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CPU Power Model for ARM Architecture Cloud Servers

JIN Yu-yan',YU Tian-hao' , WANG Song-bo' , LIN Wei-wei"? and PAN Yu-cong®
1 School of Computer Science and Engineering, South China University of Technology,Guangzhou 510641, China
2 Guangdong Science and Technology Infrastructure Center, Guangzhou 510033, China

3 Pengcheng Laboratory,Shenzhen, Guangdong 518066, China

Abstract The power model of cloud server is one of the important contents of the research on the energy consumption optimiza-
tion of cloud data center. The CPU power model is an important part of the power models of cloud servers. However, the existing
CPU power models do not consider the CPU heterogeneity,such as lack of research on the CPU power model of ARM architec-
ture cloud servers. Based on the investigation and analysis of existing ARM architecture CPU power models, this paper proposes
a new CPU power model oriented to the ARM architecture,namely the hybrid based model(HBM). HBM comprehensively con-
siders modeling features such as CPU utilization and CPU performance events. Compared with existing PMC based model with
high measurement accuracy, HBM has similar measurement accuracy and lower model training cost. Thus, HBM is more suitable
for CPU power modeling of ARM servers. This paper uses the Sysbench benchmark to verify HBM, and experimental results
show that the mean relative error(MRE) of HBM is within 1% , which means HBM has high measurement accuracy. Cross-ex-
periments are also conducted for x86 and ARM architecture servers. .and experimental results show that the CPU power beha-
viors of servers with different architectures are not the same,thus different CPU power modeling methods should be used.

Keywords Energy consumption optimization, Power model, CPU heterogeneity , ARM architecture
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LA AN Wi 7 I 72 77 8 1 ] 25 B2 U000 =] o i ok 1 B R i g
AR, TEMH BT A0 X = B ol 19 RE AR 1T A AL

AT O B0 HP 0 A Y BB 5T O 1k IR 1) = R S5 AR A
T REAR RS B PO REFEAT X A SE A, Horh CPU T FEREALZ
JIR 55 #5 Ty FE AR 10 11 2 BE A BB 4

H ATk 55 4% CPU ) i 284 = %A x86 Al ARM Pifh,
TG TPE N EZX G,

1 x86 il ARM ZE44 4 X 51

Tablel Difference between x86 and ARM architectures
Xt b R x86 &t CPU ARM %4 CPU
R £ F45 4 % (CISO) i 45 4 5 (RISC)

) A-# A 1 (DSD
Load/Store T £ £ % 1 % |18 48 4 AT
HAKE
FuBEAHE
A FEREE

TERHEA KK
IR RPN
HR AR F B

K CISC it K & 48 A 5 8 0 B (F 4 oy 3 3 B IR,

TRARES MR ERE
e 9 8 1t F ARM
o # ¥ %% T ARM

DS B R Fw, 40 TR m L HE
A48 A 7T BL AT Load/Store T4

DSIMBEREFEM, ES M IR b 4

4 1484 #.A4T Load/Store T 1k

EkiEAKE

AR BF AR

KEEAFFE

KA RISCHRALHEAE. TREALELHSHRERE,
E S-S E AL &8

"I

RAK

M 1 ATLLE L x86 Fl ARM TE8 S K R H FA &
A 2 X, A <86 £ B 2 B T4 58 by B 4R S B, ARM.
S x86 FP AR FR SR S L 43 TR B8 48 G 13 A O 5
T AR T BE A 1 S 2 BE Y . S — A 22 BRI L RISC 424
A BRERAT DL R A R 38 4 B (Instruction Per Cycle, IPC) 3k
i b b FE % 1955 47 M B CISC 2R 4 4L 31 48 9 R 3l &
IPC 3k R Wiz F73 B, 1o CISC M i) — &35 4 T fig %
Ab PR AR PRAT KR T AR T RISC R4 Y — 45 45 43 3 H X R
— A UIREEH BRAED .

