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Abstract

The aim of this paper is to develop new nonparametric estimators of
entropy based on the k' nearest neighbor distances that are considered
between n sample points, k& < (n — 1) being a positive integer, fixed.
The Method consists in using the new estimators which were useful in
order to evaluate the entropies for random vectors. As results, using the
Kaniadakis entropy measure, the asymptotic unbiasedness and consis-
tency of the estimators are proven.

Keywords: Kaniadakis entropy, estimator, k'" - nearest neighbor, variance, dis-
tribution.

1 INTRODUCTION

k-nearest neighbor (k-NN) has become a popular and powerful idea that can be used
as a technique for nonparametric density information, which takes as a function of
the training data, the region volume.

This method has been firstly developed by Evelyn Fiz and Joseph Hodges back in
1951. It is used both for classification and regression. The input embodies the k-
closest training samples in the data set. In the k-NN classification, the function is
approximated locally.

When k=1, we see the nearest neighbor due to the fact that the considered class is
the closest training sample.
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Information measures and their variants can be applied in numerous data science
domains such as causal inference, computational biology, sociology even. Mutual in-
formation is a well-established concept in information theory, one can quantify the
mutual dependence between two variables by using it.

Regarding more pratical reasons, Beirlant et al. (2001) gave in [4] and overview of
several methods used for the nonparametric estimation for the differential entropy of
a random variable which is continuous. The properties of these methods were com-
pared and application were given, among which we can mention the goodness-of fit
test, the parameter estimation, spectral estimation and also the quantization theory.
In [23], Singh et al. (2003), investigated for standard distributions the performance of
the proposed estimators in the case of finite samples using simulations of type Monte-
Carlo. The estimators were applied in order to estimate the entropy of the internal
rotation in a methanol molecule, which was characterized by a one-dimensional ran-
dom wvector and also, for diethyl ether, which was described by a four-dimensional
random vector. In [11] Lefure et al. used the Monte-Carlo control technique to reduce
training over-fitting and to improve robustness to semnatic noise in the user input.
This uses a database of belief vector prototypes in order to choose the optimal system
action.

A locally weighted k-nearest neighbor scheme is instituted to smooth the decision
process by interpolating the value function, which resulted in higher user simulation
performance.

The recent papers concerning the Markov models and different classes of distributions
could be of use for our research, such as: Barbu [2] that defined in a discrete-time
semi-Markov model and proposed a computation procedure for solving the correspond-
ing Markov renewal equation, which is necessary for all the reliability measurements.
Then, the reliability and its related measures were computed, and the results were
applied to a three-state system. In 2014 Preda et al. constructed in [18] the mini-
mal entropy martingale for semi-Markov regime switching interest rate models using
some general entropy measures.

They proved that, for the one-period model, the minimal entropy martingale for semi-
Markov processes in the case of the Tsallis and Kaniadakis entropies are the same
as in the case of Shannon entropy.

Panait [13] introduced a weighted entropic copula from preliminary knowledge of de-
pendence. It has been considered a copula with common distribution, based on which
was then formulated the weighted entropy dependence model (WMEC). An approz-
imator for the copula function for the studied problem and asymptotical properties
regarding the unknown parameters of the model were determined.

In [8] Barbu, Karagrigoriu and Makrides were interested in a general class of distri-
butions for independent (yet not necessarily identically distributed) random variables,
closed under minima, in which the main parameter involved has been assumed to be
time varying with several possible modeling options. It concerns the reliability and
survival analysis for describing the time to event or failure. The mazimum likelihood
estimation of the parameters was addressed and the asymptotic properties of the es-
timators were discussed.

In 2009, Sricharan, Raich and Hero [26] analyzed a kth nearest neighbor class of plug
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in estimators for estimating the Shannon and Rnyi entropy and derived explicit rates
for the bias and variance of these plug-in estimators based on sample size and the
underlying probability distribution. They also established a central limit theorem for
these plug-in estimators that allow the specification of the confidence intervals on the
entropy functionals. They used the created theory in an application regarding anoma-
lies detection problems to specify thresholds in order to achieve desired false alarm
rates. In the same year, Debreuwve [7] solved various image and video processing tasks
by handling the features is the same way, for both low and high-dimensions with the
help of kth nearest neighbor estimators.

