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In rural Sarawak, the internet accessibility is low due to unreliable power
grids to support telecommunication network and large geographical area.
The risk for network infrastructure implementation is high for Internet
Service Provider (ISP), thus more practical and accurate cost estimation
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1. INTRODUCTION

The Malaysia government promised to improve the internet penetration rate in the country surpasses
90% in 2020 [1]. The leading telecommunication infrastructure company in Sarawak will construct 600
telecommunication towers in 2019 to improve the network penetration in Sarawak [2]. This will be the first
phase of 5000 telecommunication towers that Sarawak government intends to build in Sarawak. Sarawak
government also inked Memorandum of Understanding (MoU) with a few global companies to strength the
digital transformation of Sarawak. With fast improving internet technologies, the digital divide between rural
area and urban area is still a critical issue all around the world. With current high-speed internet connection,
rural area seems disconnected from our society and unable to enjoy the benefits from high-speed internet.

The main factors that hinders internet connectivity in rural areas are the high installation and
maintenance cost, low population density, urbanization, lack of resources and challenges in transportation
[3]. With current internet technologies, rural can have potential to obtain some benefits including promoting
literacy, improving health care, reducing market inefficiencies, increase government transparency and
enabling environmental monitoring. There are some wireless technologies such as Wi-Fi, WiMax, LoraWan
and TV White Space. The maximum range of outdoor transmission for Wi-Fi is low and only can be
enchanced by using stronger directional antennas. This will indirectly affect the infrastructure cost of the
network implementation. The WiMax technology requires high amount of sub-towers to extend the network
coverage which result in high implementation cost. LoraWan that utilizes the license-free ISM band for rural
connectivity but they have slower data transfer rate and requires stronger line-of-sight link [4]. TV White
Space technology utilizes the unused TV band for data transmission. The TV White Space technology has
high range of transmission with limited bandwidth.
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The rural internet development is not prioritised because of low population density and return of
investment from urban area development is more favourable. The general cost estimation methods seldom
concentrate on rural characterisics which result in imbalance between network performance and total project
cost for ISPs. There are a few cost estimation methods with different characteristics, accuracy and sensitivity.
A suitable cost estimation methods will affect the accuracy and reliability of the estimated cost [5-8].

Therefore, the objective of the paper is to review and evaluate the viability and existing cost
estimation methods for risk management and economic analysis particularly for rueal internet
implementation in Sarawak. The rest of the paper is organised as follows; section 2 presents various cost
estimation methods, section 3 describes characteristics of rural Sarawak and proposes suitable cost
estimation methods.

2. COST ESTIMATION METHODS

The cost estimation methods can be cagetoried into three aspects which are expertise judgement,
parametric equation and mathematical algorithrim as shown in Figure 1. Cost estimation methods also can be
grouped into algorithmic models and non-algorithmic models. Algorithmic models rely on statictical or
numerical analysis of historical data while non-algorithmic models focus on case-by-case basis anaylsis.

Cost estimation methods

«— I — >
.Expeﬂise Parametric equation Mathematical
judgement algorithrim

e Traditional Cost e Mean Least Square regression model (MLS)

Estimation e Parametric mode e Neural Network
e Engineering e Capacity Factored estimation model (CFE)

experience * Probabilistic Cost Model (PCM)

Figure 1. The cagetories of cost estimation methods

2.1. Traditional cost estimation

This method requires quotations from various vendors or historical data to obtain the actual cost of
each materials and equipment. The total cost of the materials and equipment are defined as initial starting
point of estimations for the project. The estimations are adjusted according to amount of materials, labour,
equipment and other cost item [9]. This will become the base-line for the total cost of the project [10].
The total cost will be further increase to overcome the inflation of labour, equipment and material. The final
cost will be added some contingency amount (normally set as certain percentage depends on allocated risk) to
handle uncertain events. Therefore, the estimated cost is the summation of initial starting estimation, inflation
rate and contingency amount. This estimation methods usually used as reference point or actual project cost
to compare the accuracy of other estimation methods. From this method, the accuracy of the estimation is
high since all information collected are valid and latest. Collection of information from possible vendors and
historical data are the key factor to determine the duration required and accuracy for this estimation.
Normally, every different project requires different materials, labour, equipment and vendors. So, each
projects require to collect new information from vendors and historical data [11]. This means that all projects
requires to undergo the estimation of initial starting point estimations, inflation rate estimations and
contingency estimations. This estimation method unable to provide the probability of over budget or below
budget and determine the key factors that most influential in total project cost. Therefore, this estimation
method only useful for estimating total cost of the project without further analysing the cost driver.

