N
A

A review of methods for estimating coefficients of objective
functions and constraints in mathematical programming
models

Ali Ramezani, Seyed Mohammad Ali Khatami Firouzabadi*, Maghsoud Amiri

Department of Industrial Management, Faculty of Management, University of Allameh Tabatabai, Tehran, Iran

(Communicated by Nallappan Gunasekaran)

Abstract

Considering the high importance of the optimization problem, this study evaluated mathematical programming models
by considering various methods of estimating model coefficients. Correct and accurate data must be entered into the
model to get accurate and robust result from the model. Most input data to the presented model are technical and
objective function coefficients. Therefore, it is necessary to determine the information related to these coefficients with
the utmost precision and, as much as possible, to develop a suitable scientific method to estimate the value of these
coefficients [B]. Finding the best method for estimating the coefficients of mathematical programming models can
significantly optimize the final values of the variables extracted from the mathematical programming model. For this
reason, it is essential to study the methods used so far in this field and examine their advantages and disadvantages.
This review study investigated various methods of estimating technical coefficients of mathematical planning models
in the conditions of possible decision-making and uncertainty after reviewing 117 articles published between 1955 and
2022. These methods include fuzzy methods, statistical methods, and data analysis methods. Statistical methods
such as regression methods, time series methods, exponential smoothing, and linear non-linear and non-parametric,
machine learning and data mining methods were investigated in this article. The methods of data-driven analysis
explained in this article can be referred to as decision trees, random forests and the Lasso methods. After evaluating
and comparing these methods, suggestions for choosing the best method were provided.
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1 Introduction

This study examined mathematical planning models by considering various methods of estimating the coefficients
of the operation research model due to the high importance of the optimization problem. Mathematical programming
models, regardless of whether they are linear or non-linear (depending on the power of the variables that are of the
first degree or more), have parameters and variables that shape the problem of researchers or industrial owners.
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The first and most crucial step is the correct understanding of the problem, which begins with determining the
goal or goals of optimization after the problem is raised. The variables used in reaching the goals are determined
after the goals are determined. Optimization aims to estimate these variables’ values to achieve the highest accuracy
in the objective functions and constraints. After determining the variables and objectives, it is time for the second
stage, which is to write the mathematical planning model. The target function or functions with the coefficients of
each variable are reached using the variables and their impact on the target value or targets. Then, the limits of
the definition problem are determined based on the employer’s experience and the historical data of each company or
organization and by assigning coefficients to the variables in different intervals to practically complete the conditions of
the model. The most crucial task in mathematical programming (linear or non-linear) is determining the coefficients of
the variables in the objective functions and constraints after determining the goal or goals and the influential variables
in achieving the goals (decision variables). Determining the coefficients of the variables in the objective function and
limitations was, in most cases, based on the employer’s decisions and experience, which may have many errors, and it
is not possible to consider all the essential factors or even most of them in the estimation of the coefficients.

Paying attention to the stages of the modeling process can be a way to increase the reliability of mathematical
programming models. This process includes seven steps: defining the problem, collecting data, building the model,
checking the accuracy of the model’s performance, solving the model, presenting the study results to the organization,
and finally, implementing and using the model [60]. Each of these seven steps can be used to improve the efficiency of
mathematical programming models in solving problems. However, uncertainty in models is often caused by problems
and limitations in the stages of data collection, model construction, and model solving. The possibility of solving
mathematical programming models has become easier with the increasing efficiency and quality of computers and
various software. What seems more important than the past is modeling the problem and not solving the model [40].
This paper focused on reducing the error due to uncertainty by improving the modeling process. Most decision-making
problems in the real world are solved based on calculations which depend on assumptions data, but as explained above,
it is practically impossible to assume the definiteness of parameter values and coefficients. The review of past studies
indicates that many optimization methods have been used to overcome the conditions of uncertainty, such as stochastic
programming, fuzzy programming, and interval programming methods [I, 2], 37].

Accurate and actual data should be entered into the model to get robust results from the model. technical and
objective function coefficients. Therefore, it is necessary to determine the information related to these coefficients are
inputted into these mathematical programming models with the utmost precision and, as far as possible, to develop
a suitable scientific method to determine the value of these coefficients [5]. In addition, finding the best method for
estimating the coefficients of mathematical programming models can play a significant role in optimizing the final
values of the variables extracted from the mathematical programming model as is the main problem in this research.

