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Online real-time optimization of power-performance tradeoff for
application server clusters
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(1. Department of Computer Science, Shantou University, Shantou 515063, China; 2. Key Laboratory of Intelligent
Manufacturing Technology of Ministry of Education (Shantou University), Shantou 515063, China)

Abstract: How to dynamically optimize the deployment of an application server cluster according to the load condition
to balance the power and performance is an important issue that must be urgently solved. This paper proposes an online
real-time optimization strategy for power-performance tradeoff for application server clusters, which aims to minimize
the weighted value of the power and request discarding rate of a cluster. The optimization content involves the on/off
state and CPU frequency of each server. The strategy involves two methods: small-scale cluster optimization (SSCOpt)
and large-scale cluster optimization (LSCOpt). The SSCOpt defines a large number of variables to describe cluster
optimization as a linear mixed integer programming problem, and then uses a software package to solve the problem.
By analyzing the traits of power and load models, the LSCOpt defines a small number of variables to describe cluster
optimization as a nonlinear mixed integer programming problem, and then proposes an solution algorithm based on flower
pollination algorithm and variable fusion. The experimental results show that, the SSCOpt can get the global optimal
deployment rapidly when used in small-scale clusters, and the LSCOpt can find a good near-optimal deployment rapidly
even when applied to large-scale clusters.

Keywords: application server cluster; power-performance tradeoff; real-time optimization; mix integer programming;
flower pollination algorithm; variable fusion
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18: else { AT AN [R] AR ) B B0 PR AR AL 7 S 347 DU
19: ki=k —(I—L); W, & H RS KA S B, LR AR 2.
20: return; 31 ki
21: } WA P ERBE A S 4 M S IR SS 1T R, R 28
22: |} H T EATTR A | DR A BRI 13, Y ROk
23: HL (RSB A7) I B HL DR B 3.5 WL i 3

24: while (I < L(1 — D)){

25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:

MAi|0 < ki < N;Lj o, } HBEHLIEEL4;
if GAFLE) (/1 e 8
if (L(1—=D)—1> N;L; ¢, — ki){
=1+ (NiLic, — ki);
ki = NiL; c;;
}
else {
ki=ki+ (L(1—D)—1);

return;

}
else {//FF)a 15 mi 5
MAilk; = 0} HFHkidE E; 5K,
if (L(1— D) —1> N;L; 0,){
l=14+N,L;c,;
ki = N;L; c,;
}
else {
ki=L(1-D)-1;
if (k; < Lo ){ /IR ki > Ly
dt =L; 1 —k;;
ki = Li,l;
M ilks > Loy} Fk ks SRR

PO R 3PP R AT, E T35 HOR 4 FP 25 (7 ik
S, Y5 A B AR AR, 30 R 5. 20 /180 & AR
TEIE R ZE 3R M LR D 10 Yo, AL 1l 28 O L B
“A1ntel Core i7-4790 [ CPU 18 G ] 4 47

F2 BPSRSHHEEBUE
il CPU BHUR AR/ GHz, i ThAE /W, 113K
= AR it 1/ (req/s)
AMD Adhlon , (1.0,747,512),(1.8,95.7,91.2),
64 3500+ (2.0, 103.1, 101.4), (2.2, 110.6, 111.4)
(1.0,77.0, 55.3), (1.8, 89.0, 96.9),
AMD Athl
o 3580:’“ 5 (20,1000, 107.0), 2.2, 115.0, 115.8),
(2.4, 136.0, 124.6)
AMD Athlon (1.0, 82.5,99.4, (1.8,99.2, 177.4),

3 64 5000+ 6
(dual core)

(2.0, 107.3, 197.2), (2.2, 116.6, 218.0),
(2.4,127.2,234.6), (2.6, 140.1, 255.2)

(0.6, 44.0, 37.3), (0.8, 45.0, 50.0),

4 PenItrilltli M . (1.0,47.0, 62.4), (1.2,49.0, 74.4),
18G (1.4,51.0, 88.4), (1.6, 55.0, 97.6),

(1.8,60.0,111.4)