2.2. Engineering experience

This estimation method usually performed by experienced personal which participated in similar
project. Those engineers obtained engineering experiences from previous similar project and deployed in
current project [12-14]. The current project cost will be scaled up or down depending on the size of current
project to previously deployed project. The engineer required to determine the scaling factors and scaling
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percentages according to their opinions and experiences. After the scaling factors and scaling percentages
have been decided, the project cost will be further increased by certain percentage to handle other unforeseen
event. The extra cost added is defined as contingency cost from risk management [15]. The cost estimation
contingency ensure that the estimated project cost is able to resolve any uncertainties encountered.
But, adding percentage as contingency cost may lead to oversight some risk. Since the scaling factors and
scaling percentages are determined by the engineers without solid evidence or depends on historical data,
the outcome project cost may be over budgeted. This method is able to identify the minor differences
between both projects and helps in knowing their impacts [16, 17].This estimation method only applicable to
current projects that are similar with previously deployed projects or insuffienct information to perform other
estimations [13, 18].

2.3. Mean least square regression models

Mean Least Square (MLS) regression models is a statistical method that analyse the relationship
between one or more independent variables and the dependent variables [19]. For network implementations,
the dependent variables will be the project cost while the independent variables are the cost factors. MLS
regression models utilise the historical data. The MLS regression model’s equation is expressed by (1).

Y=a+b1x1+b2x2+"'+bnxn (1)

where Y is the dependent variables, a is the regression constant, by, b,,..., b,are regression estimates and
X1, X5,..., Xpare independent variables. The regression constant indicates the intersection point between Y-
axis and X-axis. The regression estimates indicates the degree of steepness of the
independent variables.

The MLS regression model is suitable for small number and grouped data. When the number of data
is large, this model tends to underestimates the larger data and overestimates the smaller data as MLS
regression model regresses towards the mean value [20]. The project cost for network implementations are
always scatted and depends on the design. MLS regression model performed estimations with assumptions
that the data collected is normally distributed. The MLS regression model is also sensitive to data outlier.
MLS regression model is more accurate when the data size is small. So, data that further from the average
value are defined as outliers. There are a few methods to determine the data outliers for example Row
Deletion Methods and Forward Search [21]. Therefore, a single outlier can changed the regression estimates
and coefficient of determination, R2 of the MLS regression model [20].

2.4, Parametric model

Parametric model performs cost estimations with mathematical algorithms. All materials and
components are analysed and formulated into Cost Estimating Relationship (CER). The CERs are
mathematical representation of the relationship between cost drivers and total cost [13, 14, 22, 23].
The complete development of a parametric model undergoes scope determination, data collection,
data normalization, data analysis, data application, testing and documentation [24]. The scope is important to
define the functions, characteristics and cost drivers of the project [25]. The low level data collected must be
normalised before further analysing and to be used for the parametric model. For example, all the cost must
be at the same base year. This can increase the accuracy of the model developed. The data analysis consist of
various methods to determine the coefficient of determination, R2 of each cost drivers to the project cost
[26]. R2 that is higher than 0.9 is acceptable while value between 0.6 to 0.9 requires further analysis [27].
This steps is usually can be a time-consuming process. This coefficient of determination, R2 is a
measurement to show how accurate the equation represent the variability of the input data.

2.5. Capacity factored estimate model

CFE model is able to estimate new project cost from previously similar project when the capacity
for both projects are known. This CFE highly relies on the non-linear relationship between project capacity
and project cost. The CFE model’s equation is expressed by (2).

e
_ Cap.
Cnew - Cprevious X (W:EA}M) (2)

where C,,.,, is the estimated cost of the new project, C,,cyi0ys iS the actual cost of the previous
project, Capy,,, is the capacity of the new projectCap,,,0ys is the capacity of the previous project and e is
the scaling factor.
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The scaling factor normally lies between 0.5 and 0.85 [28]. The scaling factor of CFE is defined as
the slope of the cost curve that represents the change in cost when the new project is larger or smaller than
the previous project. The main challenge in using CFE method is selecting correct scaling factors.
The previously similar project must be close in size and capacity to the new project. Some external factors
such as location, environment and time will further reduce the accuracy of this CFE method. In order to
increase the accuracy of the estimations, cost index is used to overcome the inflation rate when the previous
project was completed few years before. The suitable scaling factor can be determined by performing
stimulation with large number of previously known project. This CFE method can be prioritise when only
limited information available. But, this may result in negative impact when the neglected parameters are very
important in cost estimations [29, 30].

