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Absolute Minimum and Maximum of the Probability
Mass Functions and Limit of Generalized Renyi
Entropy
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Abstract

Alencar and Francisco (1998) proved the absolute minimum and maximum value of a given probability
mass function is related to the limit of the Renyi entropy.

In this paper, we have determined the minimum or maximum of some probability mass function (PMF)
using this point. In the following, it will be shown that the absolute minimum value of a given PMF is
related to the limit of the Generalized Renyi entropy, as « — —oo and f$ is fixed or (8 — —oc and «a is
fixed).The absolute maximum value of a PMF is related to the limit of the Generalized Renyi entropy, as
a — oo and (3 is fixed or (8 — oo and « is fixed).
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1. Introduction

Information theory is related to the concept of irregularity in statistical thermodynamics and mechanics. Hartley

(1928) presented definitions of information in communication engineering, for this reason, information theory has
been considered as a subcategory of the communications engineering. The first time, Shannon (1948) considered the
communication as a mathematical problem and revealed the method of determination the capacity of a channel.
Renyi (1961) generalized entropy to one parameter family of entropies and defined Renyi entropy. This entropy
soon after found application in graph theory. The original reason for Renyi to introduce his new entropy to be that
he planed to use it in an information theoretic proof of the central limit theorem. But later, other applications of
Renyi entropy were found. There are many different areas such as (physics, chemistry, statistics, economics and
computer sciences and also data extraction, signal processing, pattern recognition, testing hypothesis and image
registration processing). The problem of finding the absolute minimum and maximum values of a function is
one of the applications of Renyi entropy which distinguished it. Alencar and Francisco (1998) showed that the
absolute minimum and maximum value of a given probability density function can be related to the limit of the
Renyi entropy. Section 2 relates to the problem of minimum and maximum of a PMF and Renyi entropy. Also some
examples are presented which are calculated the absolute minimum and maximum values of the some probability
distributions using this point, including skew discrete Laplace, symmetric discrete Laplace, symmetric discrete
distributions, Logarithmic series distribution, discrete uniform distribution, etc.
Generalized exponential entropy introduced by Koski and Persson (1992) and the logarithm of it was named
generalized Renyi entropy. In section 3, we show that the absolute minimum and maximum value of a given PMF
is related to the limit of the generalized Renyi entropy in section 3. This point is expressed in two theorems and
their proofs are presented.
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2. The minimum and maximum of a probability mass function and Renyi entropy

In this section we present definitions of the Renyi entropy and generalized Renyi entropy. One of the applications
of the Renyi entropy is to find minimum and maximum values of a PMF. This topic was proposed by Alencar and
Francisco (1998), they have shown when « tends to —oo and oo respectively, minimum and maximum of a PMF
is related to limit of the Renyi entropy of it . Using that point, absolute minimum or maximum of some PMF are
calculated.

Definition 2.1. Let X be a random variable with probability mass function P,

n

P = {(p17p27 7pn)7 sz = ]-7 Di Z 07 1= 1,27...771,} (21)
i=1

The Renyi entropy is defined as:

1

Ho(P) = 11—«

logZp‘i’, a>0, a#l. (2.2)
i=1

Also Generalized Renyi entropy for random variable X , is introduced as follows:

FalngiSls a#p
n “lrnj:l B (23)
27_1 p; tnpi o = ﬂ

2t Y

HZH(X) =

The results of Alencar and Francisco are presented in the following.

Theorem 2.1. Consider that P = {p1,...,pn} is a probability density function where n could be infinite. The absolute
minimum value of probability in the set, m = min{p1, ..., p, } is given by

m =27 imem o Ha(P), (2.4)
The absolute Maximum value of probability in the set, M = max{p1, ..., pn } is given by
M = 27 imamoe Ha(P), (2.5)
Proof of Theorem 2.2 has been presented in Alencar and Francisco (1998) completely.

Some examples
One of the discrete distributions is skew Laplace distribution that is defined as follows and you can see it in
Kozubowski and Inusah (2006), Inusah and Kozubowski (2006).

