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Abstract

This paper introduces a novel family of probability distributions, termed the Cos-G family, which is
derived from a trigonometric transformation approach. We present the general structural properties of
this family and focus on one of its unique members. This newly proposed distribution, formulated from
the inverse Weibull distribution, exhibits flexible hazard rate shapes, including reverse-], increasing, and
inverted bathtub forms. We investigate its fundamental statistical properties and employ the maximum
likelihood estimation method to estimate its parameters. The performance of the estimation technique is
assessed through a Monte Carlo simulation, revealing that biases and mean square errors decrease as
sample size increases, ensuring reliable parameter estimation even for small samples. To illustrate its
practical applicability, we fit the suggested model to three real-world datasets and compare its performance
against existing models using various goodness-of-fit measures and model selection criteria. The results
confirm the superiority of the proposed model in capturing complex data structures.

Keywords: Cos-G distribution, Inverse Weibull, Moment, Estimation, Goodness of fit.

1. INTRODUCTION

Real-world events are frequently studied using statistical distributions. Both novel developments
for their application and the theory of statistical distributions are thoroughly researched. To
explain a variety of real-world phenomena, several families of distributions have been developed.
In fact, this fresh advancement in distribution theory is an ongoing practice. The majority of
probability distributions suggested in the literature have a lot of parameters, which gives the
model more adaptability. Some authors claim that it is challenging to acquire these estimates using
numerical resources [1]]. For modeling actual data, it is better to develop models with a limited
number of parameters and a high level of flexibility. A team of scientists made the decision to use
trigonometric functions to seek novel distributions in order to achieve this objective. Trigonometric
models have gained popularity among scholars in recent years due to their adaptability and
ability to be understood mathematically. Souza et al. [2] suggested a new class of trigonometric
cosine distribution with a bathtub-shaped or increasing failure rate function called the Cos-G
Class of distribution with base parameters («w > 0) among the various trigonometric G-family.
The cumulative distribution function (CDF) for the Cos-G class of distribution are

T K(x;w)

F(x;w) = — / sin(t)dt =1 — cos [gK(x;w)} ;x €
0

Souza et al. [3] utilized a similar methodology to propose the Sin-G family of distributions
and include the Sin-Inverse Weibull distribution in the Sin-G class. Similarly, Souza et al. [4]
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introduced a new Tan-G class with an increasing failure rate function or bathtub-shaped failure
rate function, and focused on examining the Tan-BXII distribution as a member. A CDF exists for
both the Sin-G and Tan-G classes of distributions.

ZK(x;w)

Fx;w) = / cos(t)dt =sin [gK(x;w)} ;x e R

TK(xw)
2 s
F(x;w) = / sec”(t)dt = tan [ZK(x;w)} ;x e R
0
where K(x;w) is the CDF of any parent distribution and w is the vector of parameters of the

parent distribution. The new sin-G family was created by [5], who also studied the sin-inverse
Weibull model in specific. The CDF of the novel sin-G family of distribution are

FK(xw)(K(x;w)+1)
F(x;w) = / cos(t)dt =sin [gK(x;w)(K(x;w) + 1)} ;x € R
0
Also, Chesneau and Jamal [6] have defined the sine Kumaraswamy-G family of distributions as
having two extra parameters to this family. Muhammad et al. [Z] have defined the exponentiated
sine-G family and analyzed the particular distribution as an exponentiated sine-Weibull distribu-
tion. Another trigonometric function-related probability model introduced by [8] is called arctan
generalized exponential distribution. Using the sine-G family of distribution [9] have developed a
new two-parameter model called sine Burr XII distribution. A new family of distributions related
to the Sine function was developed by [10] and used with medical data. As a result, we have
observed that the simple functions have a trigonometric distribution and are tractable formally
see [3]. Additionally, without the use of any extra parameters, the sine transformation can signifi-
cantly increase G(x) flexibility [6]. We are drawn to the cosine metamorphosis family because
of these appealing qualities. In this research, we created a new family of trigonometric models
using the cosine function, which we named the new class of cos-G family (NCC-G) of distributions.

This study is divided into several sections. In Section [2, we introduce the methodology of
model development and key functions of the family of distributions. Section [3| presents some
general properties of the NCC-G family, while Section [ discusses methods of estimation. In
Section |5, we introduce a specific member of the NCC-G family and present a detailed study, and
in the application Section|f} we provide the application of this model using three real datasets.
Finally, Section [7] contains the conclusion.

2. Tae NCC-G ramiry of DistriBuTIiON (NCC-G FD)

In this study, a new family of distributions called NCC-G is suggested using the T-X approach
as defined by [11]]. Consider a baseline CDF, represented by G(x; ), and a vector of associated
parameters, denoted by ¢ > 0. The ratio of G(x;¢) and 1 + G(x;¢) can be treated as a function of
the new family of distributions. For further information, refer to [12]. Mathematically it can be

expressed as 15&9@) — 0as G(x;&) — 0; 158‘(’?@ — % as G(x;¢) — 1 The CDF F(x;¢) of the

NCC-G family of distributions is defined as

- G(x;¢)
1+G(x;¢) G(x é’)
Differentiating the Equation (L), the PDF f(x; &) of the family can be written as
: G(x;¢) ] 8(x;¢)
x;¢) = mrsin | 7T ;x € R 2
f58) [ 1+G(x8) ] (1+G(x;8))? @
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2.1. Survival Function

The survival function of NCC-G FD is presented as

G(x;¢)

HGM];XE?R.