2.6. Neural network

Neural network model also able to solve regression problem. Neural network is a network or circuit
that can learn to solve artificial intelligence (Al) or regression problems. Among all different neural network,
multilayer feedforward neural networks are the most popular method to handle regression problems. Multilayer
feedforward networks feed the input into hidden units and the output from hidden units will eventually feed to
the output units. The Figure 2 shows a multilayer feedforward neural network with one hidden layer [31].

@ Input Units

Hidden Units

Likes
Wo

Output Unit

Figure 2. Multilayer feedforward neural network with one hidden layer

From Baum [32], the hidden units and weights can be added to the training algorithm of the neural
network to enable the neural network solves any other learning problems. Therefore, with suitable hidden
units and weights applied, the neural networks become universal learner that able to solve any solvable
problems. There are different algorithms to alter the neural network architecture to improve the learning
process for example pruning algorithms [33] and constructive algorithms [34]. The constructive algorithms
able to search for small network solutions first and less training time required than pruning algorithms.
The accuracy and performance of neural networks are highly depending on the data collected. If the data
collected is not complete, the neural network unable to generate suitable algorithms to train the model for
cost estimations. Therefore, neural network requires big data to produce an accurate model for estimations
and this requires long processing time. In addition, the selection of suitable training algorithms such as
numbers of hidden units is a major challenge for this neural network.

2.7. Probabilistic cost model (PCM)

Most of the cost estimation model only concentrate on cost drivers that directly contribute in total project
cost. Unexpected events are always ignored during the estimation process and this is actually important when
preforming real cost estimation with high accuracy [14, 35]. PCM model is used to estimate the total cost for
unexpected events during the project lifetime. Unexpected events such as expansion site or material price change
will induce some extra cost to total project cost. Those unexpected events are normally unpredictable and random
in nature which increase the challenge for all cost model to estimate an accurate total project cost. Previous cost
estimation methods handle the extra cost from unexpected events by including some contingency cost in total
project cost. This is the easiest and fastest method to handle the extra cost but may result in overestimates or
underestimates of total project cost and the unexpected events are not clearly identified. After identified all possible
unexpected events, PCM model is able to identify the total cost for unexpected events.
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For PCM model, the unexpected events are assumed to be independent from each other and only
one event occurred at a time. This enable the unexpected events fit in Poisson distribution and modelled into

Poisson process. The probability of having cost overrun can be determined when the contingency,f is set.
The probability can be estimated by using the (3).

P[C,<Blzp,f=1-p

P[C, < B] = X0 P[C. < Bl X = x] P[X = x]

o ﬁ—xﬂ X -1
P[C, < p] = x=0¢[cvu_ccj§]x_62p (3)

x!

where C; is the total cost of unexpected events, u. is the average cost of unexpected events, A is
average rate of event occurred, ®@ is cumulative distribution function of x, C is the initial total cost of project.

The estimated cost of unexpected events can be estimate since the unexpected events follows a
Poisson distribution with A. The initial cost estimation of unexpected events can be obtained with (4).

E(C)=EQL.G)
E(C,) = EX)E(C;) 4

This PCM model is able to estimate the total cost for unexpected events which will indirectly
increase the total project cost when the average cost of each unexpected events is known.

3. DISCUSSION AND ANALYSIS
3.1. Characteristics of Rural Sarawak

The population of Sarawak increased constantly from 2.70 million in 2015 until 2.81 million in 2019
[36]. Sarawak is the largest state in Malaysia which covering an area of 124, 449.51 square kilometres.
Sarawak’s area is almost equal to Peninsular Malaysia. The large area of Sarawak results in poor Internet
penetration and slower digital transformation. Researchers from Swinburne University of Technology,
Melbourne, Australia and Swinburne University of Technology Sarawak Campus had presented a research
report of digital inclusion and mobile media in rural Sarawak. The research took place in 11 rural villages in
Sarawak. The report highlighted that only 36 per cent of residents in rural Sarawak have accessed to the Internet
compared with 56 per cent from overall Malaysia [37]. This shows that our Sarawak are still lagging behind
from Internet penetration and digital transformation. Our Government provided a few benefits or welfare
schemes to those in need which included child benefits, aged benefits, handicapped benefits and poverty
assistance [37]. The research discovered that at least 61 per cent of resident from rural area received one of the
support from the government. Furthermore, only 18 per cent of residents from rural area did not own any
devices that can access to the Internet [37]. The characteristics of Rural Sarawak as shown in Table 1.

