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Real-time Optimization of Power and Performance for Application Server

Clusters Based on MILP
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Abstract: In the environment of energy saving and fierce peer competition, it is very urgent to optimize the
power and performance optimization of application server clusters. Aiming at the deficiencies of the existing research
in performance indicators and real-time performance, a real-time optimization scheme of cluster power and
performance was proposed. This scheme combined the linear weighting method and the master objective method to
optimize the cluster power and request drop rate, so converting the bi—objective optimization into a single—objective

constrainted optimization. Firstly, based on the server load—power model in the CPU frequency equivalent
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continuous adjustment mode, the cluster optimization was described as a mixed integer quadratic programming

problem by defining few variables. Then, variable splitting and variable conversion were used to transform the

problem into a MILP (mixed integer linear programming) problem, and we introduced an SOS (special-Ordered

set) constraint. Finally, the Gurobi optimizer was used to solve the MILP problem. Through further optimization of

CPU frequency adjustment, the switching of CPU frequency was greatly reduced. Tests in various scenarios showed

that the average solution time of the scheme was approximately 10 ms and the introduction of SOS constraint made

the solution time more stable, which can ensure the real-time optimization.

Key words: application server clusters; power optimization ; constrained optimization ; real-time ; mixed integer

linear programming ; special—ordered set constraint
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Fig.1 Schematic of the optimization scheme
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Tab.2 Frequency, performance, and power data for each server type
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AMD Athlon
1 1.0, 1.8, 20,22 51.2,91.2, 101.4, 111.4 74.7, 95.7, 103.1, 110.6
64 3 500+
AMD Athlon
2 1.0, 1.8, 2.0, 2.2, 2.4 53.8, 95.4, 104.8, 113.6, 122.3 752, 89.0, 94.5, 100.9, 107.7
64 3 800+
AMD Athlon
3 1.0, 1.8, 2.0, 22, 2.4, 2.6 99.4, 177.4, 197.2, 218.0, 234.6, 255.2 82.5,99.2, 107.3, 116.6, 127.2, 140.1
64 5 000+
Pentium-M 0.6, 0.8, 1.0, 1.2, 1.4, 1.6,
4 156 g 373, 50.0, 62.4, 744, 88.4, 97.6, 111.4  44.0, 45.0, 47.0, 49.0, 51.0, 55.0, 60.0

1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 190.3,
Intel Core 15—
2.2,23,25,26,27,28, 258.1,
3450
2.9, 3.0, 3.1

0.8,1.0,1.2,1.3,1.5,1.7, 159.2,
Intel Xeon

19,20,22,24,26, 28, 324.0,
E3-1230

29,3.1,33

202.0, 212.4, 224.8, 235.9, 247.7,

269.1, 290.5, 301.6, 309.2, 318.7,
326.3, 337.9, 344.4

195.6, 229.8, 244.2, 275.6, 301.7,

337.4, 3589, 379.4, 398.5, 417.8,
422.2, 436.7, 448.1

47.8, 48.7, 49.6, 50.5, 51.5, 52.5,
53.6, 54.8, 57.4, 58.9, 60.6, 62.4,
64.3, 66.4, 68.7
57.9, 59.8, 61.9, 63.0, 64.9, 67.3,
70.2, 71.2, 73.6, 77.3, 80.6, 83.8,
85.2, 88.4, 92.0
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Fig.2  Solution time for the MIQP scheme
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Tab.3 Reduction of solution time after changing to linear programming
o ) MIQP J5 %8 1) 3K Ak I [ /ms MILP 7 % (TG SOS 2450 (3R fit st 7] /ms
SERERLEL SRR % — — — —
F-HME HHE /MA STYNIEN F-HME HE I/IMA FoRAE
20 64.5 63.8 19.0 91.0 8.1 7.3 4.9 31.1
240 50 43.9 44.0 16.1 62.3 11.1 8.5 45 97.3
80 98.8 82.3 12.5 154.1 14.4 9.5 4.8 42.4
20 108.5 111.5 15.3 138.4 8.6 7.0 43 249
960 50 78.3 74.4 12.6 124.3 7.5 6.9 4.4 15.5
80 189.4 141.5 12.6 353.3 12.9 6.8 4.5 73.4
20 197.0 188.3 18.3 286.6 6.1 5.9 4.0 12.4
3 840 50 138.0 138.3 10.4 223.6 6.7 6.0 4.3 33.8
80 1975.1 21715 19.4 3907.4 6.6 5.6 4.0 18.0
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Tab.4 Comparison of the number of variables

