Numerical routines for
arXiv:1305.1567

“Almost one bit violation for the additivity of the minimum
output entropy”, by Serban T. Belinschi, Benoit Collins, lon
Nechita

1. Main routines
n= ClearAll ["d obal ™ %" ]
inz)= Needs [" Pl ot Legends™ "]

nEr= phi [X_, y_1: = Mdul e[{},
IfIX+y <1, X+y-2xX*y+2x*SQrt[(L-X)* (1-y) *x=xy], 1]

1
diflfk , t_1:=Mdule[{¥l, ¥2, x1, x2, hl, h2},
yl=t+ (1-t)/k"2;
¥2=(1-t) /k"2;
hl = -yl xLog[yl] - (k"2-1) *¥2 xLog[¥2];
x1 =phi [1/k, t];
X2 = (1-x1) /7 (k-1);
h2 = -x1 xLog[x1] - (k -1) »Xx2 %xLog[Xx2];

hl-2xh2
1
di fIHWk , t 1 := Mdul e[{¥l, ¥2, x1, x2, hl, h2},
¥l=t;
¥2=(1-t)/ (k"2-1);
hl = -yl xLog[yl] - (k"2-1) *¥2 xLog[¥2];
x1 =phi [1/k, t];
X2 = (1-x1) /7 (k-1);
h2 = -x1 xLog[x1] - (k-1) »Xx2 %xLog[Xx2];

hl-2xh2
1
difprk_, t_, p_]1:=Mdule[{¥l, ¥2, x1, x2, hl, h2},
yl=t+(1-t)/k"2;
¥2=(1-t) /k"2;
hl =Log[yl"p+ (k"2-1) »y2"p]/ (1 -p);
x1 =phi [1/k, t];
X2 = (1-x1) /7 (k-1);
h2 = Log[x1"p+ (k-1) *x2"p] / (1 -p);
hl-2xh2

1;
difinftyrk_, t_1:=Mdule[{¥l, ¥2, x1, x2, hl, h2},
¥l=t+(1-t)/kr2;

hl = -Log[¥l];
x1 =phi [1/Kk, t];
h2 = -Log[x1];

hl-2=xh2
1:
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2. Trigonometric substitution in the derivative of eq. (40)

me= func = (phi [x, t]1/x-(1-phi[x, t])/ (1-x))/D[phi[x, t], x] -
Log[phi [x, t]1/x]+Log[(1-phi[x, t])/ (1-X)]

outg)= (-1/ <1-x>(1-|f[t X<l x4t -2xt+2(1-x) (1-t)xt, 1” .

1/x|f[t X<l x+t-2xt+2(1-x) (1-t)xt, 1])/

(L-x) (1-t)t - (L-t)xt

If[t+x<1,1—2t+ ,o%

(1-t)t (1-x)x

Log[ (1-|f[t+x<1, X+t -2xt+2V(1-x) (L-t)xt, 1])]-

1-x

1
Log[;lf{t X<l x+t-2xt+2(1-x) (L-t)xt, 1H

mer= Sionplify[D[func, x] /. {t - Cos[r1"2, x->Sin[s]”2}, {O<r, r<Pi /2, 0<s, s<r}]

[Indeterm’nate Cos[r]?2+Sin[s]? =1
Out[9]=
“7 1 _16Cos[rj3Csc[2r -2s]2Csc[2s]%Sin(r -2s] True

3. MOE violations

nioy= Plot [{dif1[181, t], dif1[182, t], dif1[183, t], dif1[184, t]1}, {t, O, 1},
Pl ot Legend » {"k=181", "k=182", "k=183", "k=184"1}, LegendPosition - {1.1, -0.4}]

0.25F

o0k — k=181

o1sk — k=182
ou[10]=

oof — k=183

005k — k=184

0.2 0.4 0.6 0.8 1.C

m= Plot [{difl1l[180, t], dif1[181, t], dif1[182, t],
dif1[183, t], dif1[184, t], dif1[185, t]}, {t, 0.1, 0.2},
Pl ot Legend -» {"k=180", "k=181", "k=182", "k=183", "k=184", "k=185"},
LegendPosition » {1.1, -0.4}]

0.008
— k=180
— k=181
— k=182
Oufill=  0.004

— k=183

0.002 — k=184

— k=185

miz= NMnim ze[{dif1[182, t], O <t <1}, t]
NM ni i ze[{dif1[183, t], O <t <1}, t]

oufizj= {0. 000435891, {t - 0.110163}}
oufiz= {-0.000122982, {t - 0.112406}}
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4. MOE violations with Hayden-Winter bound

