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1.0 Introduction 

Network problems provide a unified approach to many applications because of its general 

structure, in which water distribution network is no exception. According to, Chao-Hsien et al., 

(2000), the design and development of a reliable network infrastructure is a very critical 

activity, hence becomes a primary source for information creation, storage, distribution, and 

retrieval. Over the past few decades, there have been efforts to increase provision of domestic 

water for both rural and urban homes. Water is fundamental for life and essential for nearly 

every human endeavour. According to Cunningham et al., (2005), the earth is endowed with 

approximately 1.4 billion kilometres and of these only about 2.5 percent (i.e. 35,000,000km3). 
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This study investigates the optimization of a water distribution network using 

an engineering management approach based on network analysis. The water 

supply distribution network pipe system of Michael Okpara University of 

Agriculture, Umudike, as analysed. This study used genetic algorithms (GA) 

approach to solve minimum spanning tree problem of a water supply network 

system of Michael Okpara University of Agriculture, Umudike. 

Computational experiment results show that the algorithm gave an optimal 

distance of 5151.9 m, using thirty-six (36) nodes, which was arrived at after 

23 iterations (generations), using phyton programme environment. Hence, the 

study achieved a reduction in distance of distribution route and financial cost. 
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The availability of water varies greatly, while some people pay so dearly for domestic water, 

others have an easy access to adequate clean water and sanitation due to their location and 

social status. With increased urbanization, government cannot improve their infrastructure at 

the same pace, but changing the way they operate it can yield significant improvements, which 

might be critical especially in developing areas, Connor (2015). The water need of the rural 

population has been on the increase due to increases in the population and consumption rates, 

WHO and UNICEF (2012). According to Gandy (2006) and Water-Aid (2006), it was estimated 

that only 1% of the households of most the populated city in Nigeria were connected to sewers. 

As of 2010 only four wastewater treatment plants were rehabilitated and are situated in Lagos. 

The federal government is in charge of water resources management; state governments have 

the primary responsibility for urban water supply; and local governments together with 

communities are responsible for rural water supply, Gandy (2006). Such challenging issue 

with the Nigerian water supply sector is the traditional way in which citizens view 

the provision of water supply and services. This provision is as well regarded 

traditionally, a social responsibility of the government. Consequently, the  costs of 

water infrastructure and service delivery is usually met largely from government 

allocations and aids, rather than from water tariffs and charges, thus leading to the 

long-standing practice of fixing water rates far below the full cost of service  

provision, Odigie and Fajemirokun, (2005). Ariyo and Jerome (2004), reveal that increased 

maintenance and operational costs, coupled with competing demands on public funds, 

government at the state and federal levels have proposed privatization of the drinking 

water supply sector, although have always met intense resistance. Critics of 

privatization have argued that the provision of safe drinking water is a fundamental 

human right, hence too crucial to the national welfare to be totally sold to the private 

sector. Private for-profit water services providers refer to individuals and/or small 

https://en.wikipedia.org/wiki/Wastewater_treatment
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and micro-enterprises that generate, treat, and distribute water to households as 

commercial or business undertakings, Adeleye et al., (2014). Against this backdrop, 

civil society groups and local communities have always mobilized and intensified 

their advocacy campaigns against privatization, since the process is perceived as 

more of concern for economic efficiency rather than ensuring the rights of the poor 

to access to safe drinking water, Odigie and Fajemirokun, (2005). The instruments and 

documents that govern and regulate water-resources in Nigeria are not sufficient to 

resolve the issues of control, ownership, management and protection of water 

resources. According to Nwankoala (2011); Omole (2015), the underperforman ce of 

these documents which govern and regulate water-resources in Nigeria is well known. 