ARM B4 A5 I 22 big. LITTLED) S A 2 484, 31X 5
x86 4 CPU ffi FH M R M 8 A R KX 3. 55— Jyim,
AMR 245 CPU A A% 0 30GE 5t x86 4244 CPU W% 03 £
M H CPU 1Y cache %% fit th A B A [F™), AS 8] (4 4% O $0A
cache 317 R AN R 5 G 1 PUAT 96 VR o 28 . Blem %078 3 i 58
B IIE T x86 Ml ARM 2244 i Pk BE T LI #E 25 5% .

AT ARM 4244 I 45 28 78 2 B0 b |5 A Ok R 22 Y
i E, 3T x86 A1 ARM 444 1) 544 = 3R e J& R R I = ZL it
LT U WSRO R R 4248 1 CPU T #E I 53 7 vk B &
TR,

84 %L CPU ) & 2 M B 46 #i . Vasilakis™ 230 #7 T
ARM %4 CPU Wy 48 & Wy Fe 1, SR 5 @30 T 18 2 230 W
CPU ZAEAE R, A B A AR = 1 0 550 K5 B L (R 2 4 4 SR 4
T 0 R BB B e K 4 2 00 ) I ARG R JBE A 4, A 8 A ST B Y
M= 5 k. 5 x86 254 CPU KA, ARM %24 CPU fii
A big. LITTLE S M B4ty i, A [ % .0 1T B 2 BAT K TR A9
CPU PEREHRAE . 7RI ELRE I, Obukhova 250 & xof 35 A 4 5
1y CPU WX AT DI FE B 4 Ak 1 CPU Th#E A Tl CPU #
A SRE R IR CPU %0 A H 3R X 26 5 T 3K i
B F8 AR HEAT R AR R ) B PR AT, 7T LA S M A% R 3R
{H 3% 8 H3E T 4% & CPU % F i o) #6122, R [
CPU iz 17 471 2 7 B2 3 47 Il 25 A AL, 450 78 3 FH M RS, itk
Walker % & H T 454 CPU Al H 1 CPU 32 1741 % 19 )
FEAL TR, Hn] DL AT o 32 47 452 X [H] 9 CPU ZiiAE . H2 X
HE CPU I 0] g 35 A 31 B AR A9 I 82001, R o CPU Zh#E

&5 CPU 0T 19 Bz A 56, 1l Qi % s S IH #E 1 D) #E W)
BR T8z E " | Sankaran 250 F) 2 T 6B E R Y
k@A PORMISE ARM 4244 CPU WY ZIHE , S2 40 45 SR % W
1207 B FLA AR S I SRS B (R R AR S B e S R 2
B A AR T T B KA I ) AR . Sagi STV IR 2 7E M
AE 2 {1 SR AR R AR & B L R, CPU ZhAE Al CPU 1 fE 2 1 A
SR PR G F L BRI A ATT 3G I T AR Lk R R LR S CPU
Ty AR AT B 0 RS L (H R A R AR L R B
Jar PR .

g5 — LB CPU R TR Z W A, i H 2 L
RDIFER B B 5 1 ARM 2244 CPU. Zhang 45 #2 1 3k
F CPU C-states By T FEAL A, Z A % 38 T R [Hl CPU C-
states WA T A HEREARRAE . 25 & CPU Fl A 7T LUy 4 i Hh
Zlm CPU Wy ¥ERENG 2, B RAFH SRS B . k(17 148
CPU IJ#EHI CPU 1817 IR BECH — & WM C R, BA A3
T CPU iz 1T R B B R AR AL L K 7R CPU T8, AR iz i Al
ZIER R TR ELIEE H 5 2 A B CPU 4244,

AR EFEBTERAN T

(DAF T A B EH ARM %8 CPU ZhFEH A, I 78
PEIERE 18RI T — A OB 93 T ARM 440 = IR % 4 19 CPU
Ty FE A5 Y TR A @#N CPU IiRER AL (HBMD |