R(x;&) =1—F(x;¢) = cos [n

2.2. Hazard Function
The Hazard function of NCC-G FD can be expressed as

oo fwd G 1 8wl [ (S8 N
A8 = Rgg) 7 [”1+G<x;¢>} (1+G(x;§))2[ (”1+G<x;c>>} e

2.3.  The Quantile Function

The quantile function is useful in statistical analysis and modeling, as it provides a way to
estimate percentiles and other summary statistics of a probability distribution. Suppose Q(p) is
the smallest value of X for which the probability that X < to that value is at least p. The quantile
function Q(p; &) of CDF F(x;¢) of NCC-G FD can be obtained as

-1 .
Qp:g) =G nc_"josﬂ(l@p) ; pe(01). 3)

Using equation (3) we can calculate the median, upper and lower quartile, quartile deviation
(QD), coefficient of QD, skewness, and kurtosis, which are presented in Table

Table 1: Various measures based on quantiles of NCC-G FD

Statistics Expressions
Median G1 _%_
Lower Quartile G1 _T(P(Z)S;S)_
Upper Quartile G-1 %'

1[~-1( cos™ 025) cos 1(0.75) \]

QD 2 G (n cos™ ) (m)

G- 1< cos™ 1025 > _G- 1( co 075) >

Coefficient of QD rcos (02 — co: om

G 1< cos™ 025 > +G- 1( cos (075) >

T— cos*l 0.25) n—cos—1(0.75)

Q(32)- 2Q(zrf§ +0(3:4)

( Q(3:)-0Q(4:2)

Kurtosis ([14]) Q(5)-0(5)- Q(%) Q%)

Q(3£)—Q(5%)

Skewness ([13]])

3. SoMme ProrerTIES OF NCC-G FD

3.1. Useful Expansion of NCC-G FD

Exponentiated distributions can be used to generate useful linear expansions. The CDF of
the exponentiated-G (Exp-G) distribution for more information see [3] [15] [16]], exponentiated
distributions have well-known properties for a wide range of baseline CDF G(x; ¢) with parameter
z > 0 is given by

Gz(x;9) = [G(x; 9)]";x € R, where x € R. (4)
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The PDF corresponding to (4) can be presented as

g=(%9) = 2g(x;9) [G(x; )] =V, x € R.

We can express the density function of the NCC-G FD in linear form using the series expansions
shown below.

oo 2n+1 3 5 7 9
: y v_ovr_ v .y .
sine =) (V' g =Yy te gt iR

o —1 —1)(p-2

(1+y)p:nzo<z)yn:1+f!y+p(;92! )24 PP 3)!(;9 gy <1
The PDF of NCC-G FD is
2 2 (—1)! 1)i 2i-1 2i+1
£08) =g 8) L "y (14 G )™ (Glx ) ©)

Further expanding Equation (5) using generalized binomial series expansion. The expression for
f(x; &) becomes

A x g))21+]+1 (6)

Mg

fnd) = g(xE) Y

i=0j=0

2142 _1yi (21— 1
whereAij:W( j )

3.2. Moments

The ' order moment (;4;) about the origin for the NCC-G FD is

Hy = E(X") = / ¥ f(x)dx (7)
= i i Ajj / ¥ (G(x, C))ZiJerrl g(x, ¢)dx. (8)
iz0j=0

Further moments can also be calculated using the quantile function for more detail see [17] as Let

G(x;8)=p=g(x;O)dx=dp,0<p< 1.

!

1
1= E(X") = / P2 (p)dp,0 < p < 1.

uMg
uMg

where G(x;¢{) = p and Qg(p) is the function of quantile.

3.3. Moment Generating Function (MGF)
The MGF (M (t)) for the NCC-G FD is
t)—ii /_iiitkA k ))21+]+1d
- k"ur - 4 y k' l] X g .X' ': X
k=0 i=0j=0k=0 o
Let G(x;¢) =p = g(x;8)dx =dp;0 < p < 1.

i i i k'Al] / p21+]+1Ql dp,O < p < 1

i=0j=0 k=0

where G(x;{) = p and Qg(p) is the quantile function of the baseline distribution.
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3.4. Incomplete Moments

The Incomplete moments of the NCC-G FD can be defined as M;(y) = f " f(x)dx. Therefore

incomplete moments for NCC-G FD are given by

22 / Aiix"g(x;¢) ( (xrg))ziﬂﬂ dx. 9)

i=0j=0_¢

Alternately, M, (y) may be defined in terms of quantile function as

o oo G(y)
=) )4 / p* QL (p)dp;0 < p < 1.
i=0j=0 )

3.5. Mean Residual Life

Y
The mean residual life of the NCC-G FD can be defined as M(y) = %y) ly — [ xf (x)dx} —.

Therefore, the mean residual life for NCC-G FD is given by

Yy
M(y) = ) p— ZOZAZJ / xg(%;8) {G(x; &)y dx] —y.
=0y —0

Alternatively, M(y) may be calculated in term of quantile function as

G(y)

_ 1 :

M) =57 |*~ ZZAU/ P Qe (p)dp| — .
0

i=0j=0

3.6. Inequality Measure

Lorenz and Bonferroni curves are utilized in various fields such as insurance, econometrics, and
demography, among others, to analyze measures of inequality such as income and poverty.
i) Lorenz Curve

é%w

Lorenz curve is defined as Lp(,) = xf(x)dx, where y is the mean of x, hence Lorenz curve