The unsustainable nature of water services delivery is a major challenge which needs to be 

overcome if the rural economy, and more in the urban areas is to be transformed. Achieving 

this requires extensive research in order to select policies and strategies that are informed by 

clear scientific insight. The situation of water supply to citizens requires a pattern which could 

be represented inform a spanning tree, hence minimum spanning tree algorithm. According to 

Wijaya et al., (2016); Iswan et al., (2016); Supiyandi et al., (2017); Andysah et al., (2018), The 

minimum spanning tree algorithm can calculate optimal usage. Optimization is a significant 

thing to achieve, as it also relates to the use of operational costs, and by optimization, some 

essential aspect will be saved and minimized. The economic factor in saving expenditure is a 

strong drive, in improving the water supply problem faced. There has been an increased interest 

in using Genetic Algorithm GA to resolve network distribution problems. GA has been applied 

in several network distributions in as to resolve vehicle routing which has been investigated by 

researcher for more than fifty years, Mazin et al., (2017); Cortes et al., (2017), in optimization 

of sensor network, Ehsan and Ali, (2011), piping network Eiger et al., (1994); Fujiwara and 

Khang (1990). Furthermore, these have already been applied to different distribution network 
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optimization problems as may be seen in Murphy and Simpson, (1992); Boyd et al., (1994); 

Savic and Waiters, (1995). Also, according to Andysah et al., (2018); Simpson et al., (1994), a 

comparison of GA and other techniques has been provided. Michael Okpara University of 

Agriculture, Umudike has been bedevilled by the water supply challenges and one of the 

problems associated to the water supply is the distribution network. Hence, this study examines 

the use of GA in optimizing the distribution network of a water supply pipe. 

2.0   Methodology 

This research was carried out within the university premises of Michael Okpara University of 

Agriculture Umudike (MOUAU). Umudike lies between latitudes 5o 25' and 5o 32' North and 

longitudes 7o 32' and 7o 35' East of the equator. It is in the tropical rainforest zone of Nigeria, 

and is one of the three universities of Agriculture established by the federal government of 

Nigeria.  

 
Figure 1: Map showing the location of MOUAU in Abia State, Nigeria, with an aerial photograph of the study 

site. Source: Ministry of Lands and Survey, Abia State. 
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The source map (Umudike area) was extracted from the satellite imagery downloaded from 

Global Land Facility Cover Website, Google Earth. The map was geo-referenced using Arc 

Map 9.2 GIS software. The data was captured through heads-up digitizing in Arc Map 9.2. The 

final layout was prepared using the mapping functions of the same software (Amadi and 

Olasehinde, 2010). The source map (Umudike area) and borehole locations are shown in figure 

2. 

 
Figure 2: Source map of the study area showing borehole locations. Source: Akaninyene and Magnus, 2012 

 

According to Akaninyene and Magnus, (2012), The source map of the area was registered into 

the software (ILWIS 2.1) through the steps of scanning, import, creation of coordinate system 

and georeferencing. The borehole locations captured using GPS were located on the digitized 

Umudike map (Table 1). The various spatial features (well location, elevation, contour lines) 

were digitized. Contour lines and elevation information were used to prepare the digital 

elevation model of the study area. Interpolation operation was used to prepare the vulnerability 

maps of different groundwater quality parameters and finally cross operation was used for the 
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preparation of the final hazard map of the area, (Igboekwe et al., 2011; Akaninyene and 

Magnus, 2012). 

2.1 Assumptions 

The following assumptions were made: 

i. The connectors (edges) are undirected i.e. there is no source node or sink node 

ii. Each chromosome formed is equivalent to a spanning tree and edges are genes within 

the chromosome 

iii. The weight is a restricted non-negative real number indices. 

iv. Increase in length is proportional to an increase in cost in naira. 

v. The nodes represent the respective colleges, hostels, engineering drawing studio, works 

department and the administrative block of the institution. 

2.2 Network Representation 

Figure 3 below shows Undirected digitalized network diagram of roads and 36 nodes with their 

corresponding interconnected distances (edges) in meters. It represents the paths in which the 

supply of water could be traced pass.  