K245 73X 4 A0 i A5 1 BEAR R (R
BUINFE) 2. TS 1 MRS 4 1) REFE R Bl B IR
P 8 o T 328 1, A v R Ak A A KA T R S 2
AN 5 3 ) REAE R 2 AR i 80, AR B R A
FIFAR R IR, A R BRI AT BT 8 (75
TARAE e R B, DL PR AT RE 2 1719 A, 2R T
B R AL NIRRT E. FIN, Lk
FEIR W, A SCIN Bl B S O B 2%, IR AR A5 3L
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B F B AR E B R SR 09 £ & S TR 2595

RILHE.

AEFERCR /((req/s)/W)

1.4 1.8 2.2

A%/ GHz

2 HERENIERAhLZE
3.2 SSCOptFH ZHIMRMHIR

FERFFPEERERUR T, %719 AU OR f dk e 1 2 Al

J9Z SR T RE AR HH I B K 97 %K, 10 9 MaxLoad, T~ 3CH

148 5 MaxLoad 1) b 5 >k 2 7 5 1 47 201 K/, 4

F3 RSN 20 AT R BRI B A E 4 214 110F1220)

150 % 1) 571 # 2 8 71 355 T MaxLoad x 50 %. 7 %&F
FRAERERIAE T, % 20 % 50 %0 F1 80 Yo = Fift 471 45, 15
I, BRI B3N o [ RIS, N T B
R, 3 1) 34 o {H 73 TS AT Foe A A o) B2 1) 9 3K
EFRRETFT D NT 0~ D2ZE, LALZET 0.

Xt 14437 5, SR F GLPK H 1) glpsol iy 4 3K
fift SSCOpt 5 % FF Y 28 ME MIP ) 8. 76 SR it ik 72 o
glpsol AN Wi H 24 7 $% 21 i) S A0 i, Gn R R Ao Fie
TR, ) 5 J B P A 4 S e P AR 5 U, o i i 1
RS — B A2 A Jy i AR . oh I B SR Al 45 R
VB v o () g 445 7 T TR0 IR 2 R, O L A S B
13 BT B F5 00 ff, TR] T K o K< SR A B 1) 12 58 19
10h. R3~FRSEH TR R

‘ ) SRR . )
Wi R RiEo \ — — — SRR R4 SR )
EHTNFE /W WEREFR /% HFreR i  RAEASE /ms
1 0.30 347.1 10.00 365.2 3 18 ms
2 20 % 0.50 352.5 7.57 375.3 1 10 ms
3 0.70 383.8 0.00 383.8 17 1.2s
4 0.40 772.2 10.00 832.5 186 1.5s
5 50 % 0.50 804.9 5.14 843.6 7 145 ms
6 0.60 848.5 0.00 848.5 33 130 ms
7 0.50 1345.2 10.00 1465.7 8 401 ms
8 80 % 0.80 1377.5 7.87 1529.3 3 21 ms
9 1.10 1556.4 0.00 1556.4 9 20 ms
T4 EEHERERNOBRRGER EHMSHTERNHE 7 7 H 440 F01880)
. ‘ SRARSE R e )
W AR WEoe ‘ — — SRR R R
EBEDIFE /W WEREFER % SR ANEIRACIE SR AR [R]
10 0.30 1387.4 10.00 1459.7 1.0s ERI
11 20 % 0.45 1410.0 7.57 1492.1 67.0s 67.2s
12 0.60 1507.7 0.00 1507.7 47 ms 406.2 s
13 0.35 3073.2 10.00 3284.2 442 ms ERI
14 50 % 0.50 3106.5 8.76 3370.5 74 ms ER
15 0.65 3388.4 0.00 3388.4 75 ms ER I
16 0.60 5332.0 10.00 5910.5 38 ms ERI
17 80 % 0.95 5852.0 3.85 6205.0 1ms 18 ms
18 1.30 6214.0 0.00 6214.0 36 ms 35.1s
RS EEIEAN0BHILER EHMIHTE=ME B 25731760703 520)
‘ RS i
Yy Uik:9 WE o : — — - - SRR IR 45 BRI ]
LEREINFE /W WREFE % SR ANEERACIE SRAFHT 8]
19 0.35 5522.7 10.00 5860.2 260 ms 112.0s
20 20 % 0.55 5979.3 0.78 6020.9 778 ms A
21 0.75 6024.6 0.00 6024.6 1.7s I
22 0.20 12278.1 10.00 12760.2 672 ms Fedting
23 50 % 0.45 12298.6 9.81 13362.7 643 ms I
24 0.70 13527.8 0.00 13527.8 564 ms FEdting
25 0.60 21338.1 10.00 23652.1 1.2s I
26 80 % 0.85 21367.0 9.86 24 598.6 298 ms ERI
27 1.10 24841.9 0.00 24 841.9 484 ms A
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# # 5