In 2011, Li et al. proposed in [12] a consistent entropy estimator for hyperspherical
data, based on the kth nearest neighbor approach. Simulation studies were conducted
to evaluate the performance of the estimators for models such as uniform distribution
of von Mises-Fisher distributions.

In simulations, the k-NN entropy estimator was compared with the moment based
counterpart and the results showed that the two methods were indeed, comparable.
Zamanzade et al. [29] introduced two new estimators that were used for the entropy
estimation in the case of absolutely continuous random wvariables. They compared
them with the first existing entropy estimators, such as the ones proposed by Dim-
itriev and Tarasenko [On the estimation functions of the probability density and its
derivatives, Theory Probab. Appl. 18 (1973), pp. 628-633] and after, proposed
goodness-of-fit tests on the mewly introduced entropy estimators for normality and
also compared their powers with the ones of the other for normality entropy based
tests. Their simulation results performed well in the estimations of entropy and nor-
mality testing.

The entropy field is unlimited. And so are the types of estimators that could be given
in the future. To mention just a couple of papers of interest and domains of feasibility
in 2015, Sheraz, Dedu and Preda [18] applied the concept of entropy for underlying
financial markets to make a comparison between volatile markets.

They considered as a first step Shannon entropy with different estimators, Tsallis
entropy for different values of its parameter, Rnyi entropy and finally the approxi-
mate entropy and provided computational results for these entropies for weekly and
monthly data in the case of four different stock indices.

In [14] Popescu et al. established new inequalities for JeffreysTsallis and Jensen-
Shannon

Tsallis divergences. Their results refined and generalized recent results in Tsallis
theory. In [17] Preda and Dedu derived new distribution families for modeling the
income distribution by using the entropy mazimization principle with Tsallis entropy.
New classes of Lorenz curves were obtained by applying the entropy mazimization
principle with Tsallis entropy, under mean and Gini index equality and inequality
constraints.In [14] Popescu et al. established new inequalities for JeffreysTsallis
and JensenShannonTsallis divergences. Their results refined and generalized recent
results in Tsallis theory. In [17] Preda and Dedu derived new distribution families for
modeling the income distribution by using the entropy mazximization principle with
Tsallis entropy. New classes of Lorenz curves were obtained by applying the entropy
mazimization principle with Tsallis entropy, under mean and Gini index equality and
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inequality constraints.

In 2016, Sfetcu [19] considered a sequence of generalized Jacobi polynomials. It has
been defined a discrete probability distribution and considered the Tsallis (resp. Rnyi)
divergence for it. It has been observed the asymptotic behavior of Tsallis (resp. Rnyi)
divergence defined above and for the quadratic Tsallis (resp. Rnyi) divergence, an
explicit formula has been given. In 2021, a new generalization of AwadShannon en-
tropy, more precisely AwadVarma entropy has been studied in [20], a stochastic order
on AwadVarma residual entropy was introduced and its properties of this order were
studied, amongst which we can mention: closure, reversed closure and preservation
in some stochastic models. Later, in [21] a stochastic order for Varma residual en-
tropy was given, together with several of its properties, such as: closure, reversed
closure and preservation.

In the past, Keller et al. [9] used mutual information to estimate raw data streams
in an immediate period of time; also, Sorjamaa et al. [25] were using mutual infor-
mation and k' nearest neighbor approzimator for time series prediction.
Considering to analyze, just like the Kozachenko-Leonenko fized k" nearest neigh-
bor estimator for differential entropy, in 2016 Singh et al. [24] offered an analysis
of k-nearest neighbour distances with applications to entropy estimation.

More recently, in 2018 Zhao and Lai [30] used the KSG mutual information estima-
tor, which is based on the distances of each sample to its k' nearest neighbor, to
estimate mutual information between two continuous random variables.

In 2018 Jiao, Gao and Han [8] obtained the first uniform upper bound on its perfor-
mance for a fived k over Hlder balls, on a torus, without assuming any conditions on
how close the density could be from zero.

Shannon entropy estimators can be calculated using the logarithm of the determinant
that estimates the variance-covariance matriz S containing independent observations.
For continuous distributions we can distinguish three types of methods that are pro-
posed for estimation. The first one seeks to convert the continuous distribution to a
discrete one, by using bin method. The second, tries to learn the underlying distri-
bution first and after to calculate the entropy and the mutual information.

