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Revised: 2023/01/16 Introduction: Precisely predicting the time and cost of completing
Accepted: 2024/01/05 projects is vital because the lack of a proper estimation will be
accompanied by an irrational upsurge in the exact execution costs
compared to the set budget. Using the earned value method (EVM) to
predict the time and cost of projects is prevalent. However, using this
method alone highlights good accuracy in predicting time and cost of
projects. Consequently, models based on EVM were developed.
Methods: The present article was developed using the EVM method
and hybrid algorithms to predict the time and cost of completing
projects. To attain this goal, the data from four dams, A, B, C, and D,
were used to build models, and the data of the under-construction
dam E were used to validate the models resulting from the modeling
stage. To this end, the parameters earned schedule (Month), earned
value ($), actual progress (%), and actual cost (%) are used as inputs
for predicting time and for predicting cost, as well as these
parameters, time is also defined as input of hybrid algorithms.
Findings: Comparing the consequences of the hybrid algorithms in
the training and test stage designates the high accuracy of the
LSSVM-PSO model compared to the LSSVM-GA. The low variance in
the error values of these two stages for this model suggests its high
generalization ability on unseen data. The use of these hybrid models
in forecasting the time for the E dam gave a prior warning for the
delay in the completion of the project in the first month. Likewise, in
cost predicting, the LSSVM-PSO and LSSVM-GA models issued an
early warning in the seventh and ninth months, respectively, for the
non-conformity of the project cost with the planned cost. This is
while the Kalman filter stated the primary warning to predict the
project's completion time in the seventh month, and this model gave
no warning regarding the planned cost. Comparing these results with
the periodical reports of the E dam construction project designates
the excellent performance of hybrid models, particularly the LSSVM-
PSO model.
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Applying project management knowledge and hybrid algorithm in predicting the time and cost of ...

It is hard to complete a project on time with
a planned cost. Project monitoring and
control include project progress processes
so that potential problems are recognized
over time and, if indispensable, operations
are considered to resolve them. To this end,
it is essential to frequently measure and
evaluate the project performance and
determine its variance from the planned
baseline. The primary prediction before the
start of the project is considered the basic
plan for completing the project in the
indicated time and budget. From the time the
project starts, the project performance is
assessed in line with time and cost compared
to the initial plan. The challenges in
construction projects have obliged project
managers to use techniques and models to
control and predict their cost and time.
According to this forecast, the project
manager determines that the project needs
minor alteration or significant adjustment
and problem-solving. Though, advanced
techniques are not used for this aim. This
leads to not correctly forecasting the cost
and completion time of the projects and, as a
result, inappropriate control of the project.
Consequently, numerous researchers have
used statistical analysis methods such as
multiple regression, methods based on
probabilities such as Monte Carlo
simulation, and methods based on artificial
intelligence.

To carry out this study, information on four
dam projects' timing and costs built in
different regions of Iran was collected.
Because of the confidentiality of their
information, these dams were named A, B, C,
and D. These dams have a total of 383 data
points that were considered for the training
of intelligent hybrid models and 306 data
points (80% of the total data) were
considered for the training stage and 77 data
points (20% of the total data) for the hybrids
model test. Data from another dam (dam E)
will also validate the models. Fifteen months
have passed since the construction of the E
dam began, and the progress report for the

fifteenth month has been submitted.
Consequently, there are 15 data points
available for this dam. Based on the plan and
preliminary design presented, the complete
construction of this dam will take about 31
months and cost about 590,146.82 dollars.
Accompanied by LSSVM-GA and LSSVM-COA
hybrid models, the Kalman filter will also be
used to forecast the completion time and
cost of the E project. To apply these models,
it is essential to calculate the obtained value
indices for the collected data.