This study reviewed the available methods for estimating the coefficients of objective functions and constraints
in mathematical programming models and explained the data-driven optimization and statistical methods used in
mathematical programming models.

Over the past years, many solutions have been presented to reduce the error of estimating the coefficients of
variables in mathematical programming models. Using historical surveys to estimate coefficients through statistical
distributions is one of these solutions that results in random programming and calculates each coefficient based on its
hypothetical statistical distribution [I5]. Stochastic or probabilistic programming deals with situations where some
or all parameters of the optimization problem are expressed by random variables instead of definite quantities. The
assumption that the matrix of coefficients is definite in real-life problems, will results in an estimate of the parameters
on the right side of each function, and the coefficients of the objective function and constraints are mostly untrue. In
general, these coefficients are often random in nature. Another method is to use the fuzzification of coefficients. The
fuzzy set theory was first introduced by Zadeh [61] to overcome uncertainty in decision-making.

Instead of using numbers as definite coefficients, this approach defines fuzzy numbers as interval, triangular, or
trapezoidal fuzzy. These fuzzy numbers reduce the estimation error somewhat by considering a range of numbers
instead of a single number. The logic governing the type of coefficients of this method reduces its error compared to
deterministic approaches, but the complete dependence of this method on the opinion of the employer or field expert
and the determination of coefficients can still cause much error in the accurate estimation of coefficients. Factors
affecting each coefficient are ignored, especially in the presence of the time factor. The combination of stochastic and
fuzzy methods has been used in research to solve linear programming problems. Despite having more advantages than
the two methods independently, this combined method still has disadvantages. Troutt, Pang, and Hou [54] proposed
a method to estimate parameters based on minimum decision error. They focused on mathematical programming
models with objective functions that depend linearly on other parameters. The proposed estimation method finds the
parameter values in a way that the estimated values are as close as possible to the observed values. The researchers
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called this behavioral technique estimation because their approach is based on the decision-making and behavior
of company managers. As the authors acknowledge at the end of their article, this method has shortcomings in
the presence of variables that change over time. The generalized estimating equations (GEE) method is one of the
statistical methods in this article that is compatible with both types of variables (whether they change over time
or not) and accurately models the changes and the impact of these changes on the final estimates. In random and
statistical methods, there are always limitations and assumptions, such as having a specific distribution for the data
(for example, the data must have a normal distribution), which severely limits and causes errors in calculations due
to the impossibility of meeting these conditions in most cases. The GEE estimation method does not work based on
the use of weight coefficients (or a range of weight coefficients) but uses covariance matrices to estimate the optimal
coefficients, and as a result, it does not have the problems mentioned above. Another part discussed in this article is
using data mining and machine learning methods to select the influential factors and estimate the coefficients of the
objective functions and constraints in mathematical programming models.

Zhang [63], Lever et al. [30], and Rocks and Mehta [41] have shown that the use of too many variables will also lead
to errors and lack of generalization of the results and that the use of too few variables in a model creates uncertainty
in the estimates. Therefore, it was recommended not to use too few or too many variables in a model and to use the
methods of choosing the optimal number of the most critical and influential variables, such as Random Forest and
LASSO. These methods are also explained in detail in this article.

2 Types of decision-making conditions

These solutions can be categorized as follows with an overview of the types of decision-making conditions that are
proposed in the decision theory [6]:

e Decision-making in conditions of certainty;
e Decision-making in possible situations;

e Decision-making in conditions of uncertainty.

Decision-making in confident or certain conditions is the traditional method of designing mathematical models,
which this article does not need to explain again.

2.1 Decision-making in possible situations

Decision-making in probabilistic conditions uses historical surveys to estimate coefficients through statistical dis-
tributions that result in random programming and calculates each coefficient based on its hypothetical statistical
distribution [I5]. Stochastic or probabilistic programming deals with situations where some or all parameters of the
optimization problem are expressed by random variables instead of definite quantities. In real-life problems, the as-
sumption that the matrix of coefficients, the parameters on the right side of each model, and the coefficients of the
objective function are determined is mostly not realistic. In general, these coefficients are often random in nature.
Depending on the nature and type of problem, there may be several sources to explain random variables. The majority
of past of research, the main idea in solving stochastic programming problems is to transform them into equivalent
deterministic or certain problems. The resulting deterministic issues can be solved using well-known linear and non-
linear programming methods [I]. According to experts, this method has a high error due to the random behavior
of the data, and it works even more when the data follows a normal distribution, which we know is an unrealistic
assumption.