1
H
for NCC-G FD is given by

y
1 [ee] o0 . ) )
Legy = — 2 ) Ajj / xg(x:€) (G(x, &))" da. (10)
Fizoj=o 7,
Alternatively, in terms of quantile function as
e G(y)
Y YAy [ P Qe(p)dp
#z =0;j=0 oo

ii) the Bonferroni Curve

L
The Bonferroni curve is given by B Fy) = (y) From Equation (1 , the Bonferroni curve for the
NCC-G FD is obtained as

1 o o0
Bry) = UE(y) > 2D

i=0j=0

x8(x;€) (G(x, &))" dx,

N
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3.7. Entropy

Entropy is a concept used to describe the degree of variation or uncertainty associated with a
random variable. Its applicability is widespread and can be observed in various disciplines such
as probability theory, medicine, insurance, engineering, life sciences, etc. in general.

i) Renyi’s Entropy

Entropy, which serves as a measure of the amount of variation or uncertainty associated with a ran-
dom variable, finds its applications across several disciplines, including engineering, econometrics,
and financial mathematics. Renyi [18] proposed the concept of entropy as a metric for quantifying

variability and uncertainty, and it can be computed as follows: R,(X) = 1 = log f {f(x)}Fdx;

p > 0and p # 1. Applying Taylor™s series expansion [f(x,&)]” can be obtained in the form

0
0 = (g [sin (P )] 1+ 6o
o

By considering the function of Taylor series [sm ( Gl )} at the point s = 1/4, we can write

1+G(x;8)
ok 1 k—r
[sin (7ts)]F = ; Z ( ) ke (4> s’
where gy = % [{sin (7s)}* ]( |_,- We have selected 5 = 1 because {sin (7ts)}’ is infinitely

_1-
=1
differentiable at this point and sin (§) = % = cos (%), which allows to have a more tractable

expression for a; at a given p

ok k—r
e = (g0 & Yo (§) 057 (3) (Gl s cimen @ an
k=0r=0

Further expanding Equation using generalized binomial series expansion. The expression for
[f(x;&)]° becomes

sewor = 23 & ot () (3) (T Gmar s a

Substituting [f(x,&)]” into the expression for R, (X), the Renyi™s entropy for NCC-G family of
distribution is given by

co k oo oy
Rp(X) log [Z Z Z Yrikr / (x; éf))H—m dx|,
k=0r=0m=0 oo
Mk—r k k—r /(2p+r)+m—1
where Y, = (—1) k 7t° ay (r> (411) < - ) .

ii) q-Entropy
The g-entropy is given by

H(p) = 1plog [1—/{f(x)}pdx] ;p>0and p # 1.

Substituting [f(x, &)]° from Equation (12) into the expression for H(p), the q-Entropy for NCC-G
FD is given by

H(p) =

k=0r=0m=0

—00

co k oo e
5 log [1—22 lemkr/ (x:8))" (G (xré))r+mdx];9>0andp#l-

110



P. Kumar, L. P. Sapkota and V. Kumar RT&A, No 1 (82)
A NEW CLASS OF COS-G FAMILY OF DISTRIBUTIONS Volume 20, March 2025

iii) Shannon’s Entropy

The Shannon’s entropy for a random variable X with pdf f(x) is a special case of the Renyi’s
entropy when p 1 1. Shannon entropies are defined as 7x = E(—log f(x)). For the NCC-G family
of distribution is given by

Ix = [— log {i 5 Mg (x,) (Glx, c))”*f'“)H .

i=0j=0

4. ESTIMATION METHOD

4.1. Maximum Likelihood Estimation (MLE)

The parameters of the NCC-G FD are estimated in this section using the method of maximum
likelihood. Given random sample xj, ..., x;; of size n with parameters vector ¢ from the NCC-G
FD, let u = &7 be (p x 1) parameter vectors, then the log density and total log-likelihood function
respectively, are given by

I(x;¢) = log  +log [sin {N%H —2log (14 G(x;¢)) +1ogg(x;¢)

and

I(x,§) =nlogm+ ilog {sin {N%H -2 ilog(l +G(x;;8)) + ilogg(xi;é). (13)

i=1 i=1 i=1

T
Differentiating Equation gives the score function’s components of V(1) = (a—é) as follows,

!

a_ ¢ G(x;; ) G(x;8) W G(xiQ) 1 g (x;:€)
R el Trca)y BT o) T A stwo)

' dg(x) 428 (x;; ' dG(x;; Ny — 4Gy
where g, (x;¢) = G, o (x;;¢) = TEREE), G (x;:¢) = PG and Gy (x;:¢) = ToFEE).

5. Sreciar MEMBER OF NCC-G FD

Generalization of several distributions can be made using the NCC-G FD. The special distribution,
a new class of cosine inverse Weibull distribution, is introduced in this section.

5.1. New class Cos inverse Weibull (NCC-IW) istribution
The CDF and PDF of the Inverse Weibull (IW) distribution are respectively given by
G(x) =1—exp(—axP; x>0,a,>0
and
g(x) = apx P lexp(—ax=F
Hence using the CDF and PDF of IW, the CDF and PDF of the NCC-IW distribution are given by
exp(—ax~P)

1+ exp(—ax—F)

F(x;a, ) =1—cos [71 ];x>0 (14)

)= e BV [ SO | o)
f(x;a,B) = mapx sin [nl—i-exp(—ocxﬁ) (1+exp(—ax*/5))2,x>0 (15)
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The reliability and hazard functions, respectively, are given by

exp(—axF)
1+ exp(—ax—F)

R(x;&, B) = cos [7‘[ ] ;x> 0.

