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ABSTRACT

In construction industry, main contractors always engage subcontractors to do specific works.
Yet, this engagement may lead to problems such as low quality of work, or insufficient work safety.
Hence, before engaging any subcontractors, main contractors will evaluate subcontractors to select
them to work in collaboration. In this selection, some contractors use models. However, all the current
models still have several limitations. That is, most models do not consider risk arising from uncertainty.
Some can not deal with multiple decision-makers. Others are not flexible to changes of situations. To
reduce these limitations, the research aim was to develop a web application capable of (1) incorporating
risk arising from uncertainty, (2) including preferences of multiple decision-makers, and (3) offering
flexibility to changes of situations. In this development, the basic theory behind the model will
combination of a utility function and a social welfare function. The web application will divide into two
major steps (step 1: evaluating subcontractor ability and step 2: evaluating tenders) and code to a web
application by PHP. This web application is expected to help main contractors select the best
subcontractor or rank the subcontractors, resulting in a saving in time and cost of subcontractor

evaluation job.
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Abstract

In construction industry, main contractors always engage subcontractors to do specific works. Yet, this
engagement may lead to problems such as low quality of work, or insufficient work safety. Hence, before engaging
any subcontractors, main contractors will evaluate subcontractors to select them to work in collaboration. In this
selection, some contractors use models. However, all the current models still have several limitations. That is, most
models do not consider risk arising from uncertainty. Some can not deal with multiple decision-makers. Others are
not flexible to changes of situations. To reduce these limitations, the research aim was fo develop a web application
capable of (1) incorporating risk arising from uncertainty, (2) including preferences of multiple decision-makers,
and (3) offering flexibility to changes of situations. In this development, the basic theory behind the model was a
combination of a utility function and a social welfare function. The web application was divided into two major
steps (step 1: evaluating subcontractor ability and step 2: evaluating tenders) and coded to a web application by
PHP. This web application is expected to help main contractors sclect the best subcontractor or rank the
subcontractars, resulting in a saving in time and cost of subcontractor evaluation job.

1. Intreduction

In most building projects, an important activity of operating contractors® business is
evaluating ability of subcontractors in order to select them to do specific works. If contractors
select a low ability subcontractor to work in collaboration, it may result in various problems such
as low quality of work, or insufficient work safety. In this selection, some contractors may use

together with their experience as the single criterion. Other contractors
probably use models for the selection, for example [1-3]. However, these models have several
limitations. That is, most models do not consider risk arising from uncertainty. Some can not
deal with multiple decision-makers. Others do not have flexibility to changes of situations. In
realising these limitations, the aim of this research was to develop a web application capable of
(1) incorporating risk arising from uncertainty, (2) including preferences of multiple decision-
makers, and (3) offering flexibility to changes of situations via web application.

As a basic for the development of the web application, the subcontractor ability criteria
and their weights of relative importance are developed from data in the Thai construction
industry. These criteria are “administration/finance,” *“installation,” “engineering,” and
“marketing/public relations™ [4]. When combined, these criteria define subconiractor ability.
The subcontractor ability is then balanced with bid price to select the best subcontractor. In
recognition of the changes of preference in relation to a particular situation, the web application
allows the decision-makers to change the weights or even criteria as required.
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As the theoretical framework, the web application has been developed using a
combination of a utility function and a social welfare function, which can be described as state-
of-the-art [5]. Also, the web application was coded by PHP scripting language with MySQL
relational database. Thus, multiple decision-makers can simultaneously access to the data
analysis.

2. The theoretical framework

In formulising the web application, both a utility function and social welfare function are
combined. A special form of the utility function, a weighted additive model is selected because
of its simplicity, and can be written in a linear form as follows:

U‘“‘:Zw‘;uj for all subcontractors (n
=

with constraints such as government regulations on specific criteria, where w;" is a
normalised weight of a subcontractor ability criterion obtained by solving the equation:

W, = x100% (L1)
2
J=1
where w; is a weight of a subcontractor ability criterion; Uj is a utility of subcontractor
ability criterion; U°™ is an overall utility for a single decision-maker, and n is the number of
subcontractor ability criteria. To integrate all utilities of all decision-makers, a social welfare
function is used, and can be written as:

q
SW=A = ZW; Uf"‘ for all subcontractors (2)
k=1

where W is a positive weight of each decision-maker; U™ is a utility indicating
subcontractor ability of the k™ decision-maker; SW™ is a social welfare utility indicating an
overall subcontractor ability; and g is the number of decision-makers. The subcontractor ability
of each decision-maker will then be balanced with the bid price to select the best subcontractor

Swscaak =i:(ﬂ’/""°“‘U;f’m +W,PU ) for all subcontractors 3)
=

I 3
where #,® is a normalisied weight of bid price of the k™ decision-maker obtained by
solving the equation:
B Wy
W! = B T x 100 % (31)

wr W
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where w is an articulated weight for bid price given by the k™ decision-maker; wj™is
an articulated weight for subcontractor ability given by the k™ decision-maker. W,™is a
normalised weight of subcontractor ability of the k™ decision-maker obtained by solving the
equation:

Wi

WA = s, IO
= wZ +w

x 100 % (32)

where U ? is a utility of bid price given by the k™ decision-maker, SW™**’ js an overall
social welfare utility.
Each subcontractor can be ranked according to their social welfare utility, sl

3. Quantification of utility

Different decision-makers have different utility functions. These differences then show
the different degrees of their attitude towards risk. Broadly, three patterns of utility function
have been found: risk aversion, risk neutrality and risk propensity [6].

