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ABSTRACT

In an energy saving server cluster environment, the power modes of servers are controlled according to load situation, that is, by making
ON only minimum number of servers needed to handle current load while making the other servers OFF. This algorithm works well under
normal circumstances, but does not guarantee QoS under abnormal circumstances such as sharply rising or falling loads. This is because the
number of ON servers cannot be increased immediately due to the time delay for servers to turn ON from OFF. In this paper, we propose a
new prediction algorithm of the power consumption for improving QoS under not only normal but also abnormal circumstances. The proposed
prediction algorithm consists of two parts: prediction based on the conventional time series analysis and prediction adjustment based on trend
analysis. We performed experiments using 15 PCs and compared performance for 4 types of conventional time series based prediction methods
and their modified methods with our prediction algorithm. Experimental results show that Exponential Smoothing with Trend Adjusted (ESTA)
and its modified ESTA (MESTA) proposed in this paper are outperforming among 4 types of prediction methods in terms of normalized QoS
and number of good reponses per power consumed, and QoS of MESTA proposed in this paper is 7.5% and 3.3% better than that of
conventional ESTA for artificial load pattern and real load pattern, respectively.
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Prediction of Power Consumption for Improving QoS in an Energy Saving
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Table 2. Example of normal situation without sharp rise/fall in requests

0% Az Hpx HAB% AUz Hb
3B |37 ]3| 34 |35 [36 |39 |34]|3H 37|38

Prediction = ( Time Series Part) + (Trend Adjusted Part)
=35x18%+ ...+ 37x 4%+ [(35—37) X 18% +
+ (37— 38) X 4%] X 10 = 36+ (— 2.7) = 33.3
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Table 3. Example of abnormal situation with sharp rise/fall in requests

0% ANz Hpx AB% Az Apx Apx Az AR% 7Pz A0z A

il

9 | 86 | 76 | 56 | 46 | 36 | 39 | 34 | 3B | 37 | 38

Prediction = ( Time Series Part) + (Trend Adjusted Part)
=96x18%+ ...+ 37X 4%+ [(96 — 86) X 18% +
+ (38 —37) X 4%] X 10 = 63.88 + (83.1) = 146.98
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Fig. 2. Procedure of our proposed method
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Table 4. Hardware and software specification for experiments

Hardware
Set RAM Software H]ﬂ
CPU(Hz) <
(MB)
Load Intel Core2 Quad LVS
Balancer Q-6600, 4GB (WRR) !
aance 2AGhz
Client Intel i7-2600k,
(Prime Client) 34GHz 8GB | SPECweb | 1
. Intel i5-760, . Apache/
Besim 2.8Ghz 4GB sppewen | !
. Pentium—4, .
Real Server 996G 2GB Apache 15

42 Ael 2y

Ago] AMEEl 9l SPECwebe Hdts HHEES
Astel AA FeaH @A EAsE AdgE B
T oo o] EFFS B 4 g AR WA