Table 1. The characteristics of Rural Sarawak

Characteristics of Rural Sarawak Amount
Number of populations in 2019 (million) 281
Area (km?) 124 449,51
Rate of rural resident accessed to the internet (%) 36
Rate of rural resident received support of welfare schemes from Government (%) 61
Rate of rural resident did not own any Internet support device (%) 18

The development of rural area Sarawak can be determined from a few aspects which are electricity,
water, supply, schools, health clinics, road connection and mobile coverage. Older residents treat electricity,
water, supply, schools and health clinics as the key elements in rural development. Rural connectivity is not
top priority among older residents but the younger generations claim that rural connectivity is also one of the
important aspect and should be emphasized [38]. Generally, road connection is always used as a parameter to
measure how “developed” an area is. Connectivity has become a hot issue among countries and some
countries start to measure their rural development according to rural connectivity. Sarawak tends to reduce
the rural-urban development gap by launching the Sarawak Digital Economy Strategy 2018-2022 which
includes 47 plans to drive Sarawak into high-income state in Malaysia.
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The residents in rural Sarawak normally have their own living style to make a living such as
agriculture, mining, timber sectors, fishing industry and local tourism. Most of the rural residents have met
the minimum income standard but their living environment can be further improved by our current
technologies. By promoting internet to rural areas, they are able to receive the latest information from time to
time which prevent them feel like excluded from outside world. They can gain new knowledges or methods
to improve their current lifestyles. The government can establish stronger connection with rural areas while
seek for their needs. The education and health issue also can be improved with enhanced rural connectivity.
Sarawak is the largest state in Malaysia which result in most of the rural areas are far from urban cities.
Therefore, implementation of Internet connectivity requires strong backhauling system which indirectly
increases the total project cost. The high initial investment and unforeseen return of investment reduce the
interest of Internet Service Provider (ISP) to invest in improving rural connectivity for rural Sarawak.

3.2. Proposed cost estimation methods for Rural Sarawak

The government promised to improve the internet penetration rate in the country surpasses 90% in
2020 [4]. The rural areas have higher potential in increasing internet penetration rate since internet
penetration rate in urban areas are consider to be high and saturated. The low-cost internet will induces
momentum to the number of users of internet in rural areas and increase the number of internet users.
This will gradually attracts more internet service providers to invest in rural areas. The competition between
ISPs will further reduce the cost of internet which benefits the residents in rural areas. Comparison between
different cost estimation methods as shown in Table 2.

Table 2. Comparison between different cost estimation methods

Cost estimation Time Information
methods required required

Weakness Accuracy

o Must have all information for high accuracy

Traditional cost High High o Case by case basic High

estimation .
o Lack of further analyses of cost driver
o Influence by personal instinct
Englngerlng Low High o Case by cgse basic S _ ) Low
experience o Only applicable when current project is similar with previous
project
Mean Least o Only suitable for small number and grouped data.
Square moderate moderate o Tends to underestimate the large data and overestimates the moderate
regression model smaller data.
(MLS) e Sensitive to data outlier
. o Requires all cost driver information
Parametric . . . . . .
model High High o Data normalisation and data analyse can be time-consuming High
process.
. o External factors such as environment and time will affect the
Capacity
Factored accuracy Lo . .
estimation model moderate Low o Only prioritise when limited information available Low
(CFE) o Reduced accuracy when neglected or missing parameters are
very important
o Difficult to design suitable training algorithm
Neural network High Moderate o Accuracy varies with data collected High
Requires big data
Probabilistic o Estimation only include unexpected events during the project
Cost Model High High lifetime High

(PCM)