Let 𝑮 = (𝑽, E) be a connected weighted undirected graph with n vertices, 𝑽 = {1,2, …, 𝑛} is 

the set of nodes and 𝑬 = {(𝑖,𝑗) ∶𝑖,𝑗∈𝑽, 𝑖 ≠ 𝑗} is the set of edges joining the node and 𝑊𝑖𝑗represents 

the weight of each edge (i, j) ∈E. Each edge ∈𝑬 with end points 𝑖 and 𝑗 is defined by an ordered 

pair {𝑖, 𝑗}. 
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Fig. 3: Undirected graph showing Michael Okpara University of Agriculture, Umudike Nodal network 

The Genetic algorithms (GA) was employed in solving the minimum spanning tree (MST) 

network optimization problem.Genetic Algorithm (GA) applied to an optimization problem is 

intimately related to a set of control parameters which must be appropriately determined by the 

designer of the GA in order to obtain high quality solutions in an efficient manner, (Goldberg, 

1989; Hesser and Manner, 1990; Bernd and Michael, 1993). Genetic algorithms are commonly 

used to generate high-quality solutions to optimization problems through biologically inspired 

operators such as selection, crossover, and mutation. Genetic algorithm (GA) is a metaheuristic, 

inspired by the process of natural selection that belongs to the larger class of evolutionary 

algorithms (EA) in computer science and operations research, (Mitchell, 1996; Petrowski et 

al., 2017). The flow diagram of the genetic algorithm for path optimization used is presented 

in Figure 1. 
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2.3 Genetic Algorithm Concept and Consideration 

The Genetic Algorithm (GA) was developed based on: 

i. The connectors (edges) are undirected i.e. there is no source node or sink node 

ii. Each chromosome formed is equivalent to a spanning tree and edges are genes within 

the chromosome 

iii. The weight is a restricted non-negative real number indices. 

iv. Increase in length is proportional to an increase in cost in naira. 

v. The nodes represent the respective colleges, hostels, engineering drawing studio, 

works department and the administrative block of the institution. 

 
 

Fig, 4: flow diagram of the Genetic Algorithm for Path Optimization 
 

2.4 Developed Program  

The program developed was a python program, and the developed program is as shown 

below;  

import random 

import sys 

sys.setrecursionlimit(2500) 

class UFDS: 

def__init__(self,d): 

        a=list(d.keys()) 

        c=[i.split('-') for i in a] 

        s=set() 

for i in c: 

s.update(i) 

        b=list(s) 

self.u=[{i} for i in b] 

deffind(self,x): 

for i in self.u: 

if x in i: 
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return i 

defunion(self,x,y): 

self.u.remove(x) 

self.u.remove(y) 

        a=x|y 

self.u.append(a) 

return self.u 

deftesting_solution(c,d): 

    o=UFDS(d) 

for i in c: 

x,y=i.split('-') 

        j=o.find(x) 

        k=o.find(y) 

if j!=k: 

o.union(j,k) 

else: 

return False 

    else: 

return True 

defcreate_random_chromosme(d,s,e): 

    o=UFDS(d) 

random.shuffle(s) 

    a=[] 

for i in s: 

x,y=i.split('-') 

        j=o.find(x) 

        k=o.find(y) 

if j!=k: 

a.append(i) 

o.union(j,k) 

else: 

pass 

        if len(a)==e: 

return a 

defcreate_parent_solutions(d,s,n,e): 

    p=[create_random_chromosme(d,s,e) for i in range(n)] 

return p 

 

defcomputing_fitness_value(d,c): 

    s=[d[i] for i in c] 

    f=sum(s) 

return round(f,2) 

defselecting_parent_solutions(d,s,n,e): 

    p=create_parent_solutions(d,s,n,e) 

p.sort(key= lambda x:computing_fitness_value(d,x)) 

ps=p[0:2] 

return ps 

defcrossover(d,a,e): 

''' a is gotten from the selecting_parent_solutions function ''' 

u=set(a[0])|set(a[1]) 
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    o=list(u) 

try: 

        c=create_random_chromosme(d,o,e) 

assert computing_fitness_value(d,c)<computing_fitness_value(d,a[0]) 

except RecursionError: 

return a[0] 

except AssertionError: 

return crossover(d,a,e) 

else: 

return c 

defmutation(d,s,e,b): 

