Compare Entropy Functions

See Coupled Functions file for the CoupledEntropy Function.
The Tsallis and Normalized Tsallis entropy functions are related to the non-root form of the Coupled

Entropy
TsallisNormalizedEntropy = (1 + k) CoupledEntropy

TsallisEntropy = (1 + k) Su m(p,-“;)CoupledEntropy

nie4;= TsallisEntropy[dist_, x_, a_:1,d_:1, limits_: {-o, o}, normalize_: False] :=

If[normalize,
(1 +x) CoupledEntropy[dist, x, a, d, limits, False],
. .. limits[2] . Lea
(1 +x) CoupledEntropy[dist, x, a, d, Limits, False] PDF[dist, x] e dlX
Timits[1]

]s

TsallisRootEntropy[dist_, x_,a_:1,d_:1, Limits_: {-», ®}, normalize_: False] :=
If [normalize,
1
(1 +x)« CoupledEntropy[dist, x, a, d, Limits, True],
(L+x)a
Limits[2]

CoupledEntropy[dist, x, a, d, limits, True] PDF[dist, x] " &x dx
Timits[1]

Plot Comparison
Compare entropies when the coupling matches the distribution

nieo)= PlotCoupledEntDist[2]
ousel= SAborted

Aborted because seemed to be taking unusually long; however, next result did complete.

Saved Plot to compare with Dec 17, 2020 update to CoupledEntropy
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nes;= PlotCoupledEntDist[a_] :=
Module[{coupledDist},
coupledDist = CoupledNormalDistribution[0., 1., x]};
Plot][
{
CoupledEntropy[coupledDist, x, a, 1, {-o, ©}, False],
CoupledEntropy[coupledDist, x, a, 1, {-o, ©}, True],
TsallisEntropy[coupledDist, x, a, 1, {-», o}, False],
TsallisEntropy[coupledDist, x, a, 1, {-», ©}, True],
CoupledEntropy[coupledDist, 0, 1, 1, {-», o}, False]
}, {x, 0.01, 4},
PlotLegends » {"Coupled Entropy", "Coupled Entropy Root",
"Tsallis Entropy", "Normalized Tsallis Entropy", "Shannon Entropy"},
PlotTheme - "Detailed",
FrameLabel - {"Coupling (x)", "Entropy"}

1
]

Plot with all entropies taking root
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ne71= PlotCoupledEntDist[2]

—— Coupled Entropy Root
Tsallis Root Entropy
Normalized Tsallis Root Entropy
—— Shannon Root Entropy

Entropy

out[67]=
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Coupling (k)

Saved Plot Dec 17, 2020
note that the Shannon Root Entropy mistakenly had a = 1; should have been 2
and Tsallis entropies did not have the (1+k) term raised to a power which is required

—— Coupled Entropy Root

r Tsallis Root Entropy

e : Normalized Tsallis Root Entropy
—— Shannon Root Entropy

Entropy
[}
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Coupling (k)
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nes;= PlotCoupledEntDist[a_] :=
Module[{coupledDist},
coupledDist = CoupledNormalDistribution[0., 1., x]};
Plot[

{
CoupledEntropy[coupledDist, x, a, 1, {-o, ©}, True],

TsallisRootEntropy[coupledDist, x, a, 1, {-», o}, False],

TsallisRootEntropy[coupledDist, x, a, 1, {-», o}, True],

CoupledEntropy[coupledDist, 0, 2, 1, {-o, ©}, True]

}, {x, 0.01, 4},

PlotLegends - {"Coupled Entropy Root", "Tsallis Root Entropy",
"Normalized Tsallis Root Entropy", '"Shannon Root Entropy'"},

PlotTheme - "Detailed",

FrameLabel - {"Coupling (x)", "Entropy"}

1
]

Compare Entropies for a Cauchy Distribution

1= PlotCoupledEntDist[2, 1]