The last type of method directly estimates the entropy and mutual information based
on k' nearest neighbor, or the so-called k-NN distances. This is the one that we will
approach throughout this paper.

Let X1, Xa,..., X, be n copies of a p-dimensional random variable X, all indepen-
dent, having an absolutely continuous distribution function, F(x) and the probability
density function f(x) where f (z) = f (21,...,2n),dx = dx1,...,dzp;, p the torsional
angles of molecules for evaluating the entropy.

We assume that the differential entropy HK, (f) as an integral estimate of entropy,
under the following form, which is well-defined and finite:

HEK,(f)=E [flnff(X)] - f/oo Is(@) f(@)InE f (X) day, ..., dzn

E being the expectation taken relative to X . Here, S is the region where the pdf
f(.) is positive and Is (.) in the indicator function for S.
In the following, well make the notations starting with the ones of Dudewicz and
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van der Meulen, 1981, Vasicek, 1976 in a one-dimensional space, so for p = 1, an
estimator based on spacing has the form:

n—m

O (2 Kitmin = Xion) ) =¥ (m) + in (m)

n—m <
=1

where m < (n — 1) is a positive integer, fixed; X1.n < Xoip < -+- < Xy are the
order statistic of X1, Xs,...,X, and ¥ (m) = % the digamma function. This
estimator will be called the m-spacing estimator.

For p considered in a general case, Kozachenko and Leonenko [10] proposed a non-
parametric estimate of entropy, to be based on the nearest neighbor distances be-
tween the sample points.

Thus, let Sy;» be the sphere of radius r > 0, centered at z € RP | the p-dimensional
Euclidean space.

Then, the volume of Sy, is:

7P/2pP

Vo=
T+

where Ty = / xailefzdx,a >0
0
Let p; be min {||X; — X;||,j € {1,2,...,n} — {i}}
Based on the first nearest neighbor distances, for the m; values, Kozachenko and
Leonenko proposed in 1987 [10] the estimator H, of H(f) the Shannon entropy of f

p n
Hy =23 inp; 1
ni:llnp +in +y+in(n-1)

7{'%
T (5+1)
The differential entropy has important extremal properties, such as:

- for a concentrated density f on the unit interval [0,1], the differential entropy is
maximal if fis uniform on [0, 1] and H (f) = 0.

- for a concentrated density on the positive half line and for a fixed expectation, the
differential entropy takes the maximum for the exponential distribution.

- for a density with fixed variance, the differential entropy will be maximized by the
Gaussian density.

Where v = 0.5772. .. is the Eulers constant and by which formula they proved the
asymptotic unbiasedness and consistency of H,. For p = 1, Tsybakov and van der
Meulen [27] have established the mean square root n consistenct for a truncated
version of H,. They proved the mean square y/n-consistency of the estimator for a
class of densities with unbounded support, including the Gaussian density.

Since the random variable S is absolutely continuous, its nearest neighbour distances
(the values p;) are expected to be small positive numbers. Due to the presence of
n In factors in the expression of H,, small fluctuations in the small p; values will
result in higher fluctuations in the values of H,,.

In Section 2 of the present paper, is defined an entropy estimator based on the j-th
nearest neighbour distances. We use the Kaniadakis entropy measure, that repre-
sents the basis of our theoretical developments. We will therefore be working with
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the Kaniadakis logarithm, which is represented under the following form:

o [ L@@,

2a
Inf (z) , a=0

where f(x) > 0, depending if the random variable X is continuous, f being the
probability density function (pdf) of X. We suppose that the differential entropy
HK, (X) to exist and be finite.

In function approximation, system classification and prediction task, the goal is to
find the best possible model and parameters to have a good performance.