2.2 Decision-making in conditions of uncertainty

First, the fuzzy method, which has more history in mathematical modeling, is explained, and other methods are
examined next.
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2.2.1 Fuzzy method

The most prominent method in uncertain decision models is using fuzzy logic in estimating model coefficients. The
decision maker can rarely express the exact weights or values while facing uncertainty or ambiguity. Sometimes it is
impossible to determine the precise weights of the decision maker, and their estimation cannot be accurate because
uncertainty and ambiguities around the problem will always accompany the decision problem. The expertise of several
decision-makers makes the topic and model more efficient, but surely, one cannot be certain of the correctness of the
judgment without involving their personal opinions in the issue [2].

In this approach, fuzzy numbers are used as coefficients instead of absolute numbers to give us a more accurate
estimate and to be able to express the conditions more accurately [51]. Fuzzy logic is one of the most essential
methods for explaining uncertainty. This logic originates from the inability of zero and one logic to include ambiguous
language, common sense reasoning, and innovative solutions to problems used by ordinary people every day, and it
can mathematically represent many imprecise and ambiguous concepts, variables, and systems [3]. The formulation
of the fuzzy linear programming problem [65] is highly dependent on the opinion of the employer or technical experts,
which is flawed and contains error in many ways and compensates for a limited amount of the error in the estimation
[4]. A hybrid approach is also used in solving such problems in articles and research. For example, Naseri and Bavandi
[37] solved linear programming problems with a stochastic and fuzzy approach, which used a combination approach of
stochastic and fuzzy programming models. The most crucial uncertainty environments that are widely used today are
fuzzy and random environments, but when faced with real-world situations, it is well understood that the complexity
of the phenomena is such that it requires the simultaneous use of two random and fuzzy uncertainties [37].

Now that Common methods for estimating coefficients of objective functions and limitations of mathematical
programming models were explained, it is time to consider methods that account for more uncertainty in estimating
coefficients of objective functions and constraints. These methods are described below in two statistical and data
mining subsets. The data analysis methods will be discussed, further.

2.2.2 Statistical methods

Based on the research in estimating the coefficients of objective functions or constraints, the statistical methods
that have been used so far are divided into three general categories:

1. Simple regression methods without considering time changes

2. Time series methods that, although they include time changes, do not consider many other influential variables
(the usual method is Auto Regressive Integral Moving Average-ARIMA) [50].

3. Data mining methods that are limited to computer science methods.

The first regression method was introduced in 1805 by Legendre [29] and then in 1809 by Gauss [19]. Time series
methods and their use in operations research date back to the 1980s. Box’s research [9] on autoregressive methods and
ARIMA models have been used in time series since the 1970s and extensively discussed in Tan et al. [49]. Predictions
made by time series models are not accurate enough compared to their actual values, and the problem of uncertainty
in predicted values reduces the effectiveness of these models [I6]. Taylor [52] proposed the Multiplicative Damped
Model for exponential smoothing. Non-linear regression and time series methods have also received much attention.
There are two general areas in estimating the coefficients and output of the objective function in this field:

1. Non-linear statistical methods based on stochastic characteristics to optimize model estimates.
2. Computer science methods based on structured algorithms that minimize a loss function (typically squared
erTor).

Over the years, research in the field of time series continues, and more advanced methods have been presented that
are more complex to evaluate. These methods include:

e Exponential smoothing in time series
e Bayesian ARIMA in time series
These more advanced methods were not very promising. Simpler time series smoothing methods performed better

than newer, more complex methods.

Nonlinear statistical methods are also applied to time series and regression model errors. Most of the nonlinear
statistical models used in this field include an explicit statistical structure in the model, while some others are defined
algorithmically. Methods based on fuzzy logic are also in this category. The limitation of these methods is that:
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1. These methods are primarily used in cross-sectional data (not over time) and cross-sectional classification prob-
lems such as consumer credit risk.

2. These methods have limited application in time series with contradictory results.

The third type of statistical method used in estimating coefficients of objective functions and constraints is data
mining, a combination of different methods that have been successful to some extent over time. Operations research
successfully uses data mining methods in the following areas:

e Selection of variables and data

e Preprocessing variables through programming and simulation

Research has proven that fundamental problems in data preprocessing and model evaluation [I4] have been ne-
glected among researchers in the operation research community.

