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Abstract: Datacenters are built to house massive internet services at an affordable price. Both Op-ex (long-time operational expenditure)
and Cap-ex (one-time construction costs) are directly impacted by datacenter power consumption. Thus, DVFS (dynamic voltage and
frequency scaling) is widely adopted to improve per node energy efficiency. However, it is well known but has not yet been fully explored

that such schemes affect an application’s power consumption and performance simultaneously. This paper focuses on the impact of DVFS
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on performance of an application and proposes an analytical model to quantitatively characterize the relationship between an application’s
performance and a processor’s frequency, which can be leveraged to predict the performance of an application at any frequency.
Specifically, according to different memory subsystem resources accessed, instructions of an application are divided into two parts:
on-chip instructions and off-chip instructions, which can be modeled independently. On-Chip instructions refer to instructions which only
access on-chip resources, and their execution time is frequency-relevant and can be modeled using a linear function. Off-chip instructions
stand for instructions accessing the main memory, and their execution time is dominated by memory access latency and is frequency-
irrelevant. By the division and modeling of the two parts, a quantitative model can be obtained between the execution time of an
application and frequency of a processor. Evaluations using two different platforms and all benchmarks of SPEC 2006 show that the
derived models are very precise, with average prediction error less than 1.34%.

Key words: DVFS; datacenter; energy cost; frequency; performance prediction model
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o, Ty RRFRIT B AT B 1), 7 R (02 AR 7 1 8 2 BB r R IR I G — AR AR i TR 2 T B4R A4
S LBt oy cnigpy 22705 VT 1] — UK I A R F B0 TR] f A2 DU P BEHE AT T LU HH: CP Ly X T4 58 IR T FI R
BT — A AL A S B AR 0 R AR AR
TRAEFEUESNR fo R 0 FEAFE PP A2 AT — 3, 390 T LA 08 2 (5 AR AL, AT R A O 11 2 5, 32 T 4 57
FEL TR P 1 P f T ASE 2.
g5 L AT PR
1
+1-(1=r)-CPIL,, 1 T
o, T R 7 R W HRAT I8 (8], R 12 RT3 2 B r BRI IR G — R EA- R h 4 2 T B4R 24
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FH U T 60 AR (R PR i 55 0 2 ) AN 2 TR PR I e e 06 3R, U Horh v B4R A AT IS ) S5 000 52 etk
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3 {EEIIEIE
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FERATI T2 & b A% T B3R I 87 v, &% SPEC CPU 2006 H (1) 29 AN TR F 43 3] T &A1 P e TR
WA AT B e IRATT 0 S 50 7 5 R 5 0T T 3R A B B 3R AT 96 0 I 70 A B Y F 18 72, 07 B T 30 iE A5 2R 11
T FH 7 H A S 6 T B L XHZA AU T S B,

3.1 RBFEEEN

AR SE36 -4 105 — 4 Intel XeonCPU E5-2620@2.00GHz () CPU {5 A, & A 6 MO 8 M0 &
HWALAE, W H 32KB FAR ) D-cache 1 32KB FAH 1) I-cache,256KB FIFAH L2 47 LA K 15MB HIL= L3
2% 47,181 16GB [ DDR3 A7 52561 &5 S 5L 1.

Table 1 Experimental environment parameters

R1 LKA S

SR B2
Oyt Intel Xeon CPU E5-2620
b B 2R AR AR ALY 1.2GHz-2.0GHz
WAERSR Linux 2.6.32
U o GCC 4.4.7
FEERR T SPEC CPU 2006

