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Fig.1 Schematic diagram of parameter change law
under different server working states
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Fig.3 Schematic diagram of server CPL phenomenon

R AR . & 3(a) H ik B (=650 s fff i CPU T./E 4k
BT RN, R W, U WS DO 33% 284k =



KA, A BT CPU T AR R IEAT I L A5 5 0 Bodis v IR 55 45 2 AR A2 7Y

SO 42% R E 2 31% . Mol 2.1 2.2 95 fir ik
HEIR ZE AL 1 B A R L i ad R ik 3l A
T () i CPU %Ll BE Ty M (12) BTl 55
A UIFE Pl 8 A7 b i B ) 5 850, 80 Ty RN P 5 AN
W& A=Ak, W& 3(b) L (c) s o

TE =750 s, & B M55 2% g 3 il U 77 2B
5 LIRBYER , Ty JEAG 20 (8) T i 1 I 5 48 38 AR fb FF
P, M 56.8 CAA 8 TR 59.1 CA A, i 3(b)
FTR s PL IR A 20 (12) A 128 W 24 F+ 2 145.8 W
g 3(e) iR .

A b A B BR AR A R R 132 1T 5 O @ B 17 05,
Q@A LAWLI F) , B AR B AT OD M Ubsy A R
34% GEAT QO W Ulpy A2 42 % AHXF I R 55 4%
IhFE PL 20 22 19 W (3z 17 5 O @ Zh #E 20 9l N
126.2 W . 125.8 W, iz 17 5L Q@ I FE 5351 2 145 W,
144.8 W), K 3(d) s .

A S5 45 R AT WL, Uy B BRAZ LT IS, I 55 4
iFES CPU FI 2R (14 XF L o0 A th B4y 2 B4
i 22 1 CPU F) 28808 T8 v % I % 22 19 IR 45 4 2
FEBUE K 3() s, CPL B4 . CPLM & &

H AL GALTE T CPU R H 19 IR 55 #% D FEAL 7Y 7= 2F
W R 2 T MR . AR ST R PMTC 3 i
TF R B AR b HARBE CPU A [R) T/ bR 28 %o vk g A
FERAG A, e T CPL LA X kG5 1 52 i .
4.2 PMTCHIZ#HAEESHKK

AT $ HR 3.2 71 JUr ik @ A g AR L LA A 1k
FERAAMESH L (AR EN 20 CLEL )W
PMTC &%, B %6, U5 76 L 55 48 1z 1504t
TP S B IR 55 2% Ulpy  Téou Plopu fin Ve REFE B35 L
J R 55 4 DI FE Pl B0 il 2o fe /N A LA 3RS
KG)EXR(DHMAD PR EESH . 4 3F(5),
X Py B HLA B 5% C B C2(a) frs , ATk B a
bo by P BIHERR Z 805 T30 (1) 1 Py o AR
INEHBAEE, W, P R Py 5 Pepw Z 22,
WX (7)) X P, LG Qi C2(b) Frs , R
B co B oy W HERA 280 51 X5 20 (6) , X £, B9 HLA T &
C2(c) TR, NV AR frvin Sones~ T Tonae T o 8 HE T
SR AR R (14) 0 CPU B IR E R B Ty, 10
LA W C2(d) BRI H BR B o, 0 0 B HE B S
. Rosa L BIPMTCHIG SR NE 1N,

®1 PMTCHIESHNIKLER
Table 1 Test results of PMTC fitting parameters

» . e s & S HUH
AR TR A i [ERE T4 . — . — . — . -
fik 45 %% 1 (20 °C) 55 %% 1 (25 °C) JIR 2545 11 (25 °C) iR 455 T (25 °C)
a 0.43 0.42 0.21 0.26
i b 247.00 245.00 72.30 40.45
H(5)
b, 35.90 35.00 46.01 28.50
P 46.20 46.00 20.89 17.90
o —184.10 —175.90 —219.90 —602.00
‘ (-1 0.51 0.50 14.98 1.64
(6) N N N N
cy —3.46x10* —3.22x10 * —0.31x10 2 —1.39x10°?
s 7.96x10°* 7.91x10°* 0.21x10° 3.93x10°7
Jonin 911.40 913.00 920.90 875.00
Jinax
=K(7) Toin 56.15 55.59 40.20 52.70
Tha
ki 75.20 75.20 67.40 78.51
Ho 0.21 0.21 0.13 0.16
#(14) “ 10.91 13.71 99.63 61.20
Mo 9.42 9.19 152.30 81.77