Eolt}. SPECwebo| A+ Banking® E-Commerce, Support
AU E AFTozn A FY=EHAAM AMEA 84



ARl 2 M SHAH 2Z0M Qos o4& 218t -l &3 o= 51

SHE ) FAEA EEY FF wd xdo] shsdith B Table 5. Description of experiments
2% SPECweb Banking /\] g9 g ol&sly 27MA=Z Thread .
FrEe] A, R e FASA Wskshe M Bxperiment | Ramp Up | Degree | Algorithm Keethve
Ed3 e, T owAs A4 Fot Ade Agsth 7 Time(s)
A4 ey e gd 2E wES Table 59 21 Ao a“VV;?chS"i“/
AHEF AR 98 HE e Table 33 R AFEA A redietion
el FHeto] o A3e et I8 2(Impulse) HE MA/MMA
& AHgerg o (4 50 Kbytes-100 9] A-g-2), ] 800 Experiment-1 110 g2 1 WMA/ 15
Kbytes-16002] A&, 60270 19W1 ] 23l mete F s
Atk 714 dE~ g He& SPECweb? Banking % (2 ESTA/
Bl 238 gl digk AlEdIA)S o] &stth AA F MESTA
3 el mz AL Table 49 4 el o] g3te] 2 gg 223
Parack A 29T AU ol 4F b A T w3
B3l felg o] gd AF 171K, & 4714 S AP ) 317 ESTA
s 27ke) WAE AWe Bgd P % 8.2
Experiment-2 11100 gé; 15
1) 281 30 871
$4 On®l 499 d3e Agax e e AnYF el D2 MesTA
(413 FAZA Fio] W 4717 o= dugs FAZA ) 832
Fi2s ¥3e 4714 o5 gugse vusignh A3 110 8L7
85 “Thread Ramp Up Time'olet o] 337} w4l % ws ] Esta
v b ZdEl& Ao R o] Algte] grow FHul Falo] Az Experiment-3 30 877 0
= Agbe] #e AL Uty “Warm-up Time'& ) ;8 ggg MESTA
BaloA Al BEkE 2487 olde] FAHE Aol o <
“Thread Ramp Down Time”’& Thread Ramp Up<] "=
it #As S AEE 9vEty, “Warm-down
Time™& H]E8k 54 Fzhe] A+ om ) A% -10]4 “l O r
= A& dugsn s ¥ Ad 21 BF U3t H
2) Ag-2
=299 w4 @e psTA emgzs Mesta oWl | L L L L] L L] L] L
% SnelEe vwatrh. MESTA ¢neZEe vedd TR
P Fe $UF ZudA Y 43 dueFelthudd
Fx). AF-2% of 2709 &ae]Fol thal “Thread Ramp Fig. 3. Impulse pattern of user requests
Up Time"S WA AZMEA AFE F8st3rh o 239
58 BAe dupnrde] FAsee REA Ad du 4) d3l-4
=0 §8H 07 XS weraly] 9doltt Internet TrendIM[10]o == LHkAlolE 2 wulAdWEB/APP
o maRA &34 2 ASPAIH]A LoggerMel| ]3] ¥
5) 483 A A% 2aRdel o dolg sted A% dHolgg
~ EA =z 3 A A= L) T,\i_/H ol E ﬂﬁ I fo]gSo
ALY R Sged @e ESTA St ;}H}i;a/]ﬂﬁ%;oDB;EM 2 ]Jll;ﬁ B 9]1!}.1@4
MESTA ol Quelss /b dlwstilh of 88Ny g Aenas Ande Qe 0w say 24
= 2719 FevEE Wgsddh. shus “Thread Ramp = golat 5 ot}
Up Time"22 #A4& T3l & AE AMgatsdion, B A8 Aed A4 23 HEe InternetTrendM
T s S pehdel i Aekd S @Sl §5 [10)9) Website Performance 7h8| e 9] FEGFAMY 2

9
SHEAE dolr ] 93] AR HeEs SUMAIAT AR 2 F 2012/9/1~2012/9/T7HA 9] Fg/BEA/AA FHE-

A et AHish FereldEete] Keep-Alive A4%A Aadid 43 EFig 98 G A4S,
= AEste]l AREA A A& Abs S/ AFHAZE 308 = sheke] 244 7he B Yeh



52 FEMEIES=2A/HFEH R S8 AL H4T H2=(2015. 2)

o, A dY ezt

o

pFoE Aol AF), Hu
session : 1200

AZHE EEx
Max 21,05, dvamex 8.4

http://internettrend.co.kr

| M

24

Fig. 4. InternetTrend™ - Website Performance

Session : 000000 00 300 1200 600 0 0 1200 300 O
600 600 300 0 300 0 300 0

Table 6 A3-19 A3}E debdth Ad T35 A=
vl A2l AlZHThread Ramp Up Time)< 10Z2ZA wi2
A A FatE de AS gvlsi, ol& 7|&7]= 3tet
W g92xelth Ad AnE By FAZRAHE H8eH EE
71E gagEo] va Agd dagEe] BF QoS7h 33
HASS & 4 Advk ey A "E SHAA BE A
v dgo] FrletASS & F Uth ol QoS7t F7FEl
el Aol solvh & A 7t eS o gt
olel gk FFA BAL Zhaatr] wpeet

1_4

)
)

Table 6. Results of experiment-1
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Table 7. Results of experiment-2