Cumulative distribution functions (CDFs)
have been used in the article to designate the
input and output data (time and cost
forecast). CFD for Earned Schedule (ES) is
about 22% for ES < 6.6 and about 53% for
6.6 < ES < 37.8, 28% for EV < 209323, and
about 56% for 209323 <EV < 14020973 and
for the rest of the data this value, EV >
14020973 is about 16%. The CFD value for
Time (t) as t < 14 is about 14%, and for 14 <
t < 85, itis about 54%, and for the rest of the
data, this value for t > 85 is about 32%. The
value of CFD for Cost Ratio (CR) as CR <
0.039 is about 18%, and for 0.039 < CR <
0.666, it is about 65%, and for the rest of the
data, this value of ES > 0.666 is about 17%.
Regarding this analysis, CFDs are usually
distributed for four variables ES, EV, t, and
CR.

The CFD value for Actual Progress (AP) in
the form of AP < 0.0027 is about 33%, and
for 0.0027 < AP% < 0.037, it is about 60%,
and for the rest of the data, this value AP >
0.037 is about 7%. The value of CFD for
Actual Cost (AC) as AC < 0.0015 is about
35%, and for 0.0015 < AC < 0.058, it is about
79%, and for the rest of the data, this value
AC > 0.058 is about 4%. According to this
analysis, CFDs are not generally distributed
for these two parameters.

To do modeling, first, the type of kernel
function must be determined for the LSSVM
algorithm. Applying simple LSSVM with
diverse kernel functions based on the RMSE
criterion disclosed that LSSVM with RBF
kernel function has higher accuracy in
estimating cost ratio and EDAC than other

66 Water Resources Engineering Journal. 2024; 17 (61): 65-85



Fard Moradinia et al

kernel functions. On the other hand, it can be
understood that the error of models with
RBF and MLP kernel functions is
meaningfully less than models with
Polynomial and Linear kernel functions. This
shows that there is a complex nonlinear
relationship between inputs and outputs.
By setting the controllable parameters of
PSO and GA optimization algorithms and
applying hybrid LSSVM with these
algorithms on the training data, it was
shown that both optimization algorithms
converged to the solution in less than 50
iterations. The cross-diagram evaluation of
LSSVM-PSO and LSSVM-GA algorithms
revealed that both models have high
performance in the training and testing
stages. The results attained by applying
these algorithms to the validation data also
have good accuracy. However, the
dispersion of data points in this stage is more
than in the training and test stages.
Comparing the RMSE values for LSSVM-PSO
and LSSVM-GA algorithms in estimating the
completion time of projects by stages
designates that the error of LSSVM-PSOQ in all
three stages of training, testing, and
validation is lower than LSSVM-GA.
Furthermore, the slight difference between
the error values in this model's two training
and testing stages compared to LSSVM-GA
shows the ability to generalize this model to
other projects or unseen data. The higher
accuracy of the LSSVM-PSO model compared
to LSSVM-GA in the validation stage
approves this claim.

The predicted EDAC profile based on LSSVM-
PSO and LSSVM-GA hybrid models for the
validation data (E dam project) indicated
that the lower limit values predicted by both
algorithms are more than planned. This
shows that the project did not proceed
according to the plan in the first month.
Examining the reports of this project has
also designated the same. Both algorithms
mutually cover the project's completion time
of 52 to 62 months from its initiation.
Indeed, the output value of LSSVM-PSO and
LSSVM-GA models show the project
completion time as 57 and 59 months,
respectively.

Scrutinizing the distribution of data points in
the cross diagram of the actual and predicted
cost ratio values of LSSVM-PSO and LSSVM-