Definition 2.2. A random variable X has a discrete skew Laplace distribution with parameters p € (0,1) and
q € (0,1) denoted by DSL(p, q), if

_ _ _ (171))(17(1) pk k:()»]-a?v"'
Sy = PX=h) = =700 U o k=0,-1,-2,.. 26)
Example 2.1. Let X be a variable with skew discrete laplace distribution:

-1

lim H,(f(k)) lim - L 1ogl(Lm 2= 0ya( 5™ ke 4 3 phe

o Tl 1=rq k=—o00 k=1
= a11—>12c 1 f alog (a —1p)(;q— %) + ali_}n;@ — alog[l +2 gpak] (2.7)
The second equation of the righthand of (7) when « tends to oo is zero and we have:
Jim (7)) = —tog W20
M = 9 Nmase Ha(F(R) (1-p)(1—gq) 2.8)

1—pq
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_ (1-p(1-q)
1

The maximum of skew discrete Laplace distribution is equal to M
symmetric Laplace distribution and denoted by DL(p),

. In relation (6) if p = g we have

1-— .
fk)=P(X =k) = ﬁplkl, pe(0,1), ke Z=0,+1,+2, ...

The Renyi entropy for X is

alog(%) 1 2p
log[1
1—« +17a0g[+17p‘1

(0%

Hao(f(K)) = ] (29)
When a — oo, limit of the second equation of the right hand (9) is zero and with L'Hopital’s rule, limit of the first
equation, is —logﬁ—g so we obtain:

M — 2—1“1104»00 Ha(P) — 2109% = 71 —P
1+p

The maximum of the symmetric discrete Laplace distribution occurs in k& = 0 and equals to };—Z.

Example 2.2. For discrete and continuous distributions, symmetry version is important. Other example that we
calculate its maximum value is symmetric discrete distributions family

1

f(k):P(X:k):TS(p)P

WM™ kez, Sp)=>_p*". (2.10)
k=1

If m = 1 distribution given in (10) is symmetric discrete Laplace distribution that was discussed in example 2.4.
limit of the Renyi entropy for this distribution is:

1 1 e mao
lim H, = 1 1 AN +2 k
A Ha(p) = Hm g los(—gns) L+ ;p ]
. - 1 = o
= all)rr;o 7a10g(1+25’(p))+1ialog(1+2;p )
= log(1 + 25(p)). (2.11)
Then we obtain
. 1 1
M = 9~ limae Hu(p) — 2—10g(1+28(p)) — — - . 212
1+2S(p) 142>, p*" 212)
Example 2.3. The PMF of discrete uniform distribution is
1
f@(l‘) :P(XZI) = m, 5520,17...,0, 9>07 0e Z.
The Renyi entropy is:
0
1 1
H,(P) = —1 ——
(P) 1—a0gz(9+1)
k=0
= 1 lo(z) ! = ~lo(5 ) 213)
T 1o B+1 AV '

Here Renyi entropy does not depend on « and the limit of it is equal to —log -7, thus minimum and maximum are
equal:

1

=M=2" lima— +oo Ho (P) = — .
m 0+1

It is clear that minimum and maximum for discrete uniform distribution is ﬁ.
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Example 2.4. The Logarithmic series distribution and its Renyi entropy are respectively:

fo(x) =P(X =2) = 5230, r=0,1,..,0<0<1, B=—(n(1-0)"",
and:
B 1 > BO%
Ho(P) = mlog;( - )
~ alogp 1 =07,
= ooty oloe ;(;). (2.14)

respectively. Since 6 € (0, 1), the limit of second equation of the right hand of (14) is zero and limit of first equation
of that is —log/3, thus we have:

M=9" limg oo Ha(P) _ QIOgﬁ /8

See that maximum value of this distribution occurs in = 0 and is equal to 56, since 8 € [0, 1], maximum value is
and this conforms with the result that obtained from limit of the Renyi entropy.

Example 2.5. Let X has geometric distribution with parameter p:
Px(z) =p¢®, x=0,1,.,0<p<]1,

For this distribution, limit of the Renyi entropy is

H,(P) = logZpa Ty >0,a#1

alogp = s
e 1 oaxr
SO

11—«
1
= lim H,(P)= lim e p—I— lim log —logp
a—r00 a—oo 1 — a—>00 l—qal—oz
— 9~ limase Ha(P) _ glogp — (2.15)

We know that the maximum value of Geometric distribution occurs in = = 0 and it is equal p, this conforms with
the result of the limit of the Renyi entropy.