Algorithm

Thread STA Keep
fRamp Up | Degree ~Alive(s)
Time(s) ) FE | L, | EFSE (TR

QoS(%) | Power(W) suza REES 05 | god

10 82 | 875 691 | 186749 | 82 | 634 | 2364

30 817 | 914 715 | 180925 | BT | 693 | 2312

20 &2 | 933 722 | 182432 | 764 | TL3 | 2307

70 847 | %6 729 | 191509 | 802 | 766 | 24L1

90 82 | %0 733 | 188401 | W89 | BT | 2467

110 8L7 | 973 45 | 194985 | 816 | 794 | 2546

MESTA 15

10 892 | 85 705 | 20241 | 848 | B9 | 271

30 817 | 88 704 | 204244 | &5 | I | 2576

30 &2 | 911 7141200090 | 88 | 763 | 2062

Thread Measurement
0 ca . - S N 0 | 847 | 934 | 721 | 205007 | 9 | 802 | 2656
amp . €ep | TR |0 [ETEE S xg
vp |Pesrel Alorim o[ Pover |t |35t HE | 005 | god 0 | 2| %5 | ™ || a9 | 8 | s
Time(s) (W) . o _ oo
10 | 8.7 | 970 | 78 | 205183 | &9 | &3 | 2606
Always _ _
%4 | 152 238702 | 100 | 984 | 1543
o 3) 23%-3
‘?felé}ggz; 71166l 1545471 633 | 475 | 1698 Table 8 ¢ -3o] 3t A¢ ZAyE yepd 23-3
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MA | %9 | 63 177076 | 741 | 637 | 2227 Fee ZANA ARS ashelch Haeke] waie
WMA | 849 | 67 176705 | 740 | 628 | 2209 Keep-AliveZ 2002 Z7}ato] Al&xb7} Ao Hiahs
10 1892 ES | 865 | 636 | 15 |184875| 774 | 669 | 2331 AHE 584 sttt Table 89 A¥E Table 79 2
ESTA | 875 | 691 186749 | 782 | 684 | 2364 < Thread Ramp Up Time(10%, 30z)°] o3t ﬁi}Q} 1] 13)
B Keep-AliveZ} 202 =738 AAor G35 9
MMA | 86 | 688 179043 | 750 | 649 | 2253 N b f . Fokel g °x
F7t S7keka, ol s EF3tE Qos7t 77}6“’ o
MWMA | 872 | 687 195103 | 817 | 712 | 2476 S ogm mak A Azl Zolhel el A Axst
MES | 870 | 6% 184883 | 774 | 673 | 2331 =Jlek Ao molu).
MESTA | 895 | 706 22541 | 848 | B9 | 271 A8 A9%E B9 FHo K5 0.;»5 o A= A7ty B
A, FAZAES 3HA] &2 ESTA &gl Hls] MESTA
2) AE-2 A Fol HFQoS FHAA 58S & 4 Ak 2
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OlAXl 2 M SSHAH 2E0IM Qos e RIS

ARTe ¢ & Atk ool gF dgddY T ews
2o Ao AAF BAL 444 (3)S FHwslr] upebd

Table 8. Results of experiment-3

Algorithm

Thread STA Keep
g [y Dzznze ~Alive(s)
Time(s) 0 & |0 |ETSHE | B94E

QoS(%) | Power(W) PR A7 & WS | good

10 892 | 86 62 227261 | 921 | TS | 2494
20 85 | &3 T6 | 236742 | 966 | 825 | 2604
30 817 | 8.5 789 | 239272 | 976 | 8.0 | 2626
MESTA 20
10 82 | &3 it 230991 | 963 | 821 | 2612
20 &85 | 872 781 241912 | 987 | &1 | 2701
30 817 | 898 T98 | 23951 | 97.7 | 818 | 2696

4) 234
Table 9= 234 Wik A3 AxE vehdh d3-4

T AA FeE FARAE TFEA G2 dF5H FAERA
S X 45 dugsEE BakE wAse 2479 QoS
o} A& A3t} Banking workloadol A AF&3l= 7]
B g g ES Agste] 9 A2 Thread Ramp Up

time 180%, warm up time< 300%, think time< 10% =

AR, AR-14% AR FAXHE A 2L
71& ol Hste dSWHEC] BT QoS7F #dE wkd
of M8 ARE F7FEIGT old uid ddEd £ §
G S AAe B 444 (HE Fastr] apgk
t}.
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Table 10. Results of Experiment-1
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Table 12. Results of Experiment-3

Table 11. Results of Experiment-2
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Table 13. Results of Experiment-4
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