xR %36%

THE AR HE ML A0 2 B 46 A D IR i e 2 T
DR AN B 5730, SR 5 2 SR ALK 7] R4S 2R 4 36
B s a2 A 2 SR S A B A R
V), (1 SEL A0, 8 3000 ] AR SR A ] 194 3 4, K1 Lk, A S
N0.5 s /& — 1T 52 (118 26 ST SRAFIT ).

TERR b, R 3~ K5 45 R R WA, bl 5 S 7
FUAS 39 N, SSCOpt J5 & 4 At MIP i) it 1) B £ R
SEHCR B A H 230, SRR ) A8 R E R
3. f e — AN S AR, TE A 9 Flidg 5t T, SR i
FRHCLE 25 P &5 5, D] Lk AT SR A5 1) i 350 42 e AL A i
FH 8155 28 2 21 m] S0, 7E BB 9 Mg 52, glpsol ¥ 7E
200 ms 3R AF T H MR, R, S T iZ A R 20 AN
RUIHERE, SSCOPpt /5 5 A % (M 217 2k S AR Ak

FERIMES. B ELRZEIH T, RKE
IR ESER T T, Bt 2 U glpsol R AE 10h P R15 F Al
fift, FoR IEAR 2 5 50N, SRAE IS (R #1705,
1, T RIABE R T 80 4N 19 s B2 AF, SSCOpt 77 %8 e
T BIAE AL SR AL
3.3 LSCOpt/5 RHIMAL IR

3.2 /NI SR G 45 AR B, SSCOpt 7 & B ik
SRAF /N S 1) 4 ) B L3058, TR e, AR /N A
G 2 P R RIS () R A, AN AE X 2 B BB 3K
LSCOpt J7 &, Ml A 1 S 3 AL R4 (50 5
3.2 /N5 45 XF LSCOpt J7 & i A £ 4 MIP
7 A, 7 5% A AR BRSNS AR S R H
44N, AR HAN S IR 28 85 AR A 06, T S5 46
HERIA TG G,

SR iE FPVE 5741247 0.5 s, 3R 15 — /> H b
BRI B /ML R T VA I R IME T R &, RS

1.60 3.48

0T HR AR E. 7£3.2 /85, GLPKIZ4T 1 10h KK
fift SSCOPpt J7 Z& H H 28 14 MIP [l 8, L 3R 15 1) il A
SCN A A v R 1, DR R AR N S AR e (A
OpenMPP7 AT ALAN AR (1) 4k, B FE % &= v 4. FPVF
A SHOR E W AR /N80 (&AM 10
125, e M N 08122281 R 645 T SR Al 4 1.

w6 MR

M st il NEe  BisREdE ZFHE
10 0.30 1460.2 1459.7
11 20 % 0.45 1492.1 1492.1
12 0.60 1507.8 1507.7
13 0.35 3284.1 3284.2

80 14 50 % 0.50 33705 3370.5

15 0.65 3382.8 3388.4
16 0.60 5910.5 5910.5
17 80 % 0.95 6205.0 6205.0
18 1.30 6214.0 6214.0
19 0.35 5860.2 5860.2
20 20 % 0.55 6020.9 6020.9
21 0.75 6022.0 6024.6
22 0.20 12758.3 12760.2