and

e B) — raBy— 0D exp(—axF) in exp(—ax~F) - exp(—axF)
H(x;a,B) = maf (1+exp(—ax—ﬁ))zs {nl—i—exp(—axﬁ)} {cos( 1+exp(—¢xx/5))]

-1

The quantile function for the NCC-IW distribution is presented below

Qx(p) = [~10g (2 2] Cpeo

2.0 H 4
— «=0.15,=0.25 — a=0.10,p=0.20
a=2.75,3=0.50 a=2.50, 0.15
— a=3.00,p=1.25 — a=3.00, 125
15 a=2.20,B=2.75 3 - a=2.20,p=2.75
B — a=175,B=3.50 — a=1.75,p=3.50
53 ©
X — —
g 10 « 2
0.5 14
0.0 + 0 —
T T T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5 6 7
X X

Figure 1: Shapes of PDF and HRF of NCC-IW distribution

5.2. Linear Expansion

Using Equation (6), Equation can be expressed in linear form as

f(x;¢) = i i Qi]»x_w“) exp {—(21’ +j+ Z)ax_ﬂ}, (16)
i=0j=0

5.3. Moments
Using the PDF defined in Equation , the 7" order non-central moment (j,) for the NCC-IW

distribution can be presented as

o o B—r
‘u;:ZZQl*] r(ﬁ)

S0 @i+ 2T

VB>, 17)

where (0 = % (21 ; 1) and I'(.) is the gamma function.
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5.4. Skewness and Kurtosis

Using the Equation we can obtain the first four (r = 1,2, 3,4) non-central moments as:

Mean =y} = ZZQ [w{(2i +j) +2}] ﬁT (ﬁ_l>, VB>1,
i=0;=0 :B

o r (2
i=0j=0[a{(2i +]) +2}] F
| o r(&32
=Y YO (‘3> 5 YB>3,
i=0j=0  [a{(2i+]) +2}]
and -
00 00 T (2=
zgzym () i VB4

0j=0  [a{(2i+j)+2}] F

Similarly, we can calculate the central moments using the above non-central moments as

=y,

M2 =ty —
Ha = i3 = 3papiy + 207,
and !’ ! ! ! ! !/
Mo = My — Aifiy + 6pigp® = 201!
Therefore skewness and kurtosis for the NCC-IW distribution are $1; = and B2 = ” 4 7 respec-
tively.

5.,5. MGF
The MGF (Mx(t)) for the NCC-IW distribution is
kyx B—r
toy T ()

Br’
2000 @i ) r2))T

VB>r. (18)

5.6. Incomplete moments

The incomplete moments for NCC-IW distribution are given by
[cole o) y
My (y) =) ) / X0+ exp {—(21’ +ji+ Z)ax*ﬁ} dx
i=0j=0

'y(ﬁﬁ (2i+j+2)ay )
(Qi+i+2)a) 7

=l =
[1e

[ee]
3
i=0

Qi]'
j=0

where y(.) incomplete gamma function.
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5.7. Mean Residual Life
The mean residual life for the NCC-IW distribution is given by

o (o) y
M(y) = F(ly) V‘ZZQij/xﬁexp{—(2i+j+2)ax/5}] —y
0

”’y(ﬁﬁ ,(2i+j+2)ay~ ﬁ)} .

Bt
=0j=0 {Qi+j+2)a} P

5.8. Entropy
i) Renyi™s Entropy The Renyi™s entropy for NCC-IW distribution is given by

o k oo e
Rp(X) = 1 Iog 5 L 3 o (@B [ 000 exp<—<r+m+p>axﬁ>dx]

_k 0 m=0 0
[ (p=1)(B+1)
N R )
TR PP I ERE
Y | k=07=0m=0 {(r+m+p)a} P T
_ m4k—r k\ /q\k- (2p+7)+m—1
where ¢, = (—1) nPay (r> (Z) ( . .

ii) q-Entropy
The g-Entropy for NCC-IW distribution is given by

H(p) = 1 1P log |1 — g (aB) P/x p(B+1) exp(—(r+m +p)0¢x/5)dx]

L 0

[ wpp T ({200 1)

log 1 — Yrrm (X'B P — ;
1-p B =D+ 44
L {r+m+p)a} P
mk—r k k—r /(20+r)+m—1
where p >0, p # 1 and ¢y = (=1) T ey <7’) (%> ( m > )

iii) Shannon’s Entropy
The Shannon entropy for the NCC-IW distribution is given by

nx =E [—log {i iﬂijx*(ﬁﬂ) exp {—(2i+j+2)axﬁ}H .

i=0j=0

5.9. Inequality Measure

i) Lorentz Curve: The Lorenz curve for NCC-IW distribution is given by

Y
Lpw) = D;BZZQU/x‘ﬁexp(—a(2i+]'+2)x—ﬁ)dx
i=0j=0 oo

o oo 7 (%, (2i+j+ Z)ayfﬁ)

A1
Hiim0 T @i 2a)
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ii) Boneferroni Curve
The Bonferroni curve for the NCC-IW distribution is given by

Y
1 oo o0
Bp(y):T)ZZTi]«/x Pexp(—a(2i+j+1)x P)dx
RELY i=0;=0 s

5.10. Parameter estimation of NCC-IW distribution

Our current focus is on determining the parameters of the NCC-IW model through the MLE
method. The objective is to compute the MLEs for the parameters « and B. To achieve this, we
will examine the log-likelihood of a vector X = (x1,...,x,)T of size n composed of independent
random variables from the NCC-IW distribution.
exp(—ocxi_*g )
(—e;?)