Fiah A (15) iR 228 bn M SR C R CL W
R AR 8 I TR R B/ ME ARG A (13) 5K
(1) AT Ry, o M EME . SR CEIC3JBR T
AR T B Riuse B A2 FT Ry, 2810 o I 22
TR 2 B /D (Rpwse=23.71 W, {1 & C3 rh &1 45 i
78RR B B AR Y BB A= 12, Ry, =385

4.3 PMTCHIATERIE

R 56 E B 57 B9 PMTC B9 dEB BE B 540 LA
CPU | F 1 JJy B R A 1) IR 55 4% T #E 5 780 LA K.
1A B SR 1 R 55 i 2 AR AR 1R 0E A7 o A R X
L s 2R PEAE A (linear model, LM) 4 B 4% Awi A 111
(piecewise linear model, PLM) . $§ % #& A1

http : //www.aeps-info.com 145



2023, 47(14)

(exponential model, EM) . £ I X f& A
(polynomial model, PM ) 1 % J& i i ) 1) £ 401+
(temperature considered power consumption model,

TCM), HBIRIR LM% D,

P 4 7R T B — R e 2

XF TR g5 Ay 1R SR

TR 5 S I DR A S R 25 1 23 be O BE Tl 30

¥E) o AT B, A R A5 25 (9% LUK ) Af
Ho , PMTC X 52 0 AE B 480 & B0 0 F 6, 22 22 T /0
(£3% AN) .
o 18f
b, ?ﬁ ;\3 9l
T IRGS ERIFESINE -
LM . ® . ;
5 000 10000 0 5000 10 000
Hif[a]/s i ) /s
(a) LMIF5AH 550 (g (b) LMiRZH 45 Lt
<18
w”_wﬁ_ %E 9} o
o RS RIS
-EMi 5 (E i ki . .
5000 10000 0 5 000 10 000
1 ) /s 5 ) /s
(c) EMI A 55 5l i (d) EMIRZH 55 Lt

240 -
g <
;160 u’“’”ﬁ z
= o ) u SR o
R B0 - WS AL
“PLMITHAH 8

0 5000 10000 0 5000 10 000

HiF[a]/s IS 1] /s
(¢) PLMi (-5 52 {E (f) PLMIR2EFI 43 I

——— F
2160 *ﬁ‘m =
R 80 MR AIRESIE
- -Pl\/{i+ﬁ{éi o ‘ ‘
0 5 000 10000 0 5 000 10 000
) /s I ) /s
(g) PMITHAH 550 {H (h) PMiRZEEH T
240, 18
MW j\_,
2160 ™ =9
2 W B fu?
L - R 55 DIFESINE O ey i
= 80p, TN ﬂ : ﬁmw
1 K _9 " )
0 5 000 10000 0 5000 10 000
il /s /s
(i) TCMi A (B 5 S e () TCMiR2Z 431
240, 18
F““F—P z\J
Z160¢ ,w"" X
® P ot I
= sol IR asokescf
R s TG iﬂ
0 5000 10000 0 5000 10000
) /s i ) /s
(k) PMTCI (B S ME () PMTCI#2 45t

B4 BREHE]IEMTEESIUNENIERIRETR
Fig. 4 Comparison between calculated value and
measured value and error change of server I model

P PMTC il [7 BEAL L CPU ) FH 24 Jy #5 7U

i A ) S A A Y v o T A
A ) AT HEEL, IF i B 1=

146

= ) PM (LA = ¥Rk £ 1
4 000 sk CPU F| =

cHMHEFE -

B BRI S 4 A R B L 2 1 IR 45 4R T #E-CPU A H
RS E L E 5 R . W LLE A T PM R
CPU F| 2 FIAR 55 45 TIFE I H XN K R, PMTC
T 51 AR RS B K CPU RO B Al 4 7 v i
HAEEREINMAFEE 3(d) Frw LhR1EN T IR %
CPL B4, AR T AL BT R 22

65T & sepam gt °°°°9!9
o PMi 4411
150F oPMTCHHEAH E
§ sesa iiﬂ" “"53
B13s
8 ooo©0
S| ekl !i“i“giise o6 o 88
o 6000
Snop °2°% g0 i
§888
105 s s s s ‘
20 25 30 35 40 45 50