(2) i Sysbench 7t 2% T F 5B A5 AU ) 36 §IF 52 56, 5256
43417 HBM [ MRE FlHERE RS 7] BLAS , 52 56 25 5 % B HBM
B9 MRE 78 126 LA, D0 550K B 26 30 R 4, L g A2 B ) il A 3
INFREF YRR B CPU DIFEAE AL,

3 BRI &L 3T x86 1 ARM S 44 iRt 45 # E 47 T 38 X 52
¥, SCIEE RN E T & F 1Y CPU ZhFER A7 Hofh 7 & %
B Uk W R R 4R 44 IR 45 %5 19 CPU Ty #6470 W i Rl L 78
AT CPU DEI 5 % & CPU St B AR A LB,

AR 2 HEEAH T ARM 2849 CPU i #6281 )7 i
FIASE AL 43 BT 238 43 252 AR AL R g Y LAl 28 3 IR T
T ARM 220 = Ik 55 4% i CPU I AEHE B HBM B9 #4 2 i
55 4 W CPU D)AE B R BG IE 52 50, 222 HBM 1 55 3iF
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ARM 224415 CPU DI FE AL T vk 240K 3 A2 1
2 B0 243 51 Ok 3 T4 A G @A LT M BT Ak A A
MEF CPU F R AL,

FE T 48 A GO AT R I I 2 Y HEAR L B B A
DS B 32 2R FH AN 98 4 1 T RE R 2 =22 18] /Y D HE 56
ZXF CPU IR AT #l48E, i B A B 44 2
g A% L T ELFE A GO 1) T FREAE LR B, PRI 12 7 72 0 D R
F bR R, FEF CPU I S AR 12 02 £ T2 A 2 45
J7 8% IR B A I B0 CPU IR R/R T CPU A
FRMAAE R . 2Tk 5 F B IT iz  HH 7E 55 B b
WL TR T AR R AT A o B AT T A L
R I BEORG BE A T3 T CPU M R4, b 4312,

28 B AR R BN IEIET CPU H 2 d 6 f0 3k F v g 1
BN AT K T D S I 150 A 4 1 A U v
2.2 ETF CPUF HZEM CPUFERE

Walker 248 T HF CPU A R Ay CPU Ih AR
(Utilization Based Model, UBM) , 7E4% & iZ 17 M % T .CPU 1y
IFEF LARR A -

Pugu=co e U+, U? (@D)

L e vo Ml AURR B, U R FE CPU FIHZEK, N T #
TR TR ) S0 G BE L Walker S50 )5 20K 328 1145 S AR SR 4L
AR I UBM A958R .

Pupvn = (o tc1 )+ (e, Fes HUA ¢y +5 HU?

=co o freUtcUf +c U4 U f (2
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W% .U 0% CPU FII% . UBM 401 % 1 T CPU FIJITR
LB AT AR X CPU DL Y 52 W, 7T LA 34T AT 52 47 451 5% X []
By CPU Zh#E. HE{UEE CPU F H Z 0] Gk A 21 # AR A4 5
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2.3 ETFHeITHSERN CPUINFER

PERE T #% (Performance Monitoring Counter, PMC) J&
— L B A% A ST R 1 15 3 A 56 BT 4R,
[pme evcrni gm0 nestanbrr: cruniy]

b

B4 HHER T

B JET PMC Sy FE R Y 32 20 9%
Fig. 1 Main steps of PMC-based power consumption modeling
BT HREF A EEZ T PMC $h, R
A, 1] DR B —A~ PMC £ 57 W %5 — 45 4 (One Counter One
Event, OCOE) 7 R £ KB 1T A8 # £ B & 1 — ks 17
FBX PRI L. OCOE 2 Wiz 47 4 I 50K 8, (ER 5
BITREEZR M HEN —RETHEATFE—RETT,.H
MR R,
PMC RS2 )5 it AMEREF e BB B, CF
el B AIE 09 T AR M AR O, e N (DI

