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Abstract

Lasso regression model is a causal model based on providing a more accurate estimator through the model’s dependence
on shrinkage, in which the data values were reduced towards the data center. This model solves the problems of
multicollinearity presence of high relationships between the explanatory variables of the model. In this research, a
number of factors (sample size, number of explanatory variables and pollution rate) were adopted in order to observe
the ability of these factors to effect Lasso regression.
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1 Introduction

In the case of a descriptive dependent variable, the Lasso regression is needed to represent the effect of a number of
independent variables on the response variable. Many researches have been carried out The research submitted by
(robert)in the year (1996) in which it is located the research a new method was hypothesized based on reducing the
effect of non-influential variables by adopting their own zero parameters. The research included a number of simulation
experiments, the results of which proved the ability of the proposed method to represent the desired effect [9].

The research submitted by (Rahim Alhamzawi,) and others in the year (2012) in which it is located In this research,
the Bayesian Lasso regression was studied and for the case of the descriptive response variable, the method of greatest
possibility was adopted by taking the gamma distribution as a primary distribution [1].

The research submitted by (Chao Sun) and others in the year (2022) in which it is located The research aims to
show the effect of a group of factors related to the density of minerals and its effect on the maintenance of water.
Bone health The research included data for a period of time (2015-2018). In this research, a regression model was
presented for comparison according to the data collected. The data included a number of explanatory variables equal
to (18) and finding Lasso estimators to determine their effect on the response variable The models showed the ability
of the proposed models to provide estimations for the assumed models [8].

In this research, the Lasso regression method has been applied to the explanatory variables (17) and their effect
on the response variable, which is the number of children who are born dead or are born alive and then died.
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2 Problem of Research

The research problem is that some factors, such as the presence of strong relationships between the explanatory
variables of the model, the insufficient sample size and the presence of pollution within the sample.

3 Aim of Research

The research aims to know the extent of the ability of the Lasso regression to deal with the variables (sample size,
number of explanatory variables and pollution rate).

4 LASSO Regressions

Regression analysis is based on showing and explaining the effect of one or more explanatory variables on changing
the response variable and includes the following linear formula assumption [2]

E(Y/X) = Xβ (4.1)

with
Y represent the response variable with ( n ∗ 1)
X represent the explanatory variables with (n ∗ p)
β represent the unknown parameters with (p ∗ 1)
p represent no of explanatory variables.

The linear assumption of the effect can lead to misleading results if there is a non-linear effect. Therefore, a non-
parametric regression is taken, which takes into account the non-linear effect, but it has problems, including when the
number of explanatory variables increases. Therefore, the single-indicator model is relied upon to solve this problem,
and this model is one of the semi-parametric models by relying on the following formula [3]

E(Y/X = x) = g
(
XTβ

)
. (4.2)

The previous model has more flexibility than the parametric models because it allows for non-linear relationships
between the change index

(
XTβ

)
and the response variable while preserving the new properties in addition to the

ability to reduce the dimensions and reduce the risk of determining the link function.

Least Absolute Shrinkage and Selection Operator (Lasso) method was first presented in the geophysical literature
in the year (1982), then it was independently rediscovered in the year (1996) by the researcher Robert Tibshirani, who
formulated this method and provided many ideas about its performance. which is a penalty function for the linear
regression model, which is a method for estimating the parameters of the regression model as well as for selecting and
organizing the variables included in the model to increase the explanatory accuracy of the regression models used in
analyzing the phenomenon under study through model fit operations. To choose a subset of the covariates in the final
model instead of using them all, in the Lasso method, the sum of squares of random errors is minimized with the sum
of the absolute values of the regression model coefficients.

In (2008) Chen Lei Leng proposed an estimation method based on minimizing the following function

n∑
i=1

yi −∑
j

xijβj

2

+ γ

p∑
j=1

|βj | (4.3)

which provides a solution to quadratic programming problems and that (γ) represents a tuning parameter in which
the strength of the penalty is controlled, which is basically the size of the shrinkage. For the previous formula when
(γ = 0) the estimators are equal to the estimators of least squares. When the value of (γ) is increased, more parameters
are excluded by making them equal to zero and when (γ = ∞) all the parameters are excluded increase in the value of
(γ) corresponds to an increase in the bias values of the parameter estimators decrease in the value of (γ) corresponds
to an increase in the variance of the estimators
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Multicollinearity problem

Originally designed for Least squares models, LASSO reveals a large amount of estimator behavior via the Lasso
parameter or the so-called Soft threse holding, including the relationship of the Lasso estimator with the Ridge
Regression estimator and the Best subset selection estimator Which is analogous to the stepwise selection method,
and also reveals (as in linear regression) that estimates of the Lasso coefficient should not be unique if the explanatory
variables suffer from a poly linear problem.

he Lasso method has the ability to choose a subset that depends on the constraint formula, and although Lasso
has been defined for least squares, the Lasso method can easily be used in a wide range of statistical models, including
generalized linear models, generalized estimation coefficients, relative risk models and M estimators. Lasso can be
used in many fields such as geometry, Bayesian statistics, and convex analysis.