Data mining has been developed independently of operations research or statistical forecasting [50]. Two data
mining methods used in operations research are:

1. Non-linear data mining methods
2. Semi-parametric methods of data mining

Non-linear methods in data mining have caused parameter estimation problems [46]. Linear regression methods in
data mining methods are unsuitable for modeling coefficients without normal distribution. When the variables that
affect the model’s coefficients (the response variable of a regression model) do not have a linear relationship with the
dependent variable, linear regression models are not considered appropriate methods. The method of Super Vector
Machines (SVM), which are based on statistical theories, can partially solve this problem and solve nonlinear classi-
fication problems by using quadratic optimization [I7, [55] [56]. Non-parametric methods of support vector regression
are also presented as another solution in data mining methods, which certainly do not have the accuracy of parametric
methods. Classification and Regression Decision Trees algorithms which use recursive division rules are part of the
designed data mining and data-driven methods. These algorithms use a lot of computing power, group methods that
combine individual classification and regression methods through Boosting, Bagging, or Random Forest, and because
of the significant gains in prediction accuracy, they are of interest to a large part of the community. These methods
develop multiple combinations of variables and predictions based on random or weighted subsamples of the data and
then combine the results using averaging (regression) or voting (classification). Although this reflects findings related
to combining methods in forecasting, there is no interaction between the two fields. All the mentioned methods have
shortcomings and presuppositions, such as the assumption of normal distribution in regression or different hypotheses
related to time series in predicting coefficients of the target model, and restrictions should be considered. When we
work with actual data, assumptions such as normal distribution or more complex assumptions assumed in time series
methods are not realistic. Smith, Agrawal, and Meintyre [45] pointed out the importance of regression models and
stated the many problems these models have in estimating coefficients if defaults are not established.

Howitt [24] stated that the equations used in objective models and their coefficient estimates (or even constraint
functions) should have a structure that follows the reality and behavior observed in actual factory conditions. As a
result, using models whose presuppositions do not necessarily match reality lead to unrealistic and erroneous estimates
and, finally, the construction of functions that are far from reality. Some researchers use non-parametric methods to
estimate the coefficients of the objective function so that the assumptions related to the data distribution do not
become problematic. Although non-parametric methods solve the problem of rejecting data distribution defaults,
they have less power than parametric methods. In addition, the non-parametric methods that consider the time factor
accurately in estimating the parameters are more limited. As a result, semi-parametric methods have been introduced
and preferred in this article.

2.2.3 Data analysis methods

Recent advances in optimization methods based on data analysis or data-driven techniques have made it possible
to estimate the coefficients of the objective functions and constraints with the highest accuracy and the lowest error
without applying probability distributions and considering the time factor.

Data-driven estimation methods use observations of random variables as the primary input to mathematical models
[7]. Many real-world optimization problems can only be solved using data-driven estimation methods because there
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is no objective analytical function to evaluate all available responses to a mathematical model [57]. For this reason,
many researchers seek to solve this problem using data-oriented optimization methods [I0].

Traditional decision-making models under uncertainty assumption consider access to complete information, which
assumes that the exact values for system parameters and probability distributions for random variables are known.
Such accurate knowledge is rarely possible in practice, and a strategy based on wrong inputs may be unworkable
or perform poorly when implemented. Data-driven optimization methods consider the limited information in life
problems well by providing such a mathematical framework and provide stable optimization based on data analysis by
taking advantage of the details related to uncertainty in modeling. Optimization and operations research researchers
tried to solve the existing limitations in the data collection stage or problems caused by violating model assumptions
by expanding the use of data-oriented optimization methods and evolving data-driven models.

Most evolutionary optimization algorithms assume that evaluating objective and constraint functions is simple. In
contrast, such objective functions may not exist in solving many real-world optimization problems. Instead, costly
numerical and computational simulations or expensive experiments should be performed to evaluate the optimality.
Many articles and books are available about the evolutionary methods of data-driven optimization, each of which
presents a different method of optimization based on data analysis and solving the problem of the limitations of
this method. For example, Sun et al. [48] propose combining deep learning methods and random forest methods to
optimize and predict the performance of data-driven methods [26].