BAPEREF S CPU Ty#E 2 [8] 19 #H 56 B8,
S (=) (y— )
(s y) =——— = (3)
D=0 B =

Hod,x HYERES R,y S CPU ThEE . n R AE RS 5C H L A1
KRB (e FL— 11X, M REOR BT 1, "R M
S IE A S MG s AR AT — 1, W) R R A 22 R A 97 A O
U5 A OC RAGEHEIE 0, AR PIH M G 2. e — 14
AR G 2R B (R, 2 I 0 T A A o T DL A A A
E4P . WSCEkCI8I N E 4~ P e 1 h sk B 25 50 4k
FfR A AR S A

LU F 0 1 J 04 P e 1 4 A R CPU TR E 17 £
JCLR MR I AR . 0B B Sy 3 Pk RR T ARER ) CPU T FE AR
%1 (PMC Based Model, PBM) , #8 BU 48l & 7 ¥ hyde /N R %
T 33 =00 = (O PR

PPBM:Co‘i’ii:l((',e;) (4)
Hor oo fle, WA B8, e, R PERE S04 o n g T A5 1) 1 8
FAEE o e B 3 B, S T R T L L 46 4
RO, S5 VAL PBM AR Y I S5O B L AR R R R R R R
AN T 18 4 P A A 35 R o DA TR AS T R g A AR ) T A B
2.4 ETS&EMNCPUFERE

k(17,1946 t CPU H#E M CPU B 17T ML B —
FEMZRMESC R . SCHRO17 IR A 46 M ARG LR 7R CPU %€,
FEFFE ) CPU B AT AR D FEAR AL ff Ak 4 28 (5) B /R iR
B3 F 2 R 1 CPU ) #E £ Al (Thread Based Model,
TBM),

Prsu=Po+P,+nP, (5
Hr, P CPU #IEIIHE . AT LR 05 P, N 242 i
TTEEFE Y e/ NDIFE , P A R AR T AE R TN AE . n B AT 4R
B, TBM BB T CPU MM EZ LB X R, @B ik H{
Gy i H AR 25 5 308, ml ARG S CPU My ZhREMI 4L, (H 2
TBM 25 JE i K i F 50—, DA A A0 o F 28 A AL, B W 2
WA Z i BRAR CPU B4, 75 2225 0 1) PR 380 48 FH AR
B N K

3 CPUINFEERHE

3.1 ETFTHLEF DVFS ki CPU F A =X
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Table 2 Collection of performance events selected by HBM

AL 4 AR FHEA i
cycles Hardware event R AL FE B
instructions Hardware event AT By 45 4

T 44 3R B o K8 A
L1 #3425 £ & 4 #
Hardware cache event L1 484 % 7 & & 3

branch-misses Hardware event

L1-dcache-load-misses Hardware cache event

L1-icache-load-misses

F 23T HBM MR AMEREF (S . XS FHMFET
B ol B A R A S LT A 1Y CPU & k]
PAFREL . i H. A CPU th#e A &+ E KR,

2 iR L6 e PBM, HBM B A LI A 4

(1)Hﬁ’é£&lﬁl%5@ﬁ%$f¢%éﬂuﬂﬁﬁ OCOE % J7
B —WIBAT MR YRR F 4, Lk PBM R 4R 75 =0 5
rrntLJ_H%E’J M BE =5 1 3 A PR AR 5 L b PBM EL AT B - 14 A
S FR P A

() HARTE G W R MR F B8, T B A Y

e 1 T )5 S B AL L 08D T 48R I i As

L il HBM 7R ARM 2844 JIZ 45 4% 9 CPU Zh R

RELE,

4 CPU NFEHEBIGIE 01§

4.1 ERAEERNAGENEERL

Ay CPU Ty B A5 1 56 ik 55 56 3 %8 4 F5 HBM 59 ik 52
55 28 L TE SE 56, HBM B0 F 52 48 224 | ARM 2244 Ik 55
A 96 UEAR SCHE H 1 HBML [ 550K B2 5 T 38 S8 UE 52 56 43 3 78
x86 FI ARM 44 iz 55 %% H [ B 56 9IE 350 7 1Y) x86 4244 CPU )y
FERLHLFT HBM (1430 53085 B2 K i 44 22 A4 4 CPU T FE 45 B0 7
A& I8 M, S0 Y IR 55 25 10 & an 5k 3 g,
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Table 3 Server configuration