CPURI /%
El5 PMTCX CPLESIERRENKLERBR

Fig. 5 Improvement of errors of CPL phenomenon
caused by PMTC

B, A SO R (15) X6 w4 BT 75 4 R0 ) 5
SRR BT 5 AR AR 25 Rwse » LA VAR 155 750 o 1
B, an B 5 C B C4 FrR o 5 HoAth % G2 B AL A
ARSI 2 1) PMTC #E BE H 5, H Rwss(3.71 W)
I LM (Rpuse=11.92 W) . PLM (Ryys:=7.85 W) .
EM (Rise=4.87 W) . PM (Ryysz=4.73 W) . TCM
(Ruwse=4.15 W) 43 5 BE AR T 69% .53% . 22% .
21% 11% £t

BR Rywse A1, A SCHL A FH LLF LR H 9 81 &
FEVEHr F6 A %o A5 Y E A7 VB BE DT A - - 38 2 X R 2
RMA}:\’T‘ZiLJé@X‘TEﬁLKB%% RMAPP\Rﬁ{ERRW *ﬂﬁ
ERE RELR v, HOHE T EIE LW s E. K EP
RRSVﬂ]RARSVFH%@T&*§;FUXT%{EMEE/J%J\ ERic A=
70 A A TR TRRORE ) 5 L A i s HH R Al o 1R 25 KN
(R RN R HORS B . FH DL B DA 48 B X AR ST 4R A
UL G Dy FEASE Y A7 o B BE 4o M7 19 485 SR Gn B st ©
& C4FFz. AU, PMTC 8455 i 48 5 2448 T H:
A% GEAsE A
4.4 PMTC & B HiE

5 IE PMTC B3 H %, A5 H ATk 3 65
S A8 IR 5 A%, 76 AH TR SE 50 U B (25 °C) R A 3.2
U FERL T ST ik o IS L PMTC, M 1 0]
ML 3BTRS 2R BT PMTC 28344 At AT .
MRECHECSER T 3EMES AN FELMMES
PMTC Ty #6115 {8 S iR 2= 15 00 o i & AT A,
PMTC 8 45 ¥4 e m W e )8 (R 22 3 o He T
+3% LA, LG B R B O F B 4 BT s i 5
1B 58 Ik 55 # T AE AR 7 1 o

PrRubZAb xR 2RS4 1 B9 PMTC LG



KA, A BT CPU T AR R IEAT I L A5 5 0 Bodis v IR 55 45 2 AR A2 7Y

SHT N A IR 55 2R E SRR E R R (1) i 2
B AFAE BT 25 5 (20 C I 25 T py 3 9 R
1091 f113.71) . X2 TR E S8 A (14)
5B IR B T, AR50 M (B A X (A5)
(A6 FT R ), B0, 1R 3B, R 52 3R 855 0 3
Wi, G 4D LR B SR C K Ch(a) B L 1E FR R
PR R AR R, HHPMTC % 2 & 0 b ¥ 15
+3% VAN, B B e B IR AR T PMTC g
SUR WAt ST N Nl AL TN

5 45iE

P T 1 B 72 e i 3R AR A 3 25 R X A 55 2 TR
BRI, IR 55 2% 76 CPU P sh sl By Bk AS /] TAERS T
EIMIFE S E MG, R TR 2 . AR
H— R CPU TAEAR A JE 17 I8 B A5 5 04 R 55 2%
INAERR PMTC, HA LR 24

D)PMTC il i 32 17 IR 55 2% W il B2 7 O 2k 45
158 o B, XA B R SR S Bk AT 0 A 0 A 58 A
R ST, ARy e HLAT A v 3 A

2)PMTC 7E #5537 o #2 v b b B AR o, ]
AR HE 32 CPU A% 0 T 5% 119 il 55 245 0 #E 4251
AL B SR K CPL 4, B AR AR 1 5% 2%

3)PMTC AR 4l CPU F F Z 1) 8] 7 51 4 4 14 °F
o H B O, KW CPU TR IR 28 I M 8 A 33 CPU
O B, T 3 A (o FH A AR v o0 IR R A Y A Ah
&

AR AT AR OF 5 98 X PMTC % 48
T A AL TR 0 AT o W R X G, 6 SR R IR G5 B g AT A
AT, B GE T PMTC 76 AS 34 fin 5 A 5088 2 B
FA A1 R R A AT N A RE R T BT
CPL BLG = (BRI 2 8 5 4R 1 DA T o
W . J5 SLWF 0K A AR SCHE R b, F — 25 2 R anfay
H Fr 8 PMTC W FH 78 iz 55 4 98 B2 SR v, L SIE 908K
P e AT RE REAE ) H AT .