Sun et al. [48] were not the only ones who used data-driven methods of random forests to optimize estimates in
mathematical models. Many others also used this method due to the advantages of random forest data-driven methods
in optimization. Wang and Jin, a member of the Institute of Electrical and Electronics Engineers, are members of a
group of researchers who have studied constrained multi-objective hybrid optimization problems to solve data-driven
challenges using data-driven optimization methods. Solved problems can calculate model coefficients and limits of
the objective function only based on a large amount of data. Random forests and neural networks were proposed
as substitutes for estimating target function coefficients and constraints to solve this class of problems. Random
forest models are the most effective and efficient methods available for the best estimation of coefficients of objective
functions and constraints in mathematical models among optimization methods based on data analysis [57]. Biggs,
Harris, and Perakis from the University of Virginia, McGill, and MIT published the results of their three-year research
in data-driven methods. They proposed random forest methods with more random trees and proved their superiority by
analytical methods. They also conducted case studies on real estate investment problems and showed that these models
perform well against evaluation criteria and are very suitable for algorithm performance sensitivity for different random
forest parameters [8]. Other researchers, including Wang, Liu, and Chan [59], emphasized random forest methods in
solving problems and estimating model coefficients using optimization methods based on data-driven optimization.
They showed that the power and accuracy of coeflicient prediction increases by using random forest methods in
optimization methods based on data analysis. Analytical methods show proof of this claim, and two series of data
were used to indicate the practical efficiency of these models and their results were significantly improved. Many
practical articles have used random forest methods based on data analysis in the optimization field, showing their
high efficiency. Smarra et al. [44] referred to the performance of these methods and their prediction and estimation
power in energy optimization and climate control. They state that the model predictive control is a model-based
technique that has been widely and successfully used over the years to improve the performance of control systems.
A key factor prohibiting using the Model Predictive Control-MPC model for complex systems, such as identifying a
predictive model, is related to problems such as cost and time. A new idea was presented for the predictive control
of coefficients based on Model Predictive Control-MPC algorithms, such as using regression and random forests using
historical data.

Zheng, Fu, and Xuan [64] also emphasized the superiority of data-driven optimization methods and especially the
use of random forest methods in this optimization. They state that only the data-driven method provides the ability
to solve and estimate the coefficients for practical problems where there is no exact function and method to evaluate
the proposed solutions. Random forests can be used as a substitute for traditional methods to estimate coefficients of
objective functions and constraint functions of limited hybrid mathematical models to solve these problems.

Li, Liang, and Ma [31] pointed out the advantages of using this method in solving mathematical planning and
optimization models in the stock market system using the LASSO machine learning method. Mazumder, Radchenko,
and Dedieu [36] extensively investigated the use of the LASSO method in selecting final variables in mathematical
planning and optimization models in operations research. Corsaro, De Simone, Marino [I3], and Ozmen [38] have also
conducted extensive research on using LASSO in mathematical programming models.

In recent years, the GEE method has been used to solve many equations and models that occur over time.
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Campanella, Serino, Crisci and Dambra [12], Lee, Choi [28], and Louis and Baesens [35] have used the GEE method
to estimate organizational profit or system optimization. This method facilitates the evaluation of coefficients of
mathematical programming models and allows for the consideration of time [58]. Table [1| shows the strengths and
weaknesses of different methods used in the past and the combines data-driven and statistical methods.

A combination of data-driven optimization methods (random forests), LASSO method, and finally, GEE advanced
statistical method is reviewed in more detail in the rest of the article.

Table 1: Comparison of different coefficient estimation methods
The desired method for estimating coefficients Considered and evaluable items
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1 Fuzzy method - - - - - + - -
2 Random programming - - - - - + - -
3 ARIMA and Bayesian time series + - - - + 4 N N
4 Nonparametric methods in time series + 4+ - - + - _ _
) Data mining method -+ 4+ + + + 4 -
6 Linear regression method - - - - - + - +
7 Exponential smoothing method - - - - + + - +
8 A data-driven optimization method of random forests + + + + + + + +

combined with LASSO and GEE

3 An overview of the three best data-driven, data mining, and statistical methods in
estimating the coefficients of mathematical programming models

3.1 Random forest method

The random forest method helps to optimize the estimations, and it can choose the most important factors among
many determining factors in the order of importance of these factors in the analysis of model coefficients. Therefore,
the random forest method makes it possible to select the most critical factors in the order of priority and importance
in estimating the coefficients of the objective function and constraints in the presence of many factors that affect the
coefficients of the objective function and constraints.