. CPU % &
CPU CPU %47 /L
isgns ceume oo T Toew RS s
- $ % /GHz
4 # TaiShan
2280 V2 2 * Kunpeng
ARM 2019 158 48/48  2.60
W2 R 920-4826 °
R % #
48k 2288H
2 % Intel X
T E VN 1 2017 140 18/36 3.0

5 40
v Gold 6140

R 45 %% 0l FH B 424 R 42 9 Centos7. 6, SE36 {1 A8 6 % T
H )y Sysbench, 5256 F| F Redfish Hr B30 FI4E Sy ik 55 2% 04 3 6
EI &R 45 (Huawei Intelligent Baseboard Management Con-
troller, iBMOC) #EAT 38 {5 . AT L 75 1 M 3% B IR 55 &% 1) 2L 52 D €
B4ls . R Sysbench & ¥ iz 174 &, ol LLSZ 8 CPU H]
FZEM 0 # 100% 194k, 15 SPECpower_ssj2008 Z5 {81, A
SCEEWE CPU A &N 0 B 100 % # T 48 4, 18] & A
10% . & A% B CPU Rl H v, 2 5 H top M
cpupower-monitor . HUx 4 CPU F % . CPU iz 17 4k 12 #1
M CPU 1B 17 WA H 4

o5 —J5 1, M A Linux P A9 H:RE I BT T. 2 Perf 38 X
PERETH B A 19 M #E 88E . Per! 3‘5%5’] fir &4 perf stat, A] J
TUIE RGN PEREMENL . AR 523058 1 1% A 2 19-« SHOK 48 E
WSS AY M RE R R R 2 -1 F-interval-count 2 B4y 0
FE R B R W e [ BE R R BB H . PRRE SRR B A iR
DIFERAEF L . AR 3 W 2 1 ) 6 250 R 95 R D A5 B4 ) o
NSRS AT 2 T BB 2, JF LA A D RE BB X B S YRR
G A RO
4.2 HBM WiEsLEE

AT R UE AR SCE X ARM BRIk 45 4% CPU 2 i 1
HBM B I 5K B, A< SCHE BT 462 TaiShan 2280 V2 HLAE
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X4 iR R Y RS

T B E HBM %5 9Pk R 95 4 i T A7 1 A SE 58 )
W e 2 B 1 BB T 41 F1 CPU S #E B 31 530 W0 25 1 4B O 2R 48, 4
F AP, WRBFLIE B 53X 5 FhPERESFFFT CPU TiAE A
A AR5 B AR SC A , TT RUAR S 3 S I CPU 44T Oy, B I 6
BOOLFpPERE S EEBOR TTAT /Y . A 528 iy PBM 4 A 14 A
KEBRE D 0. 8,8 i i B8 1Y PR AE J¢ - #R 7T LIS A PBM
MRS, AT D PBM RE T 4 60 MERESF
i Hovh gk E T A R Y P RE AR 4R 10 A, B4R CPU
JEL I B s A7 AR A B T 43 52 % L G AE B R R T R 5%
kR4

4 HBM M 5E B PERE DR CPU Ty #E A OC 2 8L
Table 4 Correlation coefficients between performance events

selected by HBM and CPU power consumption

ML A R X F K
cycles 0.981
instructions 0.978
branch-misses 0.898
L1-dcache-load-misses 0.877
L1-icache-load-misses 0.847

FS5HIH T4 CPU DM AR SR K 2 AT
HBM F1 A AT () 404 AR B 3 45 T JL Al 2 6 45 20 11
MRE %} b, UBM, TBM, PBM fil HBM f§ MRE 4} %I
1.09%,2.83%,0.29% 1 0. 73% . AT LLE H, HBM ¥l 5
K& AL T UBM #l TBM, UK T i B8 PBM, {H 5 PBM
A2 R I [ A T A2 00 00 B K
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