B 3% DL 7 F1) ) £& Rl (http : //www.aeps-info.com/
aeps/ch/index.aspx) , A3 X E Jg Z 475 AT A 73
W 2% & 3

2 % X o

(1] Tz W, sk 205,45 BRI LI M0 75 55t N e hoo 5
J1Z G AL (— ) Bl b REFERE AL [T o [ ML T AR 2
%.2022,42(9):3161-3177.
DING Zhaohao, CAO Yujie, ZHANG Sufang, et al.
Coordinated operation for data center and power system in the
context of energy Internet ( [ ) : energy demand management
model of data center [J]. Proceedings of the CSEE, 2022, 42
(9): 3161-3177.

[2]JIN C, BAI X, YANG C, et al. A review of power

consumption models of servers in data centers [J]. Applied
Energy, 2020, 265: 114806.
(3] £, 40, 3L 98, 45 %5 1 22 28 R 0% 50 80 oo ol X2 o
PR AL LT). B R S A B4k, 2022,46(14) 1 19-28.
WANG Yang, LI Peng, JI Haoran, et al. Coordination planning
of power supply in data center park considering multiple resources
[J]. Automation of Electric Power Systems, 2022, 46 (14) :
19-28.
I AU XU ER B L AE 2 R I B AT AU o0 B
AT LT ] I A4 A 3 fk,2022,46(15) : 153-161.
GAO Jinkun, YU Juan, LIU Juelin, et al. Optimization method

—
S
i

for energy efficiency of data center considering multi-period
equipment coupling[J]. Automation of Electric Power Systems,
2022, 46(15): 153-161.

e W L, DS IR, IR OL A5 B TR L RE A B 2 5 R AN
BRI LT ] ) RS A Bk, 2017,41(23) : 1-7.

GAO Ciwei, CAO Xiaojun, YAN Huaguang, et al. Energy

management of data center and prospect for participation in

—
(2]
[t}

demand side resource scheduling [J]. Automation of Electric

Power Systems, 2017, 41(23): 1-7.

DAYARATHNA M, WEN Y G, FAN R. Data center energy

consumption modeling: a survey [J]. IEEE Communications

Surveys & Tutorials, 2015, 18(1): 732-794.

(7] %, 30, gk 6T 2z v S A P i REFE B T TR [T ].
BpF2£4R,2014,25(7) : 1371-1387.
LUO Liang, WU Wenjun, ZHANG Fei. Energy modeling based
on cloud data center [J]. Journal of Software, 2014, 25(7) :
1371-1387.

[8] BRARAR, 52 SC% I 1) 2= 55 PR 58 1 BE AR I 1 A A B R [T ] %k
1244 , 2016, 27(4) : 1026-1041.

LIN Weiwei, WU Wentai. Energy consumption measurement

—
(=2}
[}

and management in cloud computing environment[J]. Journal of
Software, 2016, 27(4): 1026-1041.

[9] FAN X B, WEBER W D, BARROSO L A. Power
provisioning for a warchouse-sized computer[C]// Proceedings
of the 34th Annual International Symposium on Computer
Architecture, June 9-13, 2007, San Diego, USA: 13-23.

[10] LIN Weiwei. A cloud server energy consumption measurement
system for heterogeneous cloud environments [J]. Information
Sciences, 2018, 468: 47-62.

(1] B T, BB, )1 =3 SRR T A AR M REFE BTy ik [T ).

bt i L R 2= 24, 2016, 39(1) :107-111.
XIAO Ding, JIA Yapu, SHI Chuan. Non-liner energy
consumption model for cloud computing [J]. Journal of Beijing
University of Posts and Telecommunications, 2016, 39 (1) :
107-111.

[12] LIN Weiwei. A hardware-aware CPU power measurement
based on the power-exponent function model for cloud servers
[J]. Information Sciences, 2021, 547: 1045-1065.

[13] ZHANG Xiao. A high-level energy consumption model for
heterogeneous data centers [J]. Simulation Modelling Practice
and Theory, 2013, 39: 41-55.

[14] BAT Y, GU L J, QI X. Comparative study of energy
performance between chip and inlet temperature-aware workload
allocation in air-cooled data center [J]. Energies, 2018, 11
(3): 669.

[15] WANG Y, NORTERSHAUSER D, LE MASSON S, et al.

An empirical study of power characterization approaches for

http : //www.aeps-info.com 147



2023, 47(14)

servers [C]// ENERGY 2019-The Ninth International

Conference on Smart Grids, Green Communications and IT

Energy-aware Technologies, June 2-6, 2019, Athens,
Greece: 1-6.