Random forests or random decision forests provide the best combination of factors in predicting and estimating
model coefficients by building many decision trees when determining and extracting the model [22]. The first random
decision forest algorithm was created in 1995 by Ho using the stochastic subspace method. Hu’s formula, as a method
for implementing the ”random discrimination” approach, uses the method provided by Kleinberg [27] to classify factors
and variables and optimize estimates. This algorithm was later called "random forests” by Breiman [II] and Liaw
[34]. As explained, random forests can be used to naturally rank variables’ importance in a regression or classification
problem. The following method is described in Breiman’s original article [11].

The first step to measure the importance of a variable or factor in a data set is to run a random forest. The
out-of-bag (sample) error is recorded for each dataset during the run and averaged over the forest (if the sample is not
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used during model training, independent test set errors can be substituted). The meaning of model training is that
the model is based on a part of the data, which is called training data and learns the performance of the model data.
Then the trained model is extracted from the data and tested on data outside the bag or sample (or a part of the data
that is part of the sample that did not train the model). This process continues in random forests until a model with
the highest optimization is extracted to minimize the error of the tested model. The least error estimates are found by
this method. The values of that factor are interpolated among the training data to measure the importance of a factor
after training the model. The out-of-sample error is recalculated on this permuted data set. The mean difference
in out-of-sample error calculates the significance score for this feature before and after permutation over all trees.
Then, the score computed for that factor is normalized by considering the standard deviation of these differences.
Features that generate large values for this score are more important than features that generate smaller values. An
exception that may make it difficult to rank the importance of variables occurs for data with categorical variables with
different levels or categories. In such a case, random forests may be biased in favor of the factors that have a higher
number of categories and select those class variables with more classes as the most critical variable or factor [39] [47].
The simultaneous use of the selection operator method and the smallest absolute contraction or LASSO to select the
influencing variables from a group of variables is recommended to solve this problem and ensure that the influential
factors on the coefficients of the objective function and constraints are correctly selected. Although the random forest
method also estimates the coefficients, these coefficients are biased.

3.2 LASSO method

LASSO is an analysis and prediction method used to increase the accuracy of prediction and interpretation of
statistical and mathematical models, select variables, and adjust the model. This method was first introduced in
geophysics by Santasa, Williams [42] and later by Tibshirani [53], who used the term LASSO.

Lasso was initially formulated for linear regression models to provide estimators for estimating coefficients and
selecting variables that contain the least error. Lasso is created by combining its relationship with ridge regression,
the method of Best Subset Selection, and connections between Lasso coefficient estimation and threshold smoothing.
Lasso’s ability to select a subset of factors depends on the shape of the constraints and has various interpretations,
including in geometry, Bayesian statistics, and convex analysis.

Before Lasso, the most widely used method for selecting variables was the stepwise selection method. This approach
improves prediction accuracy only in exceptional cases, for example, when only a few predictor variables have a strong
relationship with the response variable. In other cases, the method of selecting variables (factors affecting model
coefficients) step by step can increase the prediction error.

An alternative to this variable selection method, a model containing all p predictors, can be fitted using the
restricted or regularized coefficient estimation technique.

LASSO reduces the estimate of non-significant coefficients to zero. Such a restriction improves the fit of a model,
but shrinking the coefficient estimates can significantly reduce their variance. LASSO is one of the most well-known
techniques for shrinking regression coefficients to zero.

According to Zou et al. [66], LASSO achieves both goals by forcing the sum of the absolute values of the regression
coefficients to be smaller than a fixed numerical value. LASSO forces some small model coefficients to shrink to zero
for their effective elimination. LASSO is similar to ridge regression, but the shrinkage size is larger, and unlike ridge
regression, which did not make insignificant factors zero, LASSO makes them zero. Jiang [25] found that the LASSO
method can be implemented before the optimization and estimation of coefficients to select essential factors that can
be entered into a statistical model as determining factors. As with the random forest method, the estimates estimated
by the LASSO method also include bias. Therefore, when unbiased estimates are essential, statistical methods should
be used for estimation.