''' b is gotten from the crossover function ''' 

r=random.random() 

if r<0.15: 

try: 

            c=create_random_chromosme(d,s,e) 

assert computing_fitness_value(d,c)<computing_fitness_value(d,b) 

except AssertionError: 

return mutation(d,s,e,b) 

except RecursionError: 

return b,computing_fitness_value(d,b) 

else: 

return c,computing_fitness_value(d,c) 

else: 

return b,computing_fitness_value(d,b) 

defga(d,g,e): 

    s=list(d.keys()) 

offsprings=[] 

    a=selecting_parent_solutions(d,s,4,e) 

    h=crossover(d,a,e) 

    f= mutation(d,s,e,h) 

offsprings.append(f) 

for i in range(g): 

try: 

            a=selecting_parent_solutions(d,s,4,e) 

            a=[offsprings[0][0],a[0]] 

            h=crossover(d,a,e) 

            f= mutation(d,s,e,h) 

offsprings.sort(key=lambda x: x[1]) 

offsprings=offsprings[:1] 

if offsprings[0][1]>f[1]: 

print('The total distance after {} iterations is {}'.format(i, offsprings[0][1])) 

offsprings.append(f) 

except RecursionError: 

            solution=offsprings[0] 

print(solution) 

else: 

print(f' total distance after {g} iterations is {offsprings[0][1]}') 

        solution = offsprings[0][0] 

print(solution) 
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for edge in solution: 

print(f'{edge} \t {d[edge]}') 

network = {'1-2': 853.4, '2-3': 160, '2-23': 933.9, '3-4': 170, '3-5': 158.7, '5-6': 142.8, '4-

8': 256.7, '6-7': 68.7,'7-8': 27.2, '8-9': 142.7, '7-10': 36.8, '10-11': 27.2, '8-11': 36.8, '11-

12': 126, '12-13': 208.2,'12-14': 363.6, '14-15': 118, '13-16': 328.2, '15-16': 150, '14-17': 

100, '15-18': 100, '18-19': 100,'18-17': 118, '16-19': 115, '20-21': 166.4, '18-21': 152.8, 

'21-26': 170, '26-25': 84.2, '26-27': 130, '27-28': 170, '28-35': 115, '35-34': 170, '27-34': 

115, '34-36': 235, '36-33': 72, '33-26': 574,'25-24': 140, '24-23': 100, '23-22': 100, '22-

31': 371.35, '24-30': 100, '23-29': 100, '29-30': 100,'29-32': 170, '32-33': 285, '32-31': 

100, '17-20': 115}, 40, 35) 

The algorithm was iterated using varying chromosome populations until the optimal solution 

was obtained. The result is shown in Appendix E. These results are discussed in chapter four. 

3.0 RESULTS AND DISCUSSION 

There was a reduction in total distance from 6501.95m to 5537.00m, when the number of 

generations increases from 5 to 8. A slight increase occurs at the 10th generation which 

decreases slightly and stabilizes at the 23 generation with the value 5151.9 m. Figure 5 shows 

the variation of randomly generated generations with the overall distance covered, and Figure 

6 shows the minimum spanning tree graph formation for the genetic algorithm. The optimal 

network has the following edge combinations:  

['34-36', '24-23', '14-15', '8-9', '15-18', '7-8', '1-2', '3-4', '16-19', '12-13', '17-20', '26-25', '3-5', 

'21-26', '10-11', '29-32', '6-7', '13-16', '23-22', '28-35', '18-19', '25-24', '7-10', '35-34', '29-30', '5-

6', '2-3', '26-27', '11-12', '36-33', '14-17', '18-21', '27-34', '23-29', '32-31']”. 

 
Fig. 5: variation of randomly generated generations with distance 
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Fig. 6: Optimized network using genetic algorithm 

4.0 CONCLUSION 

The water supply network system of Michael Okpara University of Agriculture, Umudike, was 

analysed in this study. The minimum spanning tree problem was solved using a genetic 

algorithm in which edge weights represented distance variables and undirected deterministic 

graph developed. The algorithm reads both the connection and weight (distance) matrices of a 

given network, then search the minimum spanning paths that optimizes the overall distance 

rooted at a given node. The results obtained after 23 iterations (generations), showed an optimal 

distance of 5151.9 m. The study further creates a vacuum of comparison using other algorithms. 
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