[16] WANG Z K, BASH C, TOLIA N, et al. Optimal fan speed
control for thermal management of servers[C]// ASME 2009
InterPACK Conference, July 19-23, 2009, San Francisco,
USA.

[17] HAM S W. Simplified server model to simulate data center
cooling energy consumption[J]. Energy and Buildings, 2015,
86: 328-339.

[18] ZAPATER M, TUNCER O, AYALA J L, et al. Leakage-

aware cooling management for improving server energy

efficiency [J]. IEEE Transactions on Parallel and Distributed

Systems, 2015, 26(10): 2764-2777.

HEAEE B2 A7 IR 55 5 TR S SRR BE e (D ] e - g2

R, 2016.

HONG Shihui. Cooling design and experimental study on

—
—_
el

—

storage server[D]. Shanghai: Shanghai Jiao Tong University,
2016.

[20] SHIN D, CHUNG S W, CHUNG E Y, et al. Energy-optimal
dynamic thermal management: computation and cooling power
co-optimization [J]. IEEE Transactions on Industrial
Informatics, 2010, 6(3): 340-351.

[21] REDA S, NOWROZ A N. Power modeling and
characterization of computing devices: a survey [J].

Foundations and Trends in Electronic Design Automation,

cHMHEFE -

[22] LI X, GARRAGHAN P, JIANG X H, et al. Holistic virtual
machine scheduling in cloud datacenters towards minimizing
total energy[J]. IEEE Transactions on Parallel and Distributed
Systems, 2018, 29(6): 1317-1331.

(23] OB 1, E b, RN A5 3 T 09— fh A0 0% 52 42 ] SR i

V14 3k 7 B A 58 SR R R 7 R T LT ). v I e AL TR 22 4R, 2015,
35(21) :5455-5464.
QI Yebai, WANG Dan, JIA Hongjie, et al. Research on
demand response for thermostatically controlled appliances
based on normalized temperature extension margin control
strategy [ J]. Proceedings of the CSEE, 2015, 35(21) : 5455-
5464.

[24] SONG M, GAO C W, YAN H G, et al. Thermal battery
modeling of inverter air conditioning for demand response [J].
IEEE Transactions on Smart Grid, 2018, 9(6): 5522-5534.

[25] Benchmarking [ EB/OL]. [2022-07-01]. https://www.aida64.

com/products/features/benchmarking.

AAH(1987—), F 4+, H4 £ 55, i%ﬁfm
if@:é]\jﬁi\/fntuﬂbﬁ%ﬁ WA RGAEE AT G 2 Ak
B 424 . E-mail:jiebei.zhu@tju.edu.cn

X AR (1998—), B, LA &, T RA R @ R P
AR K . E-mail: liudonghao@tju.edu.cn

Fha&k(1975—), B, BE%H ML, GR IR
Wi, 2 BRI @ A7 EAE R HFER b WAL AR
%5 B A . E-mail:libingsen@sgitg.sgee.com.cn

(HmE ARKK)

Data Center Server Power Consumption Model Based on Temperature Estimation
Considering CPU Working State

2012, 6(2): 121-216.

ZHU Jiebei', LIU Donghao', LI Bingsen"*, YU Lujie', TIAN Na*, JIA Hongjie'
(1. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China;
2. State Grid Information &. Telecommunication Group Co., Ltd., Beijing 102211, China;
3. Eco-Tech Research Institute of State Grid Hebei Electric Power Co., Ltd., Shijiazhuang 300171, China)

Abstract: To achieve the energy saving in data centers, it is crucial to accurately construct power consumption models for data
center servers. The traditional server power consumption model based solely on CPU utilization ignores the dynamic characteristics
of server power delay changes influenced by temperature variables, and cannot distinguish the phenomenon of server power
layering under different CPU working states of fluctuation or step, resulting in significant model errors. A data center server power
consumption model based on temperature estimation considering CPU working state (PMTC) is proposed. PMTC captures the
dynamic characteristics of server power consumption delay changes which are affected by CPU core temperature delay changes
considering the temperature variables during the model establishment process, eliminates model errors caused by CPU working
states based server power consumption layering. During the power consumption calculation process, accurate estimation of the
CPU core temperature is performed by judging the CPU working state, avoiding additional measurement of temperature variables
By comparing the PMTC with traditional server power consumption models through the built power consumption testing platform,
it is verified that the proposed PMTC restores the dynamic characteristics of server power consumption delay changes without
adding additional temperature measurement devices and inputting data dimensions, significantly reducing model calculation errors.
This work is supported by National Key R&.D Program of China (No. 2018YFA0702200).
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