Before the Lasso regression method, the most used method for choosing the explanatory variables that are included
within the model was the Stepwise Selection method, which improves the accuracy of the model in certain cases,
especially when some explanatory variables have a strong relationship with the response variable, which makes the
prediction inaccurate, as well as The most popular Ridge Regression method that is used to improve the prediction
accuracy of the regression model.

It improves prediction error by reducing large regression coefficients in order to reduce redundancy, but it does
not perform co-selection and thus does not help make the model more interpretable. While Lasso can achieve both
goals by making the set of the absolute values of the regression coefficients have less than a fixed value, forcing some
coefficients to be equal to zero, while choosing a simpler model that does not include those coefficients.

5 Principle of LASSO Regression

The principle of the Lasso regression method is to reduce the sum of squares of the residuals according to a
constraint that represents the absolute sum of the coefficients that are less than a certain constant. In order to do this,
Lasso applies the process of shrinkage (regulation), as it makes a penalty for the regression coefficients and reduces
some of them to zero, and during the process of selecting the variables, the variables whose coefficients are non-zero
will be determined after the shrinkage process and they will be part of the model and the goal of this process is to
reduce the prediction error.

In the Lasso method, there is an adjustment parameter (settlement) that controls the power of penalization
(penalty) of the regression coefficients and occupies great importance in that. That is, the larger the value of the
setting parameter, the greater the number of coefficients equal to zero. And if the adjustment parameter is equal to
zero, we get an OLS Regression.

6 Advantages of LASSO Regression

There are many advantages to using the Lasso method, including the following [5]:

a. Lasso can provide very good predictive accuracy because reducing and removing variables can reduce variance
without significantly increasing bias, and this is especially useful when we have a small number of observations
and a large number of variables.

b. Lasso helps to increase the possibility of interpreting the model by eliminating irrelevant variables that are not
related to the response variable.

Thus, the Lasso method is a method for selecting and organizing the variables included in the regression model.

7 Formula of LASSO Regression

The parameters of Lasso regression were estimated according to the principle of least squares from the basic formula
as follows [4]:

Let us have a sample of (N) states, each state consisting of (P)of explanatory variables and one intentional variable
(yi), and let (x) represent the vector of explanatory variables for the

(
jth
)
state, then the goal of Lasso gradient is to
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solve the following equation:

min

{
1

N

N∑
i=1

(
yi− β0 − xi

Tβ
)2}

(7.1)

subject to
p∑

j=1

|βj| ≤ t

(t) : is a preset free parameter that specifies the amount of flattening (shrink).
(X) : matrix of explanatory variables.

Xij = (xi)j

and
(
xi

T
T

)
is the

(
jth
)
row of the matrix (X).

The lasso formula can be written as:

min
β0,β

{
1

N
∥y −Xβ∥22

}
(7.2)

subject to ∥β∥ ≤ t and

||β||p =

(
N∑
i=1

|βi|p
) 1

p

(7.3)

and when (P = 1), then (∥β∥1) becomes the standard length (ℓp) and (IN) the units vector (Nx1). ( x) stands for the
standard mean of the data points (xi) and (y) the mean of the dependent variable (the response variable (yi) ) and
the estimate

β̂0 = y − xTi β (7.4)

since:

yi− β0 − xTi β = yi−
(
y − xTi β

)
− xTi β (7.5)

yi− β0 − xTi β = (yi− y)− (xi − x)
T
β (7.6)

Thus, it is natural to work with the variables that have been centralized (making their mean equal to zero) in addition
to the explanatory variables being Typically standardizes(

1

N

N∑
i=1

xi
2 = 1

)

and (
1

N

N∑
i=1

xi = 0

)
The above formula can be rewritten as follows: -

min
β0,β

{
1

N
∥y −Xβ∥22

}
(7.7)

subject to ∥β∥1 ≤ t. It has the form of a Lagrange multiplier as follows:

min
β∈RP

{
1

N
∥y −Xβ∥22 + λ∥β∥1

}
(7.8)

(λ) is the parameter that controls the penalty force (contraction) on the gradient parameters.
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8 Properties of Lasso Estimator

There are some characteristics of a lasso estimator that we can list as follows [7]:

(1-8)-Orthonormal Covariates

Suppose the covariates are naturally orthogonal, such that

(xi | xj) = δij (8.1)

such that the inner product ((.—.)), the Kroncher delta ( δij ) and δij =

{
0 if i ̸= j
1 if i = j

By using the iterative sub gradient method, which is one of the multiple analysis methods to solve the least convex
problems, we get

β̂j = SNλ

(
β̂oLS
j

)
= β̂oLS

j Max

1− Nλ∣∣∣β̂OLS
j

∣∣∣
 (8.2)

and

β̂OLS
j =

(
XTX

)−1
XTY (8.3)

(SNλ) represent Smooth Threshold.