This is the reason why diverse characterizations, models and properties are con-
stantly and intensively studied for the entropy establishment. In order to give some
examples, in [1], Bancescu proposed a new method for the construction of those
statistical models that may be interpreted as the lifetime distributions of series-
parallel /parallel-series systems and which are used in characterizing coherent sys-
tems. In [16], Preda and Bancescu used the Speed-gradient (SG) principle for the
non-stationary process that obeys the group entropy maximization principle or the
relative entropy group minimization principle and obtains its dynamic equations. In
[5] for the entropy estimation, Botha et. al used the Dirichlet prior, which is con-
sidered a valuable choice in the Bayesian framework. Wang and Gui [28] used the
maximum likelihood and Bayesian methods to obtain the estimators of the entropy
for a two-parameter Burr type XII distribution under progressive type-II censored
data. Popkov [15] approached the problem of randomized maximum entropy esti-
mation for the probability density function of random model parameters with real
data and measurement noises.This estimation procedure maximizes an information
entropy functional, taken from a set of integral equalities. The technique of the
Gteaux derivatives was developed to solve the problem under an analytical form.
Information theory quantities, otherwise called information measures, such as en-
tropy, mutual information and Kullback-Leibler divergence quantify the amount of
information among random variables and have a large set of applications in statistics.
Bulinski et al. established in [6] the asymptotic unbiasedness and L?-consistency
under mild conditions, for the estimates of the Kullback-Leibler divergence between
two probability measures in R? absolutely continuous with respect to (w.r.t.) the
Lebesgue measure. The estimates were based on certain k-nearest neighbor statis-
tics for pair of independent identically distributed (i.i.d.) due vector samples. The
novelty of results is also in treating mixture models. In particular, they cover mix-
tures of nondegenerate Gaussian measures. The mentioned asymptotic properties
of related estimators for the Shannon entropy and cross-entropy are strengthened.
Some applications are indicated.

In the framework of this paper the random variables shall be restricted to non-
negative ones. The asymptotic unbiasedness and consistency of the estimator will
be proven.

This paper is organized as follows: Firstly, in section 2 well construct the k*"- NN
Nearest Neighbor Estimator of Kaniadakis Entropy. Afterwards, in the third section

well arrive at the asymptotic mean of the estimator GK Exn) (f) and we shall see the



NEAREST NEIGHBOR ESTIMATES OF KANIADAKIS ENTROPY 177

estimator f]?(a (f) in the 4th section. Section 5 present the conditioned asymp-
totic variance of T K {") and in Section 6 - the asymptotic variance of the estimator

ﬁ(fj) (f) is studied. Straight conclusions will be drawn at the end of the paper.

2 Construction of the k' - NN Nearest Neighbor Esti-
mator of Kaniadakis Entropy

Given a random sample X1, X»,...,X,, from the distribution with pdf f (z), the
purpose is to estimate the entropy H Ko (f)-
For f() a suitable estimator of the pdf f(.), a reasonable estimator of entropy
HEK, (f) could be one of the following form:

R (1) = 2> [Fx)

Let 1 < k < n be a positive integer, and for i = 1,2,...,n , let Rk be the Eu-
clidean distance from X; to its k*" closest neighbor.
Therefore, a reasonable estimate defined as f (X;) of f (X;) is given by:

R TERP k
X;) - Tk B
r+1) n
TrfR? k,n : . . .
where W is the volume of the sphere, having radius R; x,n. The previous equa-
tion gives
kI (2 + )
f(x) = 22 ), i=1,2,....n,
nm?2 R'L,k,n

Therefore, a reasonable estimate of HK, (f) is:

G ()= 2>k [Fix] = LSkt
i=1 i=1

(n) _ 3 K ””2Rzkn .
where TK ;" = In, |:kF( ) } , i=1,2,....n
(n) _ K "”lekn 7”r2R1k71 K K .
TK;" = Ing [( 1) > r, 7( =y > eg (r), where ey is the inverse

function of the InX function.

Therefore,
——(n) I~ x|[kD(5+41)
GK, (f)=—-—-— Ing , 1=1,2, n
( ) n 7,2:; nﬂ-%Rf,k,n
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(n)
1

The theorem that follows gives the asymptotic mean of the estimator TK;"’ condi-

tioned of X7 = x.

(n)

3 The asymptotic mean of the estimator C/H\(a (f)

To arrive at the asymptotic mean of the estimator GAKSL) (f) we must at first give a
result for the asymptotic mean of the estimator T K f") conditioned by X; = x.
Proposition 3.1

Let E, (f (X)) <o, 0#|al <1,k>2|qf

The asymptotic mean of the estimator T K f") conditioned of X; = z is given by:

lim E [TK}"HX1 - x] -

n— oo

1 1
do- k- f () [(kf (21t Gt k) F

Proof
For r real number, we have:

1
WI‘ (k— 204)} k> 2|a|

P [TK{’” > r|X) = x] =P [Rl,k,n > ok Xy = x]

where .
K kF(§+1)e§(r) »
Pron = [ nrs :|
Thus,
Pl s = = 57 ) )] e o))
where B
P (Spmx) = /S F(t)dt

oK,

and Spi‘n:z is a general sphere of radius 7 > 0, on the p-dimensional Euclidean space.
It was iﬁitially proposed for a general p, used for the non-parametric estimate of en-
tropy, based on the nearest neighbor distances between the sample points

Since pfn — 0 as n — oo we have

UM —s 0o [nP (SPTK,":I)} = keX (r) limn%oop(jjf":z) = keX (r) f(z)
Prin

Using the Poisson approximation for the binomial distribution, we have:
k—1 K i
kf(x)ey (r _
lim P [TK" > X1 =] =3 Mé k(@)
3!

n—oo .
=0

ea (r) =
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PTKy >r],—00o < TK,; < o0

where the random variable T K, for a given = has the pdf

Ef (z)eX (y . k()X
hr, (y) = C (k, a, f (z)) %e @D o0 <y < o0
C being the normalization constant.
Therefore,

Lty o0 E [TKf”)\XI - m} — E[TK.) :/ y%e‘”(mf‘”dy
By making the variable change z = kf (z) eX (y), 2> 0.
The consistent calculus for E [TK 1(">| X, = x] is the following:

We denote 1

A= o TH )

lim E [TK{"MX1 = x]

n— o0

() () o ()
(%@)) - (ku(w) } {wz((;))‘* - (kf(w))]}

(szix))a_l }‘AOEZ {Zk
1

2a—1+k

Ao Gy B (2] o
= 4o %F
(kf (x))

where Z ~ exp (1).

Further we are about to use the Gamma function, described earlier in the introduc-

tion.

By letting k& > 2|al, we have that and by denoting:

1 Z*
= k() { (k—1)!

— 1 k
- 4a~k!-f(m)Ez {Z

= AoEz {Z’“

(2()é+k) — Ao

1 1
————T 2a+k)—
Gy oY

We arrive at the conclusion that

————I' (k- 2a
Gy

0=

Lt o0 ¥ [TK§">|X1 = x] = Ao - Bo
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Proposition 3.2
Let Ex (f (X)) < 00,0 # |a| < 1,k > 2|a

Jim B[]
! (572 T o+ k) = K% T (k = 20)] - Ex [ (X) 7]

T da- (k-1 f(2)

U (20 + k) - k*

oK)

Proof

By using Proposition 1,

Lt o0 [TKY”] —[*E [TKY”|X1 - x] f(2) da

= 2 [T T Qa+ k) E[f (X)) — k2T (k- 20) - E [f (X)**]]
= mm F T T Qatk)-E[f(X)7*] k2 =T (k- 2a) - 4a

sl i)

— 4al'k! {k172o¢ P(?a—l—k) B [f (X)f2a] _ k1+2a —F(k—Za) Ao - (E |:f(X)2a1£(X>_2ai|

o))

= o {[F'72 T e+ k) — k' T (k- 20)] - Ex [f (X) 7] — 4o - K'72%.T (k — 20)

HEKsa ()}

= sy B2 T (20 + k) — k2 - T (k — 20)]-Ex [f (X) %] - TCE 0 Ko, (f)

(k—1)!

Theorem 3.3

Let Ex (f (X)7?*) < 00,0 # |a| < 1,k > [2]af

llmn%ooE [GKa (f):| = m . I:k*QOt .T (2CM + k) 4 k2a . (k — 2&)}

I' 2o+ k) - k&~

-Ex [f (X)72a] - (k — 1)]

- HKaa (f)

Proof



NEAREST NEIGHBOR ESTIMATES OF KANIADAKIS ENTROPY

181

TK™ TK™ ... TKS The random variables TK\™ TK{™ ... TK are

identically distributed, therefore
—5>(n) n
E [GKa (f)] =F [TKI( >]

By using Proposition 2,

lithn s oo E [GKa ( f)] = limn oo E [TK}”>|X1 - x]

. 1
T 4ok f ()

This concludes our proof.
We have that

SRR (@) 7P T (2004 k) + BT f (2)° T (k- 20)]

oo oo 1+2a 1-2a
_2/700..‘/70015(56)”‘”) 4af(”) = HK24 (f)
Then,
Lt o0 [TKl(">] = b K72 T (a+ k) — K2 T (k — 20)]-E [£ (X) 2]
OB AR ()