1+ exp

I(x;a, B) = nlog(map) — (B+1) ilogxi + ilogsin
i=1 i=1

—Zilog (1+exp(—(xxl-_ﬁ)> —wixi_ﬁ (19)
i=1

i=1

Partially differentiating the Equation (19) with respect to p and « yields the components of the

score function V(u) = (%, %) as follows

n n P v B P
al = Z ogxl—i—mxz 0(xi) exp( 5 )cot s eXp(—ax, }5 ]—F
p i=1 (1+exp( ’3)) 1+ exp(— )
" Plo P n
Z (i) exp( P ) +a) x;ﬁ log(x;).
i=1 (1 +exp(— )) i=1
and
n oy P P —ax P n 4B ﬁ
;il _n Y ; exp(—ax; ) cot | exp(—ax _)ﬁ +2 x; exp(—a Zx_ﬁ
R = (1+exp( ﬁ)) 1+ exp(—ax; ") ( +exp(—a )
The MLEs of B and « are obtained by maxnmzlng l(x a,B) in B and &, which can be done by
solving simultaneously the equation: 2 @ =0and 2 5 =0.

5.11. Simulation Study

We used the maxLik R package developed by [19] to create samples from the quantile function
defined in Equation for various parameter combinations of the NCC-IW distribution. The
MLEs were calculated for each sample using the maxLik () function with the BFGS algorithm.
This allowed us to test parameter estimation problems, such as the sharpness or flatness of
the likelihood function and provided estimates for the size and direction (underestimate or
overestimate) of the MLEs bias. We repeated the procedure 1000 times, with 25 samples of
sizes ranging from 10 to 250. We then calculated the bias and mean square error (MSE) for
each simulation. In addition, we provided lower confidence limit (LCL) and upper confidence
limit (UCL) estimated values with a 5% level of significance. The results of the experiment are
summarized in Tables [2|and [3) which show the bias and MSEs for each parameter, along with
the LB and UB for the MLEs. As the table shows, the MLE method consistently estimates the
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parameters of the proposed model. Moreover, as the sample size increases, the MLEs gradually
approach the actual values of « and . In Figures [2|and |3} we have displayed a clear picture of
MSEs with 95% confidence bound (dark region) for « and S.

0.75
0.50+ 27
[
5 0.25- ‘3
5 o 1.
5 B
Wl 0.00- u
%)
g = \\
0
-0.25
0507 . . . . . 14, . . . . .
0 50 100 150 200 250 0 50 100 150 200 250
Sample size Sample size
Figure 2: MSE plots of « and B with 95% CI for initial values « = 0.5 and B = 1.25.
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Figure 3: MSE plots of « and B with 95% CI for initial values « = 0.75 and = 1.5.

6. APPLICATION

Employing three real data sets, we demonstrate the applicability of the NCC-IW distribution in
this section. The data sets employed for the application of the suggested distribution are given
below:

6.1. Model Analysis

To analyze the data sets under study, we calculate several widely used goodness-of-fit statis-
tics. The fitted models are then compared using various measures, including the log-likelihood
value (-2logL), Akaike information criterion (AIC), Hannan-Quinn information criterion (HQIC),
Anderson-Darling (AD), Kolmogorov-Smirnov (KS) with p-values, and Cramer-von Mises (CVM).
For additional information see [1]]. All the essential computations are carried out in R-software.
For the comparison of fitting capability we have selected some models such as inverse Weibull
(IW), arctan generalized exponential (ArcTGE) [8]], arctan Lomax (ArcTLx) [20], arcsine exponen-
tial (ASE) [21], Tan Burr XII (TBXII) [4], New Cosine Weibull (NCW) [22], Exponentiated Cos
Weibull (EcosW) [7], arcsine exponentiated Weibull (ASEW) [23], Cos Weibull (CosW) [2] and
Sine inverse Weibull (Sin-IW) [3].

Data set I:

The dataset from [24] contains information on the relief times of 20 patients who were adminis-
tered an analgesic. An analgesic is a type of medication that is commonly used to reduce pain,
and the relief time refers to the duration for which the patients experience relief from their pain
after taking the medication. The data are "1.1,14,1.3,1.7,19,1.8,1.6,22,1.7,2.7,41,1.8,15,1.2,
14,3,1.7,2.3,1.6, and 2.0".
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Table 2: Bias, MSEs, and LCL and UCL for MLEs with initial values x = 0.5 and = 1.25.

n bias, biaslg mse, mseg LCL, UCL, LCLﬁ UCLl;
10 0.0904 0.1500 0.0444 0.4191 0.3381 1.0299 0.7585 2.5927
20 0.0445 0.0633 0.0143 0.0823 0.3761 0.7924 0.8920 1.9588
30 0.0248 0.0283 0.0079 0.0400 0.3893 0.7076 09577 1.7161
40 0.0194 0.0249 0.0056 0.0295 0.3918 0.6853 09747 1.6231
50 0.0152 0.0182 0.0040 0.0219 0.4117 0.6556 1.0243 1.5883
60 0.0136 0.0174 0.0034 0.0191 0.4155 0.6376 1.0242 1.5585
70 0.0126 0.0100 0.0027 0.0146 0.4284 0.6194 1.0481 1.512

80 0.0083 0.0138 0.0023 0.0140 0.4260 0.6108 1.0596 1.5091
920 0.0069 0.0141 0.0020 0.0119 0.4239 0.6032 1.0692 1.4905
100 0.0070 0.0074 0.0021 0.0105 0.4316 0.6074 1.0601 1.467