320 23 50 % 0.45 13361.4 13362.7
24 0.70 13526.6 13527.8
25 0.60 23641.4 23652.1
26 80 % 0.85 24596.2 24598.6
27 1.10 248419 248419

RoH ML RER W ERTE 18P 5, AXLAE 10
12 X i Fh37 5 N, FPVF 5115 (£ 0.5s ) 3K 1511
Hbr B BB L2 B0 2 (&), IIE 4 R Z B 5T,
FPVF 5% (1£ 0.5 s W) # 6E R 15 L 2 5 {8 B 4 1) Al
BIAELE 10 R 123X By A7 550, FPVE 502K 4531 H bR
bR E A B 2 3 A= T A 31 0.034 %. K ik, LSCOpt
77 GERe 0 N T OB AR B I AE 2 S LA,

5 RN H{H 14921 e ML NZ#1E3370.5 S 6.8 TN Z %1 6205.0
E,_j 1.56 @ 3.44 @
& 1.52 1% 3.40 g
m | m A m
1.48 3.36 6.20 —— . L . L
0 1 2 3 4 5 0 1 3 4 5 0 1 2 3 4 5
i 1H] /ms I 18] / ms i 18] /ms
(a) Bs11 (b) ¥t 14 (c) =17
6.17 14.1 24.70
= HEL N2 %16.6020.9 = M B K 133627 o NEL NS5 24598.6
= 6.13 = 13.9 2
@ o = 24.66
& 6.09 & 13.7 K
£ 6.05 k135 g 24.62
m m - | S m
6.01 : 13.3 : : : 24.58 .
0 2 4 6 8 10 0 1 3 4 0 2 4 6 8 10
i 18] / ms i 18] / ms I 18] /ms

(d) #5£20

(e) 523

(f) 526

3 RBRHER
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3.4 FPVFEERIRBENE

A/NYR A AT 375 11, 14, 17, 20, 23 126
Sk X FPVF 5925 1) e S50 B2 76 SR o 72 v, A
TS N AT 2 B bR ok BOE AN BT R SR
i), RN A S IR AL FH I S H b5 3.3 /N —
FE. MHAZS R 3 o, B &R~ 25 E

B3 1) & SRR B U S AR 80 BN, TE AT
Y5t N, FPVF 5y # A 7E 5 ms WIS B A th & %1
ZEWIR, MR 320 1, 7E AT 3% 5t N, FPVF 54
VEFBREAE 10 ms NSRS b 2 2 (8 22 (. mT LU
SR A PR, 3 R A R R i AR R H D, I
H FPVF BIL ISR M 0% &1, A e vT LUE 21, B4R
W 5 SR RIS 1 1 K, IR AR B R H A 8, E
BHOY B, VS 228 K A & o SRR R
B 2 W AT 48 0, DR T SR A i 1) b g foE K. b
A, B 3 1) 45 B8 R B, MTUR R R R D A LR
T 7 X R AT FhRE T AR 2 T B T 9 4k
AR R4 AR, DA K St T e L4 2R 1R B oy B g
&, Bt LR B F5 1 T B AR

4 & ®
AICHEH T SSCOpt FILSCOpt B At A 77 2, 43

T3 T /N AR AR () S . SSCOpt J7 Z2 41X

R A X 8] ORI 2 6, R SRR DL AL ik

JIAR % MIP i) i, 2R Ji= R FH GLPK SR fige. S 36 45 R R

W, AR RE AL /NN 207 SR BEAE 200 ms A SR 1542

R L& . LSCOpt J5 St X 11 i A5 5 SUR A 1

A, K SRR AL 3 AR 2 MIP ] AL, 2R )i 2

— Pt B A B R AR B 1 i BOR R

FPVF. s 46 45 R, RIS T KBS, %7

FABHELE 10 ms PYSRAFARGS (10 0 HE E . Ak, AR S 2

H A D8 A SR I RE 6 8 20 SEI B AT B SRR B T —

SETE I B S ) DGR T30 xR 4 R ORI

BEFE pofs 225 X e b A e, 1k — P 4R T FPVF 53
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