Entropy of Coupled Gaussian with k = 1

—— Coupled Entropy
Coupled Entropy Root
Tsallis Entropy
—— Normalized Tsallis Entropy
—— Shannon Entropy

Out[«]=
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Coupling (k)

Saved Plot Dec 17,2020
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Entropy of Coupled Gaussian with k = 1

—— Coupled Entropy
Coupled Entropy Root
Tsallis Entropy

Outf#]=
—— Normalized Tsallis Entropy

—— Shannon Entropy

0 1 2 3 4
Coupling (k)

;- PlotCoupledEntDist[a_, xDist_] :=
Module[{coupledDist},
coupledDist = CoupledNormalDistribution[0., 1., xDist];
Plot[
{
CoupledEntropy[coupledDist, x, a, 1, {-o, ©}, False],
CoupledEntropy[coupledDist, x, a, 1, {-o, ©}, True],
TsallisEntropy[coupledDist, x, a, 1, {-», o}, False],
TsallisEntropy[coupledDist, x, a, 1, {-o, ©}, True],
CoupledEntropy[coupledDist, 6, 1, 1, {-x, ©}, False]
}y {x, 06.01, 4},
PlotLegends -» {"Coupled Entropy", "Coupled Entropy Root",
"Tsallis Entropy", "Normalized Tsallis Entropy", "Shannon Entropy"},
PlotTheme -» "Detailed",
FrameLabel - {"Coupling (x)", "Entropy"},
PlotLabel - "Entropy of Coupled Gaussian with x = "<>ToString[xDist]
1
1

Comparison when other entropies also have a root term
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1= PlotCoupledEntDist[2, 1]

Entropy of Coupled Gaussian with k = 1
ol —TTOPy Of LOUP'ed salsslah Wi k= &
6:
—— Coupled Entropy Root
S 4t Tsallis Root Entropy
outfe}= € |
Wl —— Normalized Tsallis Root Entropy
2 E= —— Shannon Root Entropy
0
0 1 2 3 4
Coupling (k)
Saved Plot Dec 17, 2020
Entropy of Coupled Gaussian with k = 1
ol —TTOPY OF LOUP'ed sasslah Wi k= &
6:
—— Coupled Entropy Root
S 4 Tsallis Root Entropy
Outf*]= €
o —— Normalized Tsallis Root Entropy
ol E— —— Shannon Root Entropy
O L
0 1 2 3 4

Coupling (k)
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PlotCoupledEntDist[a_, xDist_] :=
Module[{coupledDist},
coupledDist = CoupledNormalDistribution[0., 1., xDist];
Plot][
{
CoupledEntropy[coupledDist, x, a, 1, {-o, ©}, True],
TsallisRootEntropy[coupledDist, x, a, 1, {-», o}, False],
TsallisRootEntropy[coupledDist, x, a, 1, {-», o}, True],
CoupledEntropy[coupledDist, 0, 2, 1, {-o, ©}, True]
}, {x, 0.01, 4},
PlotLegends - { "Coupled Entropy Root", "Tsallis Root Entropy",
"Normalized Tsallis Root Entropy", '"Shannon Root Entropy'"},
PlotTheme - "Detailed",
FrameLabel » {"Coupling (x)", "Entropy"},
PlotLabel -» "Entropy of Coupled Gaussian with x = " <> ToString[xDist]
1
1

Derivative as a function of coupling for the Coupled Entropy, Coupled Root Entropy, and Tsallis Entropy
1= PlotDerivativeCoupledEntDist[2, 1]
General: 0.01008151" is not a valid variable.
General: 0.09151008142857144" is not a valid variable.
General: 0.17293865285714288 is not a valid variable.
General: Further output of will be suppressed during this calculation.