110 0.0072 0.0060 0.0017  0.0095 0.4308 0.5913 1.0866 1.4777
120 0.0037 0.0130 0.0014 0.0090 0.4359 0.5831 1.0944 1.4520
130  0.0060 0.0139 0.0014 0.0083 0.4393 0.5823 1.0997 1.4567
140 0.0062 0.0107 0.0013 0.0074 0.4405 0.5821 1.1054 1.4331
150 0.0058 0.006 0.0013 0.0068 0.4424 05814 1.1116 1.4269
160 0.0054 0.0102 0.0012 0.0062 0.4428 05776 1.1226 1.4222
170  0.0060 0.007 0.0011 0.0061 0.4505 0.5729 1.1146 1.4056
180 0.0032 0.0044 0.0010 0.0054 0.4455 05704 1.1236 1.4032
190 0.0041 0.0059 0.0010 0.0056 0.4487 05716 1.1212 1.4118
200 0.0031 0.0026 9.00E-04 0.0049 0.4472 0.5687 1.1261 1.3952
210 0.0044 0.0058 9.00E-04 0.0048 0.4493 0.5619 1.1206 1.3927
220 0.0033 0.0076 8.00E-04 0.0047 0.4526 0.5645 1.1295 1.4010
230 0.0046 -6.00E-04 8.00E-04 0.0047 0.4529 05606 1.1258 1.3934
240 0.0036 0.0042 7.00E-04 0.0041 0.4531 0.5606 1.1335 1.3816
250 0.0028 0.0014 7.00E-04 0.0040 0.4505 0.5561 1.1315 1.3801

Table 3: Bias, MSEs and LCL and UCL for MLEs with initial values x = 0.75 and = 1.5.

n bias,  biasg  msey mseg  LCLy UCLy LCLg UCLg
10 0.1424 0.2518 0.0942 0.7713 0.5183 15550 09717 3.5167
20 0.0692 0.0882 0.0309 0.1166 0.5616 1.1901 1.0949 23295
30 0.0363 0.0789 0.0164 0.0774 0581 1.0422 1.1612 21797
40  0.0294 0.0383 0.0121 0.0458 0.6083 1.0183 1.1821 2.0153
50  0.0227 0.0311 0.0088 0.0337 0.6022 0.9684 1.2209 1.9084
60  0.0193 0.0287 0.0071 0.0276 0.6224 0.9468 1.2437 1.8913
70 0.0162 0.025 0.0063 0.0240 0.6247 0.9314 12604 1.8680
80  0.0139 0.0238 0.0055 0.0206 0.6397 09192 12795 1.8384
90 0.0130 0.0131 0.0048 0.0175 0.6507 09126 1.2956 1.8022
100 0.0107 0.0176 0.0043 0.0175 0.6418 0.8926 1.2919 1.8124
110 0.0085 0.0112 0.0038 0.0137 0.6507 0.8873 13022 1.7490
120 0.0085 0.0098 0.0033 0.0126 0.652 0.8749 13022 1.7395
130 0.0071 0.0152 0.0031 0.0116 0.6577 0.8734 13151 1.7406
140 0.0091 0.0123 0.0033 0.0115 0.6556 0.8793 1.3232 1.7467
150  0.0065 0.0139 0.0025 0.0101 0.6637 0.8666 1.3344 1.7227
160 0.0075 0.0051 0.0024 0.0090 0.6693 0.8575 1.3315 1.7045
170 0.0074 0.0110 0.0025 0.0083 0.6709 0.8606 1.3356 1.7040
180 0.0080 0.0105 0.0022 0.0090 0.6712 0.8471 1.3412 1.7089
190 0.0053 0.0116 0.0021 0.0078 0.6685 0.8571 1.3481 1.6881
200 0.0052 0.0046 0.0021 0.0068 0.6694 0.8492 1.3471 1.6665
210 0.0040 0.0056 0.0019 0.0070 0.6731 0.8479 1.3615 1.6799
220 0.0055 0.0051 0.0019 0.0075 0.6758 0.8441 1.3438 1.6867
230 0.0055 0.0049 0.0017 0.0062 0.6799 0.8439 1.3583 1.6725
240 0.0049 0.0086 0.0018 0.0057 0.6770 0.8414 1.3603 1.6553
250 0.0055 0.0092 0.0016 0.0060 0.6822 0.8406 1.3621 1.6657
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Table 4: MLEs with SE (in parentheses) (dataset 1)

Model Parameter(SE)

NCC-TW(x, B) 3.2906(0.5941) 3.9558(1.0140) -

TW(A, 6) 4.0175(0.7060) 6.0224(2.0083) -
ArcTGE(x, A,0)  0.0000(1.5645)  19.3864(6.0429)  1.8579(0.2245)
ArcTLx(x, B,60)  147.2664(44.0127)  0.2871(0.2782)  12.3869(9.6739)
ASE(6) 127.8946(4.8432) - -
ASEW(A, 6, v) 1.0488(0.1284)  104.561(19.0921)  3.1656(0.1303)
NCW(A, 6) 0.2505(0.0810) 2.2930(0.3402) -
TBXII(A, v, 6) 1.3946(0.1597)  10.3624(5.0171)  0.3937(0.2735)
ECosW(B,A,0)  0.2386(0.0486) 0.2789(0.0712)  2.7222(0.1824)
CosW(B, ) 2.2183(0.3323) 0.5655(0.0471) -
SinIW(J, 6) 5.3385(1.4594) 2.8386(0.4882) -

In Tables [} [6] and [} we have presented the estimated values of the parameters and their

corresponding standard error (SE in parentheses) of the models under study using the MLE

method. Similarly, in Tables B} [7} and [9 we have presented the model selection and goodness of fit

statistics such as log-likelihood, AIC, HQIC, KS, AD, and CVM for all three data sets. It has been
observed that the suggested model NCC-IW has the least statistics as compared to IW, ArcTGE,
ArcTLx, ASE, ASEW, NCW, TBXII, ECosW, CosW, and Sin-IW. Hence NCC-G is more flexible
(even four trigonometric distributions having three parameters) and provides a good fit. Also, we

have displayed the graphical illustrations of the fitted models in Figures[5}[7, and [9} These figures
also verified that the NCC-G model can perform well as compared to candidate models.

