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Harmonious decomposition algorithm and its application in
global optimization of pump configurations

ZHANG Gui-jun, HONG Zhen, YU Li, GUO Hai-feng
(College of Information Engineering, Zhejiang University of Technology, Hangzhou Zhejiang 310023, China)

Abstract: A two-stage model, which consists of nonlinear continuous programming and nonlinear integer programming
sub-problems, is proposed for solving the multi-level pumps configuration problem. The integer nonlinear programming
subproblem is solved by using a traditional outer approximation algorithm; the continuous nonlinear programming main-
problem is optimized using a novel harmonious decomposition algorithm based on the cutting angle method (CAM). Some
properties of cutting angle method (CAM) are studied and the ill-posed trap limitation is found and proved theoretically.
In view of the deficiencies of CAM, we propose a harmonious decomposition algorithm using judgement criterions to
exclude the known trap regions in feasible domain; and then, compute the gradually tightening lower bounds on the main
optimization problem by building a sequence of piecewise linear relaxation problems. The sequence of solutions to these
relaxation problems converges to the global minimum of the optimization problem. Experiment results from a 3-level pump
configuration instance show that the proposed method provides better performances than the other optimization methods
listed in paper.
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Fig. 1 M level pump configuration model
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Fig. 4 Objective function for the three levels pump
optimization problem
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Table 2 The run results of three-level pump
configuration case

Z
K ) )
L Lot FHROT RE%

3 1 47404 15086 68.18
100 166 155415 82420 46.97
1000 1783 147471 119413 19.03
5000 8513 165262 128658 22.15
10000 15891 128888 128859 0.023
15000 24328 128886 128 869 0.013
20000 34205 128882 128872 0.008
30000 53918 128881 128 875 0.005
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Fig. 7 The sample points distribution of object function f(z)
(M = 3; K = 30000)

VE# 76 SCHR [5] A GAMS/DICOPT + -+
FOA% ¥, Hdminlp = dicopt,nlp = minos5,
mip = xa) AR =L 5 PUIC B 1) R 34K
I P B S5 I I R 2 134471.56050; N FIECGA S
VROR R = 0 AT A ) E80% M N S 8 S5 AL it
3G T il o AL 5L (HDM) 597 i
ST 8% (ECP)s Min-Min y:(MM). #h i@ i 84
K(0A). ¥ A L VL (BECGA) I EL AR 45 .

3 KmgsE R

Table 3 Comparison of algorithms

gk
i B
ECP MM  OA ECGA HDM

Np1 1 2 — 2 2
N1 1 1 - 1 1
w1 2836 2694 — 2856 2855
1 0449 0769  — 0915 09143
Nipa — - — 1 1
Nz — — — 2 2
wa — — — 2944 2950
2 — — — 0085 0.0857
Nps 2 1 3 — —
N3 2 2 2 - -
w3 2434 2344 2574 - -
3 0551 0231 1 - -

MH/IG 131514 131760 134471 128 905 128 881

5 451 (Conclusion)

Bt oF 22 2% Y A SR 5 AL TC L ) S ST T B A
AR, A 355 PR FL 4T 2 AR 04 48 B Rl (CNLP)
= i RN A K R 2 VAR AINLP) 1 [] . 3 )
K LT CAMB P U 23 A0 A 550025 5K i, INLP-1-
) R FHOA BV KA. Tl /- TCAMIT) F A4l vl
(P JUART e 1, B0 a8 0 A v SR D 1 W e T R B R
ST BE BIE X358, A7 280080 S ) U B T8) R P A7 7
FE, S0 O T S ] R R A R R R
PEREFEAR. 1255 A SR AE 2 90 1 3 22 45 ) T A

R e AR AR N IE B ) R T — P R T
B
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