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Table (3): Values of genetic algorithm parameters used for optimal network design
(Alperovits & Shamir, 1977)
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Table (4): optimal calculated diameter by the present GA model and specifications of the optimized hydraulic

system
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Figure (8): System cost versus number of iterations - final cost $ 422,000
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Table (5): NSGA-II parameters values used for optimal network design(Alperovits & Shamir, 1977)
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Figure (11): Front of nondominated solutions
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Table (6): Optimal diameters calculated by the present NSGA-II model and hydraulic specifications of the
optimized system

Ao o Lo 1 2 3 4 5 6 7 8
(@) aatg yhad 18 14 14 2 14 4 14 10
(4wl yo) Aol s puo 1.896 1.526 1.328 0.428 09837  -0.7377 12463  -0.9789
6,5 o )louis 1 2 3 4 5 6 7
() 055 o jLid 60 53.25 37.2 4357  43.04 30.89 29.1
43290 gy add oo Gl odge (il Al o dlege AL A L 2k )

A3 G—ioo ol a8 LS4 NSGA-II —ale s dxs (Alperovits &  Shamir, 1977)
(Alperovits &  (glail>go oS >l b Slwlxe

oy g, Ly awglis 4o |, Shamir, 1977)

u,uj_ﬁ (_gl_»..».n g s o A_JLM N u_:‘ !l 00
Jgoz j0 sz g)lel g ol Jdo U egian

aamg baculools pals ol 00 5l i S
S NSGAIL g, ,o el wlxa & t50 4 S
o=l 5l eslaiwl ol o cwoay GA i, 5l S
&y St (b Adaa ST A J> 6l b,
B by ol o aSil by s 4 0y 8 oo dxogs ]
D9 3> 4 09 chyyal glaSgTay pgd San
o pgd Bud b lade (sl Bas wls 09 cole,

Dol SuoY o

el 0ol assl )l Gliass ol o 55 ete 3l S Y
FAQe e e sgaa e 0518 sla iy, i
polie 45 05l 00,5 8,91 1 HeS3e &S glp 1) Ve
390> Cpaad )0 3 ol Gz 40 sde] Cwwdds
Yo fYY. e g NSGA-Il o gy FVAe e o
asbp sl e aed ol Lo 0,91 GA Lawgs
Sgas Loy Dl amy iy (Sl S5 o 55|
VO 90— NSGA-II g, l,— g 436 YVYY/OF

(EKinci & Konak, 2009) ;! J 45) ciliseo wlindss j» (Alperovits & Shamir, 1977) glails 93 4w Jo gl —Y Jodo

Table (7): Results of solving the two-loop network (Alperovits and Shamir 1977) by different researches (after:
Ekinci & Konak, 2009)

Fare

Silwdiats (09

(MM) age dg) yhad o3gusmo

Alperovits and Shamir 1977
Goulter et al. 1986
Kessler and Shamir 1989
Fujiawara and Khang 1990
Eiger et al.1994
Loganathan et al. 1995
Savic and Walters 1997
Sherali and Smith 1997
Sherali et al. 1998
Abebe and Solomatine 1998
Cunha and Sousa 1999
Todini 2000
Geem et al. 2002

Eusuff and Lansey 2003
Prasad and Park 2004
Ekinci and Konak 2009

Linear programming
Linear programming
Linear programming
Linear programming
Linear programming
Simulated annealing
Genetic algorithm
Linear programming
Linear programming
Genetic algorithm
Simulated annealing
Resilience index
Harmonic search
Shuffled frog leaping
algorithm
Genetic algorithm
Minimum head Loss
strategy

Yo Hl3») 4y 5o

Sl JrigRes
497.525 101.6 508.0
435.015 254 508.0
417.500 50.8 457.2
415.271 254 457.2
402.352 254 457.2
412,931 254 457.2
419.000 254 457.2
436.684 76.2 457.2
436.915 254 457.2
419.000 25.4 457.2
419.000 25.4 457.2
419.000 25.4 457.2
419.00 25.4 457.2
419.000 25.4 457.2
419.000 25.4 457.2
416.000 101.6 457.2
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Extended Abstract
Background and Objectives: Proper design of technical and hydraulic parameters plays an
essential role in the success of a pressurized irrigation or urban water distribution project and its

economy. Therefore, engineers should be able to select the best solution in different stages in

terms of design, construction, maintenance and operation according to the existing limitations
and make the necessary decisions.The ultimate objective of such decisions is to minimize costs
or maximize benefits by considering limitations.The objectives defined for each system may be
different but it is certain that in today's engineering world, one-sided objectives are never
defined.Today, meta-exploration optimization methods for the optimal design of irrigation and
water supply networks have been considered.lt is not possible to compare one-objective and

two-objective methods in appearance. But in the two-objective method, one of the objectives is

defined in such a way that it eventually goes to zero this comparison is possible.
Materials and Methods: Hence in the present study, the optimal design of a pressurized
network with one-objective binary genetic algorithm and two- objective NSGAII has been

done.Genetic algorithm is a method that evaluates different designs through trial and error with

analogy criteria and maintains the best designs and eventually achieves the proper design. Multi-
objective optimization is a sub-branch of the MCDM multi-criteria decision-making set that
takes place among an unlimited set of possible solutions. In such cases unlike single-objective
optimization problems, due to the existence of several conflicting goals, a set of answers is
obtained instead of just one answer. In order to compare the two methods in terms of accuracy of
results and speed of calculations the second objective function in NSGA-II was defined as the
sum of the pressure deficiencies in the network. Observance of minimum pressure constraints in
the network causes the value of this objective function to reach zero and the results of the two
methods are comparable. In order to analyze the network and obtain the pipe flow and pressure
in the system nodes, the matrix shape of the gradient method was used. Computer code was
developed for single-objective (GA) and multi-objective (NSGAII) optimization methods in VB
programming environment. Also, the simulation code according to the matrix shape of the
gradient method was prepared in this programming environment. Finally, All the codes were
linked to each other.

Result: In order to validate the NSGA-II developed cod, its ability to solve several constrained
and none- constrained multi-objective mathematical problems was proposed. The results showed
that there is a very good agreement between the results of the present model and the results
presented by previous researchers. In order to validate the genetic algorithm model, the model
was used to solve the linear and nonlinear constrained optimizations problems that have
analytical solutions. it has been shown that the results obtained from the model are exactly equal
to the results of analytical solutions. After verifying the prepared codes from a programming
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Application and Comparison Of Single-Objective (GA)...

point of view, a proposed two-loop network consisting of 7 pipes and 8 nodes whit one earth
reservoir was designed with both GA and NSGA-II algorithms. The result showed, estimated
cost of implementing the studied network by tow method was the same and with a difference of
less than 1%, while the cost of calculations in NSGA-II method was estimated to be about 2% of
the genetic algorithm method. That is, the time to reach the optimal answer in NSGA-II method
is 50 times faster than GA method.

Conclusion: Given that the cost of calculations in the NSGA-II method is much lower than the
GA method, the use of this method to  optimal design of water presuurized network is
recommended, Provided that in this method the second objective function is defined in such a

way that if all the constraints are observed, its value will be close to zero. For this purpose, the
objective function of the sum of pressure deficiencies Was deemed appropriate.

Key words: Pressurized network design, genetic algorithm (GA), non-dominant sorting genetic
algorithm (NSGA-II)