4= Plot [{di f1HM180, t], di f1HWM181, t], di f1HWM182, t],
di f1HWM183, t], di f 1HWM184, t], di f1HWM185, t]}, {t, O, 1},
Pl ot Legend -» {"k=180", "k=181", "k=182", "k=183", "k=184", "k=185"},
LegendPosition -» {1.1, -0.4}]

0.25}
t — k=180
0201 — k=181
0.15L — k=182
Out[14]= [ ko183
o10f — k=184
0,05: — k=185
0.2 0.4 0.6 0.8 1.0

nisi= Plot [{di f 1lHW180, t], di f 1HM181, t], di f IHM182, t ],
di f 1HW183, t], di fiHwW184, t], di f1HWM185, t1}, {t, 0.1, 0.2},
Pl ot Legend -» {"k=180", "k=181", "k=182", "k=183", "k=184", "k=185"},
LegendPosition » {1.1, -0.4}]

— k=180

0.006 — k=181

— k=182

Out[15]=
VIS 0004 — k=183

— k=184
0.002

— k=185

. .
0.18 0.20

M 016

6= Pl ot [{di f 1HW180, t], di f 1HM181, t], di f IHM182, t 1],
di f 1HWM183, t], di f 1H\M184, t], di f 1HW185, t]}, {t, 0.1, 0.14},
Pl ot Legend » {"k=180", "k=181", "k=182", "k=183", "k=184", "k=185"1},
LegendPosition » {1.1, -0.4}]

0.0015 |

Out[16]= 0.0010

0.0005

00025
— k=180

00020 F
/ — k=181

—0.0005

—-0.0010

wi7- NM nimi ze[{di f IHW{182, t], O <t <1}, t]
NM ni mi ze[{di f IHW{183, t], O <t <1}, t]
NM ni mi ze[{di f 1HM184, t], 0 <t <1}, t]

ouri7= {0. 000659372, {t - 0.110149}}

ourigl= {0. 0000983977, {t - 0.112396}}

oufio)= {-0.000467132, {t - 0.114597}}

k=182
k=183
k=184
k=185
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5. MOE violations for t=1/2
meop= Plot [di f1[k, 17271, {k, 2, 500}]

0.8
0.6 -
04+
out[20]= r

02+

100 200 400 500

n1= Fi ndRoot [di f1[k, 1/2], {k, 100}]
ouz= {k - 275. 801}

6. MOE violations for t=1/k

nzzp- Plot [diflfk, 1/k], {k, 2, 1000}]

Out[22]=

i 0 MOMOO
na= Fi ndRoot [di f1[k, 1/k], {k, 100}]

out23= {k - 431. 819}

7. MOE violations at p=2

nea- Plot [{difp[l4, t, 2], difp[15, t, 2], difp[16, t, 2], difp[l7, t, 2]}, {t, O, 1},
Pl ot Legend -» {"k=14", "k=15", "k=16", "k=17"}, LegendPosition - {1.1, -0.4}]

Out[24]=
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8. MOE violations at p=3

nes= Plot [{difp[1l2, t, 31, difp[13, t, 31, difp[l4, t, 31, difp[l5, t, 31}, {t, O, 1},
Pl ot Legend -» {"k=12", "k=13", "k=14", "k=15"}, LegendPosition - {1.1, -0.4}]

0.2 — k=12
\ — k=13
Out[25]= 011}
— k=14
\ — k=15
‘\’/
—01f \
\_

9. MOE violations at p=4

nee;= Plot [{difp[l1, t, 41, difp[1l2, t, 4], difp[13, t, 4], difp[1l4, t, 41}, {t, O, 1},
Pl ot Legend -» {"k=11", "k=12", "k=13", "k=14"}, LegendPosition » {1.1, -0.4}]

0.3
0.2 — k=11
| —  k=I2
Out[26]= 0.1 |
\ — k=13
— k=14

-0.1

10. MOE violations at p=co

ne7= Plot [{difinfty[11, t], difinfty[12, t], difinfty[13, t], difinfty[14, t1}, {t, O, 1},
Pl ot Legend » {"k=11", "k=12", "k=13", "k=14"}, LegendPosition - {1.1, -0.4}]

03
— k=11
0.2
— k=12
Out[27]= |
0.1n| — k=13
— k=14