Finding a utility function is time-consuming and fatiguing, if a number of criteria are
involved. In addition, the utility function (including the choice of weights) can change over time
in relation to a particular situation, which means a lot of effort is spent on finding the utility
function but it can be used only once for a particular situation. As such, a utility function has to
be developed every time for every situation. These considerations make the utility approach
impractical for practitioners. To encourage the practitioners to use the utility idea, the theoretical
method of finding a utility function has been modified to be discrete, and can be determined as
shown in Figure 1.

Utility 4 risk aversion
' S -
risk neutr;

Variation oo

o= risk propensity
Vanation

5 e

Crita'ioll

Figure 1: Quantification of utility (adapted from [7])

From Figure 1, the utility of three broad patterns of attitude towards risk can be
determined as follows:
o Firstly, risk-neutrality type people will articulate risk-neutrality utility (denoted U™),
using the steps (I-(IN-(II").
e Secondly, risk-propensity type people will express risk-propensity utility (denoted
U™), using the steps (D-(1")-(I-(1IV").

M. Saratakit and J. Pongpeng 3
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e Thirdly, risk-aversion type people will express risk-aversion utility (denoted U™),
using the steps (I)-(IN-(D)-(AV).

Clearly, the difference of utility between risk-aversion type people and risk-neutrality
type people is the variation of utility below U™, whilst that between risk-propensity type people
and risk-neutrality type people is the variation of utility above U™. Also, the greater the
variation, the higher the degree of attitude towards risk.

Finally, to determine a utility simply, the following steps are suggested:

o Regardless of risk, think of the utility for the criterion.

» Contemplate risk in selecting whether the contractor will meet project requirements.

e Articulate utility for the criterion (U™ or UT or even U™) based on your attitude
towards risk.

4. The web application process

The web application process is divided into 2 steps (step 1: evaluating subcontractor
ability and step 2: evaluating tenders) comprising 4 processes: (1) subcontractor ability criteria
sclection process, (2) subcontractor ability criteria balancing/measuring process, (3) bid price

and subcontractor ability balancing/measuring process, (4) decision-maker balancing process as
shown in Figure 2.

4.1&1bcmﬁm:torabilitycriteﬁaselecﬁonpmom

In this process, each decision-maker is provided with four criteria (for evaluating
subcontractor ability), namely, “administrative/finance™, “installation”, “engineering”,
“marketing/public relations” [4]. With these criteria, their welghts of mlattve importance are
suggested. However, these weights can be changed as required by decision-makers.

4.2 Subcontractor ability criteria balancing/measuring process

For each decision-maker, the main steps of this process are:

e articulate weight (w;) for all criteria;

e express utility (U}) between 1 to 10 (1 indicates extremely low whilst 10 indicated
extremely high) for all the criteria for all the subcontractors;

e calculate an overall utility (U°*') indicating subcontractor ability for a single
decision-maker using Eq.1;

» calculate a social welfare utility (SW**) indicating overall subcontractor ability for
all decision-makers using Eq.2;

4.3 Bid price and subcontractor ability balancing/measuring process
In this section, decision-makers can include bid price to select the best subcontractor. The
stepwise procedure for each decision-maker is as follows:
input bid price of all subcontractors;
articulate weight (w”P) for bid price;
articulate weight (w**") for subcontractor ability;
express utility (/¥ ) between 1 to 10 (1 indicates extremely high bid price whilst 10
indicates extremely low bid price) for all the contractors;

M. Saratskit and J. Pongpeng 4
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4.4 Decision-maker balancing process
Here, weight of relative importance of each decision-maker is required:
# articulate weight (W}) for each decision-maker;

¢ calculate an overall social welfare utility (M using Eq.3;
¢ rank the subcontractors or select the best subcontractor.

5. Conclusions

In realising that all existing models for subcontractor selection have a lack of integration
in the joint area of simultaneously putting together preferences of multiple decision-makers,
considering risk stemming from uncertainty, and providing flexibility to changes of situations via

' computer interaction, this research aim was to develop a web application including all the
necessary capabilitics mentioned. In this development, the basic theory behind this application
was a combination of a utility function and a social welfare function. The theoretical technique
of finding a utility function was adjusted for uncomplicated measurement of utility in order to
suit practitioners. The process of the measurement is explained by the application to help
practitioners articulate utility regarding risk, leading to a reduction of utility-elicitation effort.

To reduce strain on decision-makers and to adapt to changes, the application provides the
menus driving the tender evaluation process, leading decision-makers to the end of the
evaluation. As the application is operating, subjective inputs (a statement of preference) are
exchanged between the application and decision-makers. For example, in the subcontractor
ability criteria selection process, four criteria with their weights are suggested to decision-
makers. Then, each decision-maker can change the weights as required. To obtain realistic
working model, this application will be tested for user friendliness (by two high-experience
practitioners), verification (by comparing the application’s results and the results solved
manually), sensitivity analysis (by varying +20% weights and +20% utilities of criteria), and
validity (by comparing the results of the application and those of the real case resulis) — an
ongoing research of the authors. This application is expected to help contractors save time and
cost of the subcontractor evaluation job.
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