Since it converts the values to zero (making it completely zero if it is small enough) instead of setting smaller
values to zero and leaving the largest values untouched as a solid threshold factor symbolized by (HNλ), and this can
be compared with the regression of the letter, so the goal is to reduce the following amount

min
β∈RP

{
1

N
∥y −Xβ∥22 + λ∥β∥22

}
(8.4)

and

β̂j = (1 +Nλ)−1β̂oLS
j . (8.5)

Since the letter regression reduces all coefficients by the variable factor of
(
(1 +Nλ)−1

)
. It does not set any of the

coefficients with a zero

min
β∈RP

{
1

N
∥y −Xβ∥

∣∣∣∣2
2

+ λ∥β∥0

}
(8.6)

and (∥0 |) (∥) represent the height
(
ℓ0
)
who is known as (||z|| = m) If (m) are exactly components of (z), then they

are nonzero, and you can write as follows:

β̂j = H√
Nλ

(
β̂OLS
j

)
=
(∣∣∣β̂OLS

j

∣∣∣ > √
Nλ
)

(8.7)

such that
(
H√

Nλ

)
represent steel threshold limit and (I) represent indicator function. We note from this that Lasso

estimates combine the advantages of character regression and partial best-choice regression. It converts all coefficients
to zero with a fixed value and sets it to zero if it reaches it.

(2-8)-Correlated Covariates

Returning to the general form of the lasso in which the different covariates may not be explanatory, in the case
where two explanatory variables (i; j) are identical for each case so that [6]:

xi = xj .

The values of parameters
(
B̂i

)
and (Bj) that reduce the lasso objective function are not uniquely defined, but

rather there is
(
B̂i; B̂j ≥ 0

)
, then if (s ∈ [0, 1]). Then replace (Bi) with

(
s
(
B̂i + B̂j

))
and replacing

(
B̂j

)
with(

s
(
B̂i + B̂j − 1

)
keeping the rest of

(
B̂i

)
and we get a new solution and the lasso function continues to reduce

coefficients.
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9 Data of Research

research data included the information available in the records of women’s visits to the health centers of the
Department of Health, where data were collected on (100) women and the research variables were as follows:

(y) represents the dependent variable, which is the number of children born (live + born and then died)
(x1) age of the woman, (x2) Age at marriage, (x3) women’s academic achievement (1-8), (x4) husband’s academic
achievement (1− 8), (x5) Women’s weight, (x6) Women’s use of contraceptives (1 - use - 2 - do not use), (x7) Women
smoking (1- smoke 2- do not smoke), (x8) husband’s age, (x9) Husband’s profession (1- 4), (x10) Marriage period, (x11)
Number of dead children, (x12) Number of hours of exercise per week, (x13) Thyroid disease (1infected 2- unaffected),
(x14) number of hours a woman sleeps per day, (x15) Women taking medicines (1 - took - 2 - did not take), (x16) The
duration of breastfeeding, (x17) Mother’s profession (1- housewife 2- employee).

10 Experimental Results

After applying Lasso regression to the data of research, the following results appeared

Table (1) It represents the estimations of the Lasso regression for the explanatory variables

From table (2) and figure (2) We note that the advanced variables had variable numbers of zeros, which represent
the relative importance of them within the Lasso regression. The lambda-1SE was (φ), the lambda-min deviance
(ω), the summation of fit information SE(ϵ), the summation of fit-information Deviance (θ),the summation of fit-
information lambda (∅) and the summation of fit-information intercept (α) It can be obtained from the following table
From the estimated values we can show that the fit information SE was very small and the lasso regression gives good
estimates

11 Conclusions and suggestions

After applying the Lasso regression for research data, many conclusions and recommendations such that
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Figure 1: represents the ratio of the number of zeros within the interpreted variables

Table (2) It represents the advanced estimations of the Lasso regression for the explanatory variables

1- The ability of the Lasso regression to provide good estimations for the research data.

2- The ability of the Lasso regression to sort the influential explanatory variables and isolate them from the rest.

3- The ability of a lasso regression to separate the influencing variables from the inactive ones.
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4- Logistic regression can be used to compare with the results.

5- Poisson regression can be used to estimate model parameters and compare with results.
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Figure 2: represents the ratio of the number of zeros within the advanced variables

Table (3) represents the (φ.ω.ϵ.θ.∅.ϕ.α) values

Figure 3: represents the Lambda values



1746 Saleh

References

[1] R. Alhamzawi, K. Yu and D.F. Benoit, Bayesian adaptive LASSO quantile regression, Statist. Model. 12 (2012),
no. 3, 279–297.

[2] N. Gauraha, Introduction to the LASSO, Resonance 23 (2018), no. 4, 439–464.

[3] C. Hans, Bayesian LASSO regression, Biometrika 96 (2009), no. 4, 835–845.
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