The accuracy of cost estimation methods are subjective to the availability of information of low
level cost driver. The traditional cost estimation method and engineering estimation method are case-by-case
basis and requires all information starting from material used until design topologies to produce an accurate
total project cost estimation. These methods requires longer time and some projects unable to provide all
information at the initial stage especially when the project carried out by collaboration of a few companies.
The Mean Least Square regression model only effective where the data is small and similar. From previous
sections, Sarawak has large area which means all rural areas has different characteristics and distance to
urban areas. Therefore, the data will be scattered and not suitable for Mean Least Square regression model.
CFE model is suitable for total project cost estimation when not all low level cost drivers are available.
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This method can be used as initial estimation methods to determine the feasibility of the project before
spending time and resources to determine all low level cost drivers. After collecting all low level cost drivers,
parametric model can be used as detailed estimation to obtain a more accurate estimated total project cost.
PCM can be used to determine the total cost for unexpected events to prevent underestimation or
overestimation of the total project cost.

4.  CONCLUSION

One of the contributions of this paper was to identify and analyse some cost estimation methods for
wireless network implementation. This paper also highlighted the characteristics and cost estimation methods
suitable for rural Sarawak. The accuracy of various cost estimation methods are depend on the data collected
and level of confidence. CFE model is suitable for some projects where not all data is easily available.
Parametric model is highly recommended for some projects that requires high accuracy and all low level cost
drivers are available. PCM model can be used to estimate the total cost for unexpected events. Sarawak has
large area which means all rural areas has different characteristics and distance to urban areas. Therefore, the
data will be scattered and only CFE model and parametric model are suitable for total project cost estimation.

ACKNOWLEDGEMENTS
The authors would like to acknowledge the Sarawak Multimedia Authority (SMA) for financing this
research through Sarawak Digital Economy Research Grant.

REFERENCES

[1] J. Lin. (2018, 16 August 2018). “Govt to Ensure Internet Penetration Rate in Malaysia Will Surpass 90% by 2020
Available: https://www.worldofbuzz.com/govt-ensure-internet-penetration-rate-malaysia-will-surpass-90-2020/

[2] L. Cheng, "Sarwak to erect 600 telco towers to achieve 99.9 pct mobile coverage,” in Dayak Daily, ed. Sarawak:
Dayak daily, 2018.

[3] V.S. Anusha, G. Nithya, and S. N. Rao, "Modeling rural connectivity requirements in India with case studies," in
2017 Second International Conference on Electrical, Computer and Communication Technologies (ICECCT),
IEEE, pp. 1-6, 2017.

[4] M. A L. M. Ariff, Y. L. Then, and F. S. Tay, "Establish Connection Between Remote Areas and City to Improve
Healthcare Services," in 2019 International Conference on Green and Human Information Technology (ICGHIT),
pp. 18-23, 2019.

[5] A.-D. D. Dominic and S. D. Smith, "Rethinking construction cost overruns: cognition, learning and estimation,"
Journal of Financial Management of Property and Construction, vol. 19, no. 1, pp. 38-54, 2014.

[6] D. Yeung and M. Skitmore, "A method for systematically pooling data in very early stage construction price
forecasting," Construction Management and Economics, vol. 30, no. 11, pp. 929-939, 11 January 2012.

[7] S. Oh, J. Rhodes, and R. Strong, "Impact of cost uncertainty on pricing decisions under risk aversion," European
Journal of Operational Research, Article vol. 253, no. 1, pp. 144-153, 2016.

[8] D. Wigcek, D. Wiecek, and 1. Kuric, "Cost estimation methods of machine elements at the design stage in unit and small
lot production conditions," Management Systems in Production Engineering, Article vol. 27, no. 1, pp. 12-17, 2019.

[9] N. L. Chang, A. W. Yi Ho-Baillie, P. A. Basore, T. L. Young, R. Evans, and R. J. Egan, "A manufacturing cost
estimation method with uncertainty analysis and its application to perovskite on glass photovoltaic modules,"
Progress in Photovoltaics: Research and Applications, Article vol. 25, no. 5, pp. 390-405, 2017.

[10] Y. Xuetal., "Cost Engineering for manufacturing: Current and future research," International Journal of Computer
Integrated Manufacturing, vol. 25, no. 4-5, pp. 300-314, 2012.

[11] J. Membah and E. Asa, “Estimating cost for transportation tunnel projects: a systematic literature review,"
International Journal of Construction Management, vol. 15, no. 3, pp. 196-218, 2015.