our - SAborted
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1= PlotDerivativeCoupledEntDist[a_, kDist_] :=
Module[{coupledDist},
coupledDist = CoupledNormalDistribution[0., 1., xDist];
Plot][
DifferenceQuotient]
{
CoupledEntropy[coupledDist, x, a, 1, {-o, ©}, False],
(*CoupledEntropy[coupledDist,x,a,1, {-0,0},True],*)
TsallisEntropy[coupledDist, x, a, 1, {-o, o}, False],
TsallisEntropy[coupledDist, x, a, 1, {-o, o}, True],
CoupledEntropy[coupledDist, 0, 1, 1, {-», =}, False]
}s
{x, 0.01}],
{x, 0.01, 4},
PlotLegends -» {"Coupled Entropy", "Coupled Entropy Root",
"Tsallis Entropy", "Normalized Tsallis Entropy", "Shannon Entropy"},
PlotTheme - "Detailed",
FrameLabel -» {"Coupling (x)", "Entropy"},
PlotLabel »
"Derivative of Entropy of Coupled Gaussian with x = "<>ToString[xDist]

Limit of Coupled Root Entropy

Need symbolic definition of Coupled Root Entropy
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1= Limit[CoupledEntropy[CoupledNormalDistribution[0., o, x¥], k¥, 2, 1, {-, @}, True],

K - o]

. Nintegrate: The integrand

1
|f[;< == 0, PDF[ProbabilityDistribution |
Piecewise[{«2>>}, Times[«5>>]] YWhich[Greater[«2>], «<6>>, Message[«<2>>]]

K20, {x$13681 176, -DirectedInfinity[<«<1>>], oo}, {x$13681 176, 0. + Times[«2>>], 0.

PDF[ProbabilityDistribution[Times[<«<25>], If[<«<3>>]], x]'-Tmes«<3>]
+ V1> }]], X], FuIISimpIify[ [ ! [ [ LI g x ]] VIf[<<1>>]
J‘D\recledlnfinily[<<1>>]PDF[<<2>>]P\us[<<2>>] dy
D

irectedInfinity[<<1>>]

has evaluated to non-numerical values for all sampling points in the region with boundaries {{-, 0.}}.

- Nintegrate: The integrand

;
If{ x == 0, PDF{ Probability Distribution| Al
Piecewise[{«2>>}, Times[«5>>]] YWhich[Greater[«2>>], «<6>>, Message[<«<2>>]]

Kk 20, {x$13681176, -DirectedInfinity[<<1>>], oo}, {x$13681176, 0. + Times[«2>>], 0.
PDF[ProbabilityDistribution[ Times[<<25>], If[<«<3>>]], x]'~Timesl«3>1

+ @}]], x], FuIISimpIify[ ]] NZSES]

irectedInfinity[<«<1>>] Plus[«<2>>]
Jgirectedlnfinity[<<1>>] PDF[<<2>>] dy

has evaluated to non-numerical values for all sampling points in the region with boundaries {{-, 0.}}.

- Limit: Warning: Assumptions that involve the limit variable are ignored.

our-- SAborted

Test functionality of CoupledEntropy

- $Assumptions = -1 < x < ©&&0 < 0 < ©&& {X, k¥, o} € Reals;

;- CoupledEntropy[CoupledNormalDistribution[0, 1, 1], x, 2]
our - SAborted

;- CoupledEntropy[CoupledNormalDistribution[®, 1, 1], #, 2] & /@ {-0.5, 0., 0.5, 1., 1.5}

Integrate : Integral of 3.14159 (1 +y2)1' does not converge on {-o, co}.

outrJ- {—r— 1.5708 ((1+x2)?)" 7 If[(1+x%)7 = 0,

0.5

(n2 (1+x2 2)’1+l<e-s) -1
5

If[ 0.5+ 0, - , Log[72 (1+x2)?]], Undefined] /

0.

(r3.14159 ((l+y2)2)0'5d1y] dx, 2.53102, 2.69962, 2.64159, 2.4964)

Null
Null
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Null
Null

Null

Null
Null

Null
Null

Null
Null

Null