3.2 FRENSCHIIEER

AR(Q2.12)%5 T R HIFEFe 6 P i TR AR A FRA 1A 1 Ty SR B S8 U7, SPEC CPU 2006 H 5%
P g7 SR I P R A A

R — AR N HRY AEREUESE f NEi7—, A VTune M THIKT 4 ) INST_
RETIRED.ANY Fl MEM_LOAD_RETIRED.LLC_MISS IX A At F 44 (1) (5 LA KRR 4 132 4T 1 1), # F Memory
Latency Checker Wl H i BEAF 15 R8T £ cnip 1, R TT 453 ) 3R AR o (1 25 T 2 50008 AR N 5 3 7T LA 30 FE )7 4
TEAZF- & N 1P RE T ek 5.2 T 58 0 R T G R, B AT LA 429.mef Ay 441

FEBAIISER T3 R U typeengy FIEN 91ns. LA fo=1.2GHz g SEAESTR AE AR R A VTune W90 T 5
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Table 2 Model parameters for 429.mcf
%2 429.mof (MHLE 24

e SHUE
INST RETIRED.ANY 284121x2000000
MEM _LOAD RETIRED.LLC_MISS 83842x10000
t (s) 552.27
(84 B4 284121x2000000
n(FBATHRIRE) 83842x10000
r=n/I(F A1 56 AR 4 Lu i) 0.001 475 463
CPLy-cnip(i L 58 1 dE 4T3 CPI) 1.006 6
AT It 22 3 (1.2) 0] LAAS B 0 —fb B FE P P fig
B 552.27
7571'1685 +76.2962

XAtE 429.mef EiZF- 6 T H L RE TN IY A O AR J AT ] LRI 03 R (R 4R AT I )R H —
AERE.

R34 THAEZF-G 1,6 A SPEC CPU 2006 H R Fr ) 1 B I AR Y 36 v f) ~F- 2 45 22 e R AR A 1%
FRDNARE L A5 21 1) 2% AR T 9 H — A AT ROR 5 9250 A5 A U — AL PAT R AR EL -2 i3 2 v] LU ), 3 2
HRAR /N, FE 7R AR SR+ 23 K.

Table 3 Performance prediction model for applications in SPEC CPU 2006
33 SPEC CPU 2006 ") W iR F) 1 e Tt A5 74

WERFET EEER FEIRZE(%)
B 670.70
403.gcc M‘*‘ 56.0478 1.57
125205
444 namd 15019 | 0.5032 014
po_ 2436
450.soplex M+36‘1579 264
po___ 5830
453.povray 442.8976 +0.00091 'y
po__ 8642
471.omnetpp 4776534 | 148 3755 367
___ 61598 |
483.xalancbmk M +12.3460 0.52

3.3 FUMARBLTNAEE

AHIAE I MR SPEC 2006 W SR UE AT B $R A5 2 (RS i 18, OF R0 T3 — PRS2 &5 d i — A7
I A R AR U A R R W] X TR R RS, TN R ZE 0 1.34%. 38— 2D M, MR T 3L R AF B R R
SV TE S A Ry P LIPS

B 5 25t T 429.mef 7E 25 AN T TN A ARG T HEAEAA 1.2GHz 1 JH — Ak BER S 360045 () )5 — AL PE g
K5 Al AR AN [ £ A PR I AR U — AL RS PP R 2R (AT 1 R AT R 1 e, B A 2 AT
AR T F) &5 SR, B €A 1 1 PP 2 R A 2R 0 M0 5 SR T rh ol LUt T &5 R S 4 SR IR R AT L
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T R AR AT AR R KD B 1.8GHz, SEE0 1S B A — AL PERE A 1.429, 7 MERE R 1,432, 22 00H
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Fig.5 Prediction precision for benchmark 429.mcf
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Fig.6 Prediction precision for six SPEC CPU 2006 applications listed in Table 3
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&k LR W TN A A 5 s A5 B 1 U3 — fh kA LRI 1R 25 98 R 0.02%~7.62%, T3 24 1.34%.
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Fig.7 Relationship between performance prediction model and cache missrate
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3.5.1  ANFEMEAT5
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P HEAT T P g T, 1 LI 2 87 R P 7 4 AN AR T (0 1k BB AT 7 W0, P 000 (0 i 5 5 bR g AT 15 3
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