From here on we can begin to calculate HE 30 (f) in order to get to HEK., (f)-

4 The estimator HK, (f)-

Theorem 4.1

Let Ex (f (X)) < 00,0 # |a| < 1,k > |2]a

HRo ()= =0t ] 1 (FGEH) ] s e g1
HK. (f) = k%l“(k—a){ nl”%{ = Dim Bk +
3a a
k2 T(a+k) k2 —a
— L 2 ) Ex [f(X
<2a F(k—a)+20¢> x [1C07]
Proof
T —(k—-1)! A
HKo(f) = mitam GKa (f)

(k —1)!

T =) 4o ko -T (k- 2a)

(k—2a T (2a+k)—k* T (k- 20))-Ex [f (X)_Qa]
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(k=1 = E3* T'(Qa+k) Kk —2a
=TT 2a) O Ko (f)+( - ~m+5)Ex[f(X) ]

We can convert o in § and see that an asymptotically unbiased estimator for

HK, (f) is
R () = 7 oty ORE () (’“2; TarE ’;a) Ex [£(X) ]

1 _ —« —a
——(n) 1 o (KT (2 +1) 1k (T (3+1)) 1
GKa (f)=-= > lna< 2 - 2 inf "o

2 n Rp’ak nm?2 n—%r 4
— — »
But GKE:L) can be also written as: G i”) = —% ?_Jnff |:krp(2+1)] , 1=
B nﬂéRfﬂ,k

1,2....,n
and so

——(n 1<~ 1 ET (2 +1 ants

GR (= -1y Lo [(FLEED | ntmE kg

niz Ri,n,k nm2 ke [F (% + 1)] '

1 "~ 1 K kT (g + 1) " n%r 2
— _ o — a Ing,Rin
n ; 7" e Z} ko [T (2 +1)]7 P ettt
_ 1k kF(Z +1) - ap ailﬂ-%p -
= nlna |: nﬂ-% ;R'L,n,k + Lo [F (g +1 ]a ;lnapRz,n,k

5 The conditioned asymptotic variance of TK f"
Proposition 5.1

Let Ex (f (X)) < 00,0 # |a| < 1,k > |3|al.
Let k be a positive integer and for a fixed z let A; = W’f@)

Then,

lim E [(TKY‘))2 1X) = x}

n—oo
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1 1
= A1 | g7 ' (B I S— Y T(k-a
|G PO O+ (e Tt R e T )
1 ) 9
+W-F(l€—3a)—W~P(a+k)—W.p(k_a)]
Proof

R {(TK’f"))Q X1 = x] = E[TK2|X; = 1]

el e () ()| ()] )

2
limy, o0 E {(TKE")) 1X; = a;}

1 —3a+tk 2 atk 2 otk
+arae (2 - e [ - e [

=4 [(kf(w)l)3"‘l LBa+k) + grape=tl (@ + k) + gyl (k- )
v P30 2 T(ath) - %F(k—a)]
(kf (x))"" (kf (x)* (kf (x)" "~

Proposition 5.2
Let Ex (f (X)) < 00,0 # |al < 1,k > [2|a]
2 2
{limn_wo E [(TKY”) 1X; =
= Sarmyr B (@) 71T 2+ k) — K F ()" T2 (k - 20) — 2T (2a + k) T (k — 20)]

Proof

Using Proposition 3.1, we can easily make the calculations and come to the above
result.

Thus, by calculating the square of

limpsoo B/ [(TKYL)) X1 = 39] = 4a.k!1-f(36) ’ |:(kf(z)1)2o¢—1 I'(2a+k) — WF (k — 201)]
we get:

2
limn o0 E [(TKY”) 1X; = x]

I (k — 2a)

— 1 1 2 1
= e |me L o+ k) + e

1
2ot (20 + k)T (k — 20[)}
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_ 1 1 2 1 2
- 16a2-(k!)2~f2(z) |:k4‘1’2-f(z)40‘1_‘ (20+k) + k'_4a_2f(oc)_4ar (k; - 20()
2

k2

= 1602 ((k—1))Z-k2 [k74af (xrm r 2o+ k) + k4af (x)m r? (k = 2a)

—2T (2a + k) T (k — 20)]

