AFW AW oA
ohe] A Aule] ol E A
dlole] SHisk AFshe, ol WEA 3% FEstel ddHe 4% A%E £

é
_‘rﬂ
rlr

A=Z SHAAE AW UA] F4 71€S T HFH o2 =943H7] sl
% 7 dAE AEE 5 Atk B dake G4, g20] n=e oA e =
22IRE Aol =437 A 1A Aoy % 3, dAFH] =9 HAE
Tl =4 AAAA Y FALS HA3E 7 AT

5 WA BAE v= ENERGY STAR Z2I13S B3] 4+ Au AFEH AF

24 AFSLE Zlolth AH AFE Hdl FU AW ARAE 2n=
|#& %30 "= ENERGY STARS} £%3tH AW HAFH HAES &
S3jlof gttt o] & 98] EPA(RI T 37 Haa)olA A8 AldA 2 Q157
(CB: Certification Body)® @#3ljoF 3t o] HAHolA 7 &, A=A =315
HF5T & Ak sARE AH 1S thre] v &34 Azte] E31, oA AFuo
2 I &3} w$ oo el Utk

T A gAlE A4S gold E HE A4S 8 ve $H RS
Ho]E B3 ENERGY STAR 43S AEE AAste] =4 ENERGY STAR <l
S FUolA 3= FRlolth ENERGY STAR T2 9 A 32 A45<)
e AlME =W H-dF718el FSJAAFAH(AF MLA)S AFAF
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