When the ordinary regression method estimates the coefficients in the presence of the time factor, time changes
are not accounted for. When time series is used, the model does not include many influential factors. In the proposed
method, semi-parametric methods are used to estimate the coefficients, which have a higher power than non-parametric
methods and do not force the probability distribution assumptions that parametric regression or time series methods
have [23]. Higher power refers to the overall higher ability of studies based on historical (longitudinal) data that
provide more observations and data than non-longitudinal data [62]. As Liang, Zeiger, and Qaqish [33] have shown,
more stable and reliable models can be built through longitudinal model because some incorrect assumptions when
defining of the model algorithm can be avoided in longitudinal studies. This advantage is because data analysis and
longitudinal models are not sensitive to ignoring factors that change over time. For this reason, the semi-parametric
GEE method, which can consider historical (longitudinal) data in estimating the coefficients of mathematical models,
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has higher reliability in estimating model parameters than non-parametric methods [2I]. The superiority of parametric
and semi-parametric methods has been discussed in Sheskin [43], Hardle and Mammen [21], and Zeiger and Liang [62].

The proposed statistical modeling and parametric estimation method is the GEE method, which does not have the
shortcomings of linear regression models, time series, or non-parametric methods and predicts the coefficients with
high confidence. Thus, various factors with the source of changes and uncertainty in the estimation of coefficients are
entered into the model in each period and over time, and coefficients with the highest confidence are estimated. The
estimates with the highest accuracy which considered the maximum uncertainties and dependencies between data and
variables increase the quality of the objective function and constraints and give us a more accurate estimate for the
coefficients. The details of the GEE method are explained below.

3.3 Generalized estimated equation (GEE)

GEE belongs to a class of advanced and generalized regression techniques called a semi-parametric estimation
and optimization method. This estimation method relies only on specifying the mean and variance of the data and
does not require more specifications for modeling [32]. Suppose there are data in the form of repeated measures of
the response variable and the correlated variables in a group of subjects over time. A suitable model is created for
individual observations and correlated variables to estimate the mean of the response variable (here are the coefficients
of the objective functions or constraints). The meaning of repeated measures is using the same subject several times
in the experiment, which was measured in different conditions at different places or times. This mode has created a
series of data called Panel Data. GEE is one of the techniques for examining such data using ”generalized estimating
equations” [20]. GEE is commonly used in extensive studies, especially multivariable studies, because it can control
many types of indirect dependence between factors and outcomes. This method allows for combining the advantages
of each of the statistical techniques that have been used so far in operations research.

Zeger, Liang, and Diggle [I8] explained that correlated data are modeled using a link function and linear predictor
adjustment (systematic component) in the GEE method. The random component is described by the same variance
function described in the case of data independence, but the covariance of correlated responses in the presence of cor-
related data should also be specified and modeled in GEE models. The GEE method provides more accurate estimates
than regression without the limitations of distributional assumptions and the need for traditional (transformation)
of parameters. In addition, the GEE method considers time changes and different relationships between data from
other locations and factories, or growth or decline or changes in relationships between data over time. This model can
capture unpredictable changes in the supply chain, production, distribution, or any other chain over time by adding
different random variables. As explained earlier, GEE is a longitudinal modeling method over time. GEE methods
can estimate the parameters of both linear and non-linear models over time. As mentioned, the parameter estimates
in GEE still provide estimates close to reality even when the correlation structure between the data is not known or
is incorrectly specified.

4 Conclusion

This study reviewed data-driven optimization, data mining, machine learning and statistical methods to estimate
coefficients of objective functions and restrictions in the presence or absence of the time factor in mathematical
programming models. Semi-parametric statistical methods are suggested for extracting unbiased estimates because
it greatly benefits from the accuracy of estimating the predicted values of parametric statistical methods. Further,
semi-parametric statistical methods do not have the inaccuracy of the estimated values of non-parametric methods
and solve the major problem of most time series and regression methods by not depending on statistical distribution
assumptions (which is the main problem of parametric methods). On the other hand, this approach allows us to
estimate nonlinear relationships without the need for smoothing methods, which are known to negatively affect the
estimation accuracy. Using the GEE method to consider the linear or non-linear relationships between the variables
allows for viewing the time factor and the change of each of the variables and location (or factory) conditions over
time and the effect of the coefficients of the objective function. Statistical methods alone do not allow us to consider
many variables and factors in the model.

Considering a large number of influential factors theoretically or according to the opinion of experts or the owners
of candidate industries, the random forest data-driven optimization method and the LASSO data mining method can
evaluate hundreds of influential factors, but they give biased estimates. This is why their results are next entered into
a GEE model for unbiased estimates.

Therefore, operational research science needs a model that does not force the use of a small number of factors in
the estimation of coefficients and also gives unbiased estimates of coefficients.
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