GA hybrid models for training, testing, and
validation stages revealed that both models
perform well in target parameter prediction.
However, the LSSVM-GA model performed
better in the test phase. The comparison of
the error values of these models by stages
shows that the LSSVM-PSO model has a
better performance than the other model.
The slight variance between the error values
of the training and testing stages in the
LSSVM-PSO model compared to the LSSVM-
GA model is indicative of the ability to
generalize the model to other projects, and
the excellent performance of this model in
the validation stage confirms this statement.
The projected cost profile for the E dam
construction project based on EDAC was
calculated with the help of LSSVM-PSO and
LSSVM-GA models. Regarding the lower
error of the LSSVM-PSO model compared to
the LSSVM-GA model in these two stages, the
range of changes between the lower and
upper limits is smaller. Based on these
calculations, the LSSVM-PSO model has
issued an initial warning in the seventh
month for the project cost to be far from the
planned cost. This is while the results of the
LSSVM-GA model issued this initial warning
in the ninth month. The continuance of the
forecasting process likewise reveals that the
tools used by the project manager could not
issue this initial warning to revise the
operational plan. According to the
construction reports review of this dam, the
managers have confirmed the increase in the
costs of the termination of the operation in
the 13th month since the beginning of the
project.

The probability profile of EDAC and the cost
obtained from the Kalman model for project
E disclosed that regarding this model's
output, the project's completion time up to
the fifth month from the start time was
according to the plan. Nonetheless, over
time, the predicted completion time is
significantly different from the planned time
for the project, so in the seventh month, the
model issues an initial warning for taking
more time to complete the project than the
planned time. The output of the Kalman
model for the cost of completing the project
is in line with the planned cost, but from the
tenth month onwards, the cost projected by
the model gradually deviates from the
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planned cost. This model has not issued any
warning for irretrievable deviation of the
project completion cost from the planned
cost.

The current study used LSSVM-PSO and
LSSVM-GA hybrid algorithms to predict
project completion time and cost. The data
from four built dams were used to develop
these models. These data were divided into
training data (80% of the total data) and test
data (20% of the total data). The data of
another dam, whose progress report was
submitted until the 15th month, was used to
validate the developed models. Next, the
Kalman filter was used for the validation
data to evaluate the hybrid models in time
and cost prediction.

Using hybrid algorithms revealed that they
have good accuracy in the model training
and testing phase to predict the time and
cost of completing the projects. Likewise, the
low difference between the LSSVM-PSO
model in these two stages indicated the high
generalizability of this model compared to
the LSSVM-GA model, which was confirmed
by the excellent performance of this model in
the validation stage. Regarding the results of
applying these two models on the E dam for
EDAC, it was found that the LSSVM-PSO and
LSSVM-GA models predicted the
impossibility of completing the project
within the planned period by announcing
the early warning in the first month. This
finding is in line with the periodic reports
recorded for this project. The result of
applying these two models for cost
prediction also disclosed the better
performance of the LSSVM-PSO model in the
training and test stages. The low error
variance between the training and test
stages also showed the high generalization
capability of this model compared to the
LSSVM-GA model on unseen data. Applying
these models to the E dam data strongly
confirmed this claim. The early warning for
the deviation of the project completion cost
from the planned cost for the E dam in the
LSSVM-PSO and LSSVM-GA models was
issued in the seventh and ninth months,
respectively. Based on the output of the

LSSVM-PSO and LSSVM-GA model, the
completion time of the E dam project is
predicted to be 57 and 59 months,
respectively, and the completion cost is
1014000 and 1054000 dollars, respectively.
In the meantime, the result of applying the
Kalman filter in the time prediction on the
validation data announces the initial
warning for schedule delay in the seventh
month. However, it does not announce a
warning for increasing the project cost more
than the planned program's cost. The
Kalman model predicts the completion time
and cost of the E dam project in the 15th
month as 52 months and 623 thousand
dollars, respectively.

Comparing the hybrid models with the
Kalman model discloses that the hybrid
models have more acceptable results with
the periodic reports provided for the E
project due to the training based on several
dams' data. Unquestionably, it should be
noted that regarding the delays that were
used in several projects in the training phase
of hybrid models, the resulting models are
very conservative. This is while the Kalman
model was developed only based on the
project's limited data and past trends.
Consequently, using hybrid models,
particularly LSSVM-PSO, is exceedingly
recommended to predict the time and cost of
project completion.

The cooperation of the participants in the
present study was voluntary and
accompanied by their consent.
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