[12] K. K. B.M, "Software Cost Estimation Techniques," International Journal of Engineering Research in
Management and Technology, vol. 3, no. 4, 2014.

[13] C. Hueber, K. Horejsi, and R. Schledjewski, "Review of cost estimation: methods and models for aerospace composite
manufacturing," Advanced Manufacturing: Polymer and Composites Science, Review vol. 2, no. 1, pp. 1-13, 2016.

[14] O. Trivailo, M. Sippel, and Y. A. Sekercioglu, "Review of hardware cost estimation methods, models and tools applied
to early phases of space mission planning," Progress in Aerospace Sciences, Review vol. 53, pp. 1-17, 2012.

[15] M. Tadayon, M. Jaafar, and E. Nasri, "An assessment of risk identification in large construction projects in Iran,"
Journal of Construction in Developing Countries, vol. 17, 2012.

[16] S. Shekhar and U. Kumar, "Review of various software cost estimation techniques,” International Journal of
Computer Applications, vol. 141, no. 11, pp. 31-34, 2016.

[17] S. Jain, "Survey of various cost estimation techniques," International Journal of Advanced Research in Computer
Engineering and Technology (IJARCET), vol. 1, no. 7, 2012.

[18] B. Lim, M. P. Nepal, M. Skitmore, and B. Xiong, "Drivers of the accuracy of developers’ early stage cost estimates
in residential construction,” Journal of Financial Management of Property and Construction, 2016.

Cost estimation methods for internet infrastructure deployment in Rural Sarawak: ... (Abel Chai Yu Hao)



1382 0O ISSN: 2502-4752

[19] R. Pamulaparthy, R. C. Creese, H. V. Gangarao, and M. JARIDI, "Cost Estimation Comparisons Between Least
Square Regression and Quantile Regression on Fiber Reinforced Bridge Projects,” International Journal of
Electronics, Mechanical and Mechatronics Engineering (IJEMME), vol. 6, no. 4, pp. 1293-1305.

[20] P. Foussier, "Improving CER Building: Basing A CER On The Median,” Journal Of Cost Analysis And
Parametrics, vol. 3, no. 2, pp. 1-12, 2010.

[21] R. K. Paul, "Some Methods of Detection of Outliers in Linear Regression Model".

[22] S. Keller, P. Collopy, and P. Componation, "What is wrong with space system cost models? A survey and
assessment of cost estimating approaches,” Acta Astronautica, vol. 93, pp. 345-351, 2014.

[23] E. Simperl, T. Birger, S. Hangl, S. Wérgl, and I. Popov, "ONTOCOM: A reliable cost estimation method for
ontology development projects,” Journal of Web Semantics, Conference Paper, vol. 16, pp. 1-16, 2012.

[24] L. R. Dysert, "Developing a parametric model for estimating process control costs,” Cost Engineering, vol. 43,
no. 2, p. 31, 2001.

[25] W. J. Verhagen et al., "Knowledge-based cost modelling of composite wing structures,” International Journal of
Computer Integrated Manufacturing, vol. 25, no. 4-5, pp. 368-383, 2012.

[26] S. Kavitha, S. Varuna, and R. Ramya, "A comparative analysis on linear regression and support vector regression,"
in 2016 Online International Conference on Green Engineering and Technologies (IC-GET), IEEE, pp. 1-5, 2016.

[27] Martinelli et al., "Cost estimation method for gas turbine in conceptual design phase,” in Procedia CIRP, vol. 84,
pp. 650-655, 2019.

[28] L. R. Dysert, "Sharpen your cost estimating skills," Cost Engineering, vol. 45, no. 6, p. 22, 2003.

[29] H.-J. Kim, Y.-C. Seo, and C.-T. Hyun, "A hybrid conceptual cost estimating model for large building projects,"
Automation in construction, vol. 25, pp. 72-81, 2012.

[30] D. T. Masel, W. A. Young li, and R. P. Judd, "A rule-based approach to predict forging volume for cost estimation
during product design," International Journal of Advanced Manufacturing Technology, Article vol. 46, no. 1-4, pp.
31-41, 2010.

[31] D. L. Poole and A. K. Mackworth, “Artificial Intelligence: foundations of computational agents”. Cambridge
University Press, 2010.