Table 5: Some selection criteria and goodness-of-fit statistics (dataset-I)

Model  -2loglL AIC HQIC KS p(KS) CVM p(CVM) AD p(AD)
NCC-IW 31.1170 35.1170 355057 0.1148 0.9548 0.0306 0.9770 0.1772 0.9956
W 30.8174 34.8174 352062 0.1020 0.9854 0.0266 0.9880 0.1545 0.9984
ArcGE 334131 39.4131 39.9962 0.1516 0.7473 0.0767 0.7169 0.4214 0.8256
ArcLmx  35.6262 41.6262 422094 0.1240 0.9182 0.0662 0.7806 0.5268 0.7175
ASE 1547472 156.7472 156.9416 0.8863 0.0000 5.1247 0.0000 31.4397 0.0000
ASEW  31.1885 37.1885 37.7716 0.1170 0.9470 0.0363 0.9551 0.2096 0.9877
NCW 486870 52.6870 53.0757 0.1467 0.7829 0.1078 0.5521 0.7800 0.4940
Tan-BXII 31.0804 37.0804 37.6636 0.0919 0.9959 0.0231 0.9944 0.1377 0.9994
CosW  40.6035 46.6035 47.1867 0.1922 0.4508 0.1840 0.3022 1.0593 0.3267
NCosW 37.4854 414854 41.8742 0.1770 0.5576 0.1279 04681 0.7563 0.5118
Sin-IW 311572 35.1572 355460 0.1069 0.9763 0.0292 0.9813 0.1808 0.9949
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Figure 4: KS and Q-Q plots (dataset-I).
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Figure 5: Estimated PDF (left) and empirical vs estimated CDF (right) (dataset-I).
Data set-II

The following data set was obtained by [25] consisting of 128 observations on the time intervals,
measured in seconds, between the arrivals of vehicles at a specific location on a road. 0.2, 0.5, 0.8,
08,08,1.0,1.1,1.2,1.2,1.2,1.2,12,1.3,14,15,1.5,1.6,16,1.6,1.7,1.8,1.8,1.8,1.8,1.8,1.9, 1.9,
19,19,19,19,19,20,2.1,2.1,2.2,23,2.3,2.4,24,25,25,25,26,2.6,2.7,2.8,2.8,29, 3.0, 3.0,
3.1,32,34,3.7,39,39,39,46,4.7,5.0,5.1,5.6,5.7, 6.0, 6.0, 6.1, 6.6, 6.9, 6.9,7.3,7.6,7.9, 8.0, 8.3,
8.8,8.8,9.3,94,9.5,10.1,11.0,11.3, 11.9, 11.9, 12.3, 12.9, 12.9, 13.0, 13.8, 14.5, 14.9, 15.3, 15.4, 15.9,
16.2,17.6,20.1, 20.3, 20.6, 21.4, 22.8, 23.7, 24.7, 29.7, 30.6, 31.0, 33.7, 34.1, 34.7, 36.8, 40.1, 40.2, 41.3,
42.0,44.8,49.8,51.7,55.7, 56.5, 58.1, 70.5, 72.6, 87.1, 88.6, 91.7, 119.8, 125.3"

Table 6: MLEs with SE (in parentheses) (dataset-II)

model Parameter(SE)

NCC-IW(a, B) 0.6748(0.0476)  2.0442(0.1524) -
IW(A,0) 0.8183(0.0540) 2.6651(0.2527) -
ArcTGE(a,A,0) 1.00E-04(0.3004)  0.6685(0.0737) 0.0475(0.0063)
ArcTLx(w,B,60)  1.00E-04(1.7292)  0.0833(0.0310) 1.6100(0.3969)
ASE(6) 11.6716(1.5853) - -
ASEW( A,0,0) 0.2832(0.0181)  36.6683(2.9617)  2.8476(0.1367)
NCW( A,0) 0.3294(0.0389) 0.5770(0.0359) -
TBXII( A, v,60) 1.5673(0.3041) 2.7668(0.7182) 0.2870(0.0962)
ECosW( B,A,0) 0.1949(0.0172) 0.4319(0.0000)  0.7179(1.00E-04)
CosW( B,6) 0.5566(0.0350) 0.1655(0.0220) -
SinIW( 5,0) 3.0753(0.2472) 0.5944(0.0385) -