= Soargoimmz KT (@) T2 (a0 k) + RS (2) 7 T (k- 20)

2T 2a + k)T (k — 2a)]

Theorem 5.3
Let Ex (f (X)) < 00,0 # |a| < 1,k > [3|a]

limp o0 Var [(TK}”HX - x)]

= T (3a+k) + T(a+k)+

1 1 1 .
(kf(2))3e—1 (kf(z))*—t (kf(z)—*~1

b T (k- 3a)

(kf(m))_go‘_l F(a+k)

-2 -2 .
(kf(z))>—1 (kf(z))=>~1

—Teaz ey K1 (@) 70 a4 k) + RS (2) T2 (k - 2)
—2T (20 + k) T (k — 2a)]

Proof

lim Var [(TK{"HX - ;r:)]

n—00

= [ (07) 1 =) Lt [ =]

Therefore, the proof is direct from Prop. 3 and 4.

—(n

6 The asymptotic variance of the estimator HK i ) (f)

Proposition 6.1
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lim Cov (TKY”, TK;’”) —0

n—00

Proof

lim P [Tf’” > T > s|X) =2, Xz = y]

n—>00

?S“
,_

k—

1
[kf (z)e")" [kf (y) ) RS @)+ (0)e]
J!
;=0

s
Il
o

<.

= P[T, > ] P[T, > s]

For finding the limit of the covariance between T K %") and TKén)We shall consider
r and s, both finite.

P [TK{”) >, TKS™ > s|X) = 2, Xa = y]
=P [Rl,k,n > pffn7R2,k,n > p§n|X1 = ma—XQ = yj|

By having = # y, since pfn and pfn tend to 0, when n — oo we assume that, for n
large S,k ., (1S,x ., = ¢, an empty set.

P [TK@ >, TKS™ > s|X1 = 2, Xo = y]

=P

at  most(k—1)ofXs, ..., Xn € S,k ,and
at most (k —1)ofXs, ..., Xn € Syx .,

RO e = (RS I (R

0<i,m<j,i+m<n—2

Jr=P(Sp) = P (S, y)}n—z_i_m

We shall denote P<§:’{(‘":x> P<Sps us /) be Aﬁm (z,y)

and

( ) ( ) n—2—i—m
P(S Kk .. P(S,k .,
1—2L kel (r)- 7%”:: + kel (z) - 7%" - d be Bf,, (z,y)

Pr,n Psin

~ oy (n—2)t  (keh (1) (kek (s)"

) - dml(n—2—14i—m) nt nm
0<i,m<ji+m<n—2

CAf (2,y) - Bl (,y)
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Theorem 6.2
. —=(n)
lim Var [HKQ (f)} =0
n—roo
Proof
The distribution of a random vector TKYL),TKQ"), ..., TK) remains the

same regarding any permutation that we may consider of it, and then we have

B Var (TK fn))

n

=5>(n)

Var [GK% (f)]

n(n—1)

+ Cov (K", TK{")

‘We have

lim E [TK{”),TKS‘)} = lim [E [TK{")] E [TKQ’“H,

n—r oo n—r oo
which inferrs that

tim Cov [T, TV | = B [T, TK{"| - B [TK("] B [TK{"]

n—oo

lim Cov [TKf"),TKg’”] —0

n—oo

Hence, from the recent calculus for Var [TK;")] and lim Cov [TK%”),TKén)] we
n—o0

have that

. ——(n)

lim Var [GK% (f)] =0

n— oo

resulting that

Tlim Var [AK,” ()] =0
Asymptotic efficiency is another property worth consideration in the evaluation of
estimators. Though there are many definitions, we can see the asymptotic variance
as how far the set of numbers is spread out, of the limit distribution of the estimator.
In the above results we evidence the properties for the Kaniadakis-based estimations
in this direction.



NEAREST NEIGHBOR ESTIMATES OF KANIADAKIS ENTROPY 187

7 Conclusions

We constructed the k*" - NN Nearest Neighbor Estimator of the Kaniadakis Entropy
and found the asymptotic mean of the estimator GK i") (f). Also, a theorem for the
asymptotic mean of the estimator T K {") conditioned by X; = x has been given.
Then, we calculated the estimator HK ((ln) (f) from which we derived the con-
ditioned asymptotic variance of TK}M and further, the asymptotic variance of the

estimator ﬁl\(fj) (f)-
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