[32] E. B. Baum, "A proposal for more powerful learning algorithms," Neural computation, vol. 1, no. 2, pp. 201-207,
1989.

[33] R. Reed, "Pruning algorithms-a survey," IEEE transactions on Neural Networks, vol. 4, no. 5, pp. 740-747, 1993.

[34] T.-Y. Kwok and D.-Y. Yeung, "Constructive algorithms for structure learning in feedforward neural networks for
regression problems," IEEE transactions on neural networks, vol. 8, no. 3, pp. 630-645, 1997.

[35] M. Brotons Martinez and M. E. Sansalvador Selles, "A fuzzy quality cost estimation method," Fuzzy Sets and
Systems, Article vol. 266, pp. 157-170, 2015.

[36] DOSM. (2019, 8 October). Sarawak. Available:
https://www.dosm.gov.my/v1l/index.php?r=column/cone&menu_id=clInWTITbWFHdmUwbmtSTE1EQStFZz09

[37] C. Horn, E. Rennie, S. Gifford, R. Riman, and G. Hoo, "Digital inclusion and mobile media in remote Sarawak,"
2018.

[38] R. G. Abdullah, "Accessibility and development in rural Sarawak. A case study of the Baleh river basin, Kapit
District, Sarawak, Malaysia," 2016.

BIOGRAPHIES OF AUTHORS

Abel Chai Yu Hao received his Bachelor of Engineering (Honours) in Electrical and
Electronics from Swinburne University of Technology Sarawak Campus in 2018. He is
currently a master student from Swinburne University of Technology Sarawak Campus in
Master of Engineering (Research). His research interests include wireless technologies,
rural connectivity and cost-performance anaylsis of various wireless technologies.

Chean Hung obtained his Bachelor of Engineering (Honours) in Robotic and
Mechatronics Engineering and Ph.D in Engineering from Swinburne University of
Technology Sarawak Campus. He is currently a senior lecturer and Discipline Leader for
R&M engineering in the Faculty of Engineering, Computing and Science at Swinburne
University of Technology Sarawak Campus. His research interests include energy
management system and control, hybrid energy storage system, control systems, MEMS,
robotics, internet of things and smart systems.

Indonesian J Elec Eng & Comp Sci, Vol. 19, No. 3, September 2020 : 1375 - 1383



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 1383

Dr. Su received his BEng degree in Electrical and Electronic Engineering from the
University of Liverpool and a PhD degree from the University of Birmingham, UK. After
his PhD, he worked as a Research Fellow in the Department of Electronic, Electrical, and
Computer Engineering, University of Birmingham. He is currently the Dean of the Faculty
of Engineering, Computing and Science. His research interests include wireless
communication and the design of rf and microwave passive devices such as compact
antenna and filters.

Dr. Then Yi Lung was born in Kuching, Sarawak, Malaysia in 1988. He is a registered
chartered engineer with PhD in electrical engineering. Research areas involve
instrumentation of electromagnetic wave propagation at microwave frequencies,
development of microwave sensors for agricultural applications, renewable energy, and
energy-harvesting.

Fei Siang Tay received his BEng (Hons) degree in Electrical and Computer Systems
Engineering from Monash University, Malaysia, in 2008, and the PhD degree from the
Swinburne University of Technology, Australia, in 2013. His research interests are in the
areas of intelligent control systems, smart farming, rural connectivity, dynamical fuzzy
modeling of complex system, nonlinear system & control, robotics and dynamical
modelling.

Professor Patrick Then the Director for the Centre for Digital Futures Swinburne
Sarawak. He has been leading multiple industry-funded projects in research and
development in collaboration with prominent ICT partners such as Sarawak Information
Systems Sdn Bhd (SAINS), IDS (Malaysia) Sdn Bhd in Sarawak, and organizations around
the world. Patrick is a strong advocate of R&D and commercialization of innovations in
Big Data, Data Mining and Internet of Things.

Natalie Lim Chen Yi received her Bachelor of Engineering (Honours) in Electrical and
Electronics from Swinburne University of Technology Sarawak Campus in 2018. She is
currently a master student from Swinburne University of Technology Sarawak Campus in
Master of Engineering (Research). Her research interests includes wireless technologies,
rural connectivity and path loss modeling for wireless communications.

Cost estimation methods for internet infrastructure deployment in Rural Sarawak: ... (Abel Chai Yu Hao)