Table 7: Some selection criteria and goodness-of-fit statistics (dataset-II)

model -2logl AIC HQIC KS p(KS) CVM p(CVM) AD p(AD)
NCC-IW 924.4949 928.4949 930.8125 0.0616 0.717 0.1390 0.4253 1.0806 0.3175
Iw 921.1562 925.1562 927.4738 0.0604 0.7381 0.1323 0.4488 0.974 0.3711
ArcGE  948.3638 954.3638 957.8402 0.1481 0.0073 0.8221 0.0064 4.4936 0.0050
ArcLmx 929.2980 935.2980 938.7744 0.0976 0.1745 0.2488 0.1899 1.7906 0.1202
ASE 956.6371 958.6371 959.7959 0.1501 0.0063 0.6261 0.0191 4.0879 0.0079
ASEW  912.5793 918.5793 922.0557 0.0886 0.2680 0.1858 0.2969 1.1082 0.3051
NCW 998.8923 1002.892 1005.210 0.1207 0.0480 0.3327 0.1096 2.8599 0.0323
Tan-BXII 917.7461 923.7461 927.2225 0.0787 0.4057 0.2086 0.2516 1.2355 0.2544
ECosW 937.7763 943.7763 947.2527 0.1170 0.0603 0.4531 0.0523 2.8386 0.0332
CosW 927.9831 931.9831 934.3006 0.1162 0.0632 0.3467 0.1003 2.1999 0.0716
Sin-IW  916.8895 920.8895 923.2071 0.0868 0.2903 0.1819 0.3056 1.1174 0.3010
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Figure 6: KS and Q-Q plots (dataset-II).
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Figure 7: Estimated PDF (left) and empirical vs estimated CDF (right) (dataset-II).

We have used the real data reported by [26] and it represents the failure time of 30 items
"0.602, 0.603, 0.603, 0.615, 0.652, 0.663, 0.688, 0.705, 0.761, 0.770, 0.868, 0.884, 0.898, 0.901, 0.911,
0.918, 0.935, 0.953, 0.983, 1.009, 1.040, 1.097, 1.097, 1.148, 1.296, 1.343, 1.422, 1.540, 1.555, 1.653"

Table 8: MLEs with SE (in parentheses) (dataset-III).

Model Parameter(SE)

NCC-TW(a, B) 3.178(0.4814)  0.4482(0.1032) -

IW(A, 6) 3.8881(0.555)  0.4275(0.1108) -
ArcTGE( o, A,0)  4.2E-07(1.3892)  31.5836(5.4017)  4.168(0.1055)
ArcTLx(a,B,0)  143.7539(4.3514)  0.3264(0.2077)  18.9209(10.5266)
ASE(0) 194.3346(5.9316) - -
ASEW( A,0,v) 1.2673(0.1458) 41.0829(6.893) 5.4445(0.3188)
NCW( A,0) 1.172(0.1733) 2.662(0.3434) -
TBXII(A, v, 0) 0.7768(0.1457) 7.3693(3.3169) 0.6354(0.5186)
ECosW( B, A,6) 0.1726(0.0315) 2.368(0.0046) 3.2934(5.00E-04)
CosW(B,0) 2.5699(0.3352) 1.0907(0.0648) -
SinIW( 4,0 ) 0.8297(0.1375) 2.7635(0.3757) -
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Table 9: Some selection criteria and goodness-of-fit statistics (dataset-III).

Model -2logL AIC HQIC KS p(KS) CVM p(CVM) AD p(AD)
NCC-IW 87135 12.7135 13.6100 0.1608 0.4197 0.0992 0.5920 0.6056 0.6413
w 7.6494 11.6494 12.5459 0.1432 0.5700 0.0793 0.6995 0.5146 0.7306
ArcGE 7.2658 13.2658 14.6105 0.0901 0.9679 0.0479 0.8924 0.3760 0.8712
ArcLmx 123954 18.3954 19.7402 0.1262 0.7260 0.0542 0.8542 0.5154 0.7297
ASE 224.6097 226.6097 227.0579 0.9413 0.0000 8.6137 0.0000 62.4475 0.0000
ASEW 6.4640 124640 13.8087 0.1141 0.8293 0.0561 0.8419 0.4091 0.8385
NCW 26.5153 30.5153 31.4118 0.1328 0.6649 0.0797 0.6969 0.7164 0.5440
Tan-BXII 89087 14.9087 16.2535 0.1074 0.8792 0.0536 0.8575 0.4021 0.8456
ECosW  12.0969 18.0969 19.4416 0.1238 0.7477 0.1053 0.5622 0.7074 0.5514
CosW 9.8726 13.8726 14.7692 0.1004 0.9230 0.0741 0.7304 0.5449 0.7001
Sin-IW 71457 11.1457 12.0422 0.1111 0.8526 0.0567 0.8383 0.4210 0.8265
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Figure 8: KS and Q-Q plots (dataset-I1II).
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Figure 9: Estimated PDF (left) and empirical vs estimated CDF (right) (dataset-III).
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Figure 10: Countour plots for three data sets under study respectively.

7. CONCLUSION

A new family of distributions, known as the Cos-G family, has been developed by transforming
the cosine function based on the ratio of CDF G(x) and 1 + G(x) of a baseline distribution. The
general properties of this distribution family have been described. To create a member of this
family with a hazard function that is increasing, decreasing, or inverted bathtub-shaped, the
Inverse Weibull distribution was used as a baseline distribution. The resulting distribution, called
NCC-IW, was analyzed for its statistical properties, and its parameters were estimated using
the MLE method. The estimation procedure was evaluated through a Monte Carlo simulation,
which showed that the biases and mean square errors decrease as the sample size increases,
even for small samples. The NCC-IW distribution was then applied to three real data sets, and
using model selection criteria and goodness-of-fit test statistics, it was shown to outperform other
existing models with more parameters. This suggests that the Cos-G family and its member
distribution have wide applications in fields such as medical science, reliability engineering, and
survival analysis, and can lead to the development of new models in the future.
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