Example 2.6. For random variable X with poisson distribution, PMF and its Renyi entropy respectively are as
follows :

T, —A

pX(x):/\e , x=0,1,... ,A>0,
z!

and
)\(mc —aA
Ho(P) = ng £ 1
al )\m
P oge+ ogz

Taking the limit as o« — oo, and verifying that the second term on the right hand side vanishes, and obtains

lim H,(P)= Aloge,

a—r00

Finally using this result,

M=9" limg o0 Ho(P) _ 2—Aloge _ 6_)\. (216)
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3. The minimum and maximum value of a probability mass function and generalized
Renyi entropy

Application of the generalized Renyi entropy of order «, § is the problem of finding the absolute minimum and
maximum values of a PMF. In the following, we introduce two theorems similar to Theorem 2.3 for generalized
Renyi entropy. We can determine minimum and maximum of a PMF using the limit of the generalized Renyi
entropy instead of the Renyi entropy.

Theorem 3.1. Consider that P = {p1,...,pn} is a probability density function where n could be infinite. The absolute
minimum value of probability in the set, m = min{p1, ..., pn } is given by
m = 27 liMas—oo HS>I§(P), when B is fixed (3.1)

Proof Firstly, we calculate the limit of equation (3) as @ — —o0

1 "oop
lim HSE(P) = lim log 2zi=1 i
a——00 ) a——00 ﬁ — Z?:l prB
1 n n
= lim log » pif —log pf
oA g qls L s 2l
~ lm logi p¢ — lim L 1ogzn:p‘? (3.2)
a——o00 } — « P v a——oco f — —~ 4

Secondly, when a — —o0, the second term on the right hand of equation (18) tends to zero, this is sufficient to find

a——oo f —

1 n
lim log pr‘
i=1

Assume that there exists a minimum probability in the set, given by m = min{p1, ..., pn} = p

. 1 - o . ar/P1ia Pn\a
agryooﬁ_alog;pi = lim o——logm®[()" + ..+ 14+ (22)°]
— ; @ 1 - Pi\a
= Jm gl i g lodl 3 (") )
i=1,i#k
The rightmost limit is clearly zero, which yields finally
. GR _ . alogm
aglllocHaﬁ(P)fagrEloo P log m.

The extension of the proof for two or more minima can be done as follow, Assume we have | minima in the set, let

m = min{p1, P2, ...;Pn} = Pi = Pi+1 = ... = pp where | = k — i + 1, as before we have:
1 n
: GR _ . o
agriloo H@vﬁ (P) = QEIPOO B—a IOg[; 2
: pP1 Pi—1 Pr+1 Pn
= 1 1 (=)~ 4+ ()4 .+ ()
JJm o Togm®[(L )" + (5 5"+ 14 (5 ) 4+ ()
= ag@ooﬁ— logm—i—agrflooﬁ_ logl+0
= —logm
> m =27 i ), 4

The results of theorem 3.1 when « is fixed and 8 — —oc is well established.
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Theorem 3.2. Consider that P = {p1,...,pn} is a probability density function where n could be infinite. The absolute
maximum value of probability in the set, M = max{p1, ..., p,} is given by

M = 27 lima—eo vag(P), when B is fized (3.5)

Proof The limit of equation (3) as & — oo is:

. . 1 n . n
lim Hfg(P) = lim [log Z ps — log Z pf]
i=1 i=1

a— 00 ’ a— o0 ﬁ —

1 n
= lim log Z o
i=1

a—oo f—

o . « pil «a pl «
= al;n;oﬁ_alogM [(M) +...+1+...+(M)]
- lim -2 log M
a—oo 3 — o
= —logM. (3.6)
The proof for two or more maxima can be done as follows:
Assume, the existence of [ maxima in the set givenby p; = ... =p; = M thenk = j —i+ 1 and:
. GR . . ar/P1ya Pi-1\a Pj+1\a Pn o
JE‘;OHa»ﬂ(P) = al;rr;oﬁ_alogM [(M) +...+(7M) +...+k+...+(7M) ++(M)]
. alogM  logk
= 1
a;n;o ﬁ — + ﬁ —
= —logM (3.7)

Finally, solving this equation, we obtain
M =292" lima 00 Hf,}g(P)

The results of Theorem 3.2 when « is fixed and 5 — oo is well fixed.

4. Conclusion

We recalled the results of Alencar and Francisco (1998), using their results we calculated the absolute minimum
and maximum for some given probability mass functions. We also showed that the minimum value of a PMF is
limit of the generalized Renyi entropy of order «, 3 when & — —oo and /3 is fixed and the absolute maximum value
is related to limit of the generalized renyi entropy when oo — oo and £ is fixed.
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