HALFET MILP 21 AR SCHEET MILP 7 119
SRR A H A
Tk R SCEUIERY BREUER B E
240 2080 4160 46 46
960 8320 16 640 46 46
3840 33280 66 560 46 46

e S i PRI Y AR AR AR KA, AR i 1) 50 H B
Z TN AR SCHEE T MILP (7 2241 %R 55 28 AL 5 8
AR, AR P R 55 2 A0 RS AR AR R AR
FIECH AN 2 kA AR A RO AR SCEEF MILP T &1
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SEEE AN AP, 38 S8 d5e/IMERT e KA, A SOy O 5831
P F HAIEF MILP 977 %8 0S5 T 5 PRI
PR R A AR, Hofh 3% T MILP (9 5 38 H B0 T —
U SR A i 0] R B A IS T . A, AR 5~38 7 Fhas m LA
N, Y UHLS5% M 15% B AR SC5 52 009 3K figk 1) ] B




162 W 224 (A ARBL =R 2023 4
x5 KEEEEIT L (U=10%)
Tab.5 Comparison of solution times (U=10%)
P %Eﬁﬁ R HoAb LT MILP J5 58 1 5K A B[R] /ms AR SCHET MILP 7 G2 10 3R A B[R] /ms
/% P {E Tl I/IMA R AH FEE E HoME RKRME
20 0.0 774.6 74.3 58.1 3044.5 8.6 8.4 5.9 15.5
240 50 0.0 990.6 82.0 64.6 2599.1 10.3 10.1 5.8 18.0
80 0.0 1180.0 1270.8 62.1 37214 9.7 10.1 6.0 14.6
20 4.0 11091.8 275.6 233.3 56 165.4 8.4 7.9 5.9 14.8
960 50 19.8 2 556.1 336.5 283.5 55049.5 8.4 7.5 5.6 14.8
80 14.9 9741.6 268.3 254.6 59 692.9 8.1 7.4 5.5 13.0
20 5.9 6439.1 7012.8 1129.9 9261.8 8.7 7.9 5.4 14.4
3 840 50 4.0 1641.4 14894 11379 5631.3 7.7 7.1 5.4 15.5
80 5.9 6777.5 2 480.0 1144.0 47 673.4 6.9 6.4 5.0 10.8
F6 KR EXTLL (U=5%)
Tab.6 Comparison of solution times (U=5%)
p— %ﬁiﬁi —— A HAbSET MI@ﬁ%E@ﬁ‘zfn@ﬂ‘l‘ﬂlms A zt{)t%? MIPPﬁ%E‘Jﬂ?fﬁ?Uﬂ‘lm/ms A
/% SFEME E /ME S ON:E FEME PE FoME FoRME
20 0.0 519.9 70.8 54.5 14149 8.2 7.9 5.6 12.9
240 50 0.0 1674.0 80.8 66.9 77753 10.8 11.6 5.8 17.7
80 0.0 1463.0 1284.3 59.9 5075.0 9.3 9.9 5.8 13.4
20 15.8 14 304.8 286.8 246.3 56 665.9 8.9 8.7 6.7 13.7
960 50 8.9 1 863.8 360.3 302.9 49 1179 8.0 7.0 5.6 12.7
80 0.0 4235.0 295.6 270.7 52 387.6 6.8 6.3 53 10.7
20 15.8 7 068.9 7 340.5 1083.1 8811.1 9.6 8.9 6.4 14.9
3840 50 6.9 22104 1721.7 1236.0 25 058.1 7.7 6.7 5.1 17.6
80 1.0 33824 25419 1260.5 6 878.7 6.1 5.9 5.1 11.0
R KREEE B (U=15%)
Tab.7 Comparison of solution times (U=15%)
e SRR HAUFETF MILP J5 22 (143K fi# i [ /ms AR SCHETF MILP J5 28 (143K fi# i [ /ms
LR N FRIN /%
/% FHE E /MA KA T H E B/ME EORME
20 0.0 886.1 70.5 54.3 5200.8 9.0 8.3 6.2 17.0
240 50 0.0 932.2 88.2 66.8 27419 10.5 11.1 5.7 17.0
80 0.0 547.6 195.2 59.2 3575.5 8.6 8.1 54 14.5
20 18.8 15 889.5 243.4 231.0 55960.3 8.9 8.8 6.3 14.2
960 50 9.9 2726.8 333.4 253.9 59 754.8 8.1 7.0 5.7 12.9
80 9.9 11615.7 286.1 268.6 58918.2 7.9 6.8 5.0 11.9
20 12.9 8014.1 7574.2 1083.3 49 688.5 9.6 9.0 6.4 15.3
3840 50 4.0 2031.7 1519.5 12255 76717.5 7.8 6.8 5.7 14.5
80 5.0 6 589.8 7963.4 1306.4 9216.6 6.7 6.1 5.1 12.4
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