Get[NotebookDirectory[] <> "RelaxedIncompatibilityMatrices.m"]

Get[NotebookDirectory[] <> "RelaxedAncestralMatrices.m"]

{{¢,1,1,0,1,1,0,0,1,1}, {1,0, 1,1, 06, 1,0, 0, 1, 1},

{1,1,1,1,1,1,1,1,1,1}, {6,1,1,0, 1,1, 0,0, 1, 1},
{1, 0,1,1,0,1,06,06,1,1}, {,1,1,1,1,1,1,1, 1, 1},
{¢,0,1,0,0,1,0,0,1,1}, {6,0,1,0,0,1,0,0,1, 1},
{1,1,1,1,1,1,1,1,1,1}, {2,1,1,1,1,1,1,1,1, 1}}

trees = {"(S1,52)S3 int", '"(S1,S2)S3 anc", '"(S2,S3)S1", "(S1,S3)S2"};
tree$probabilities = {1-EA-t,, EA-t, /3, EA-t, /3, EN-t, /3});

BranchLength["(51,52)S3 int"] = {t1, q[ta], t1, q[ta], t1, ta, 1, to-q[ta], 1};
BranchLength["(S1,S2)S3 anc"] = {t1, t2, 1/3, t1, tz, 1/3, t1, t2, 4/3, 1};
BranchLength["(S2,S3)S1"] = {t1, t2, 4/3, t1, t5, 1 /3, t1, tz, 1 /3, 1};
BranchLength["(S1,$3)S2"] = {t1, t2, 1/3, t1, t2, 4/3, t1, t5, 1 /3, 1};

ParseMatrix[treematrix_, incompatibility_] :=
Boole[Map[SameQ[#, incompatibility] &, MR[treematrix], {2}]]

GetBranchProducts[treel , tree2_, dincompatibility_] :=
If[MatrixQ[MR[StringJoin[treel, ";", tree2]]],
Simplify[BranchLength[treel].ParseMatrix]|
StringJoin[treel, ";", tree2], incompatibility].BranchLength[tree2]],
Simplify[BranchLength[tree2].ParseMatrix[StringJoin[tree2, ";", treel],
incompatibility].BranchLength[treel]]]

GetBranchProducts$AncOnly[treel_, tree2_, incompatibility_] :=
If[MatrixQ[MR[StringJoin[treel, ";", tree2]]],
Simplify[BranchLength[treel].
(ParseMatrix[StringJoin[treel,'U'U tree2], incompatibility] =
RDA[StringJoin[treel, ";", tree2]]).
BranchLength[tree2]],
Simplify[BranchLength[tree2].
(ParseMatrix[StringJoin[treez,'U'U treel], incompatibility] *
RDA[StringJoin[tree2, ";", treel]]).
BranchLength[treel]]]

ParseAMatrix[treematrix_, incompatibility_] :=
Boole[Map[Not[#] &, PossibleZeroQ[AM[treematrix]], {2}]] =
Boole[Map[SameQ[#, incompatibility] &, MR[treematrix], {2}1]
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CullDerivedAncestralProducts[treel_, tree2_, incompatibility_] :=
If[MatrixQ[AM[StringJoin[treel, ";", tree2]]],
Simplify[BranchLength[treel].ParseAMatrix[
StringJoin[treel, ";", tree2], incompatibility].BranchLength[tree2]],
Simplify[BranchLength[tree2].ParseAMatrix[StringJoin[tree2, ";", treel],
incompatibility].BranchLength[treel]]]

CullDerivedAncestralProducts$AncOnly[treel_, tree2_, incompatibility_] :=
If[MatrixQ[AM[StringJoin[treel, ";", tree2]]],
Simplify[BranchLength[treel].
(ParseAMatrix[StringJoin[treel,'ﬁ'u tree2], incompatibility] *
RDA[StringJoin[treel, ";", tree2]]).BranchLength[treez]],
Simplify[BranchLength[tree2].
(ParseAMatrix[StringJoin[treeZ,'U'U treel], incompatibility] =
RDA[StringJoin[tree2, ";", treel]]).BranchLength[treel]]]

AddDerivedAncestralOrdering[treel_, tree2_, incompatibility_] :=
If[MatrixQ[AM[StringJoin[treel, ";", tree2]]],
Total]
ParseAMatrix[StringJoin[treel, ";", tree2], incompatibility] %
AM[StringJoin[treel, ";", tree2]], 2],
Total][
ParseAMatrix[StringJoin[tree2, ";", treel], incompatibility] »

AM[StringJoin[tree2, ";", treel]], 2]]

AddDerivedAncestralOrdering$SAncOnly[treel_, tree2_, incompatibility_] :=
If[MatrixQ[AM[StringJoin[treel, ";", tree2]]],
Total][

RDA[StringJoin[treel, ";", tree2]] =
ParseAMatrix[StringJoin[treel, ";", tree2], incompatibility] *
AM[StringJoin[treel, ";", tree2]], 2],

Total][

RDA[StringJoin[tree2, ";", treel]] *
ParseAMatrix[StringJoin[tree2, ";", treel], incompatibility] *
AM[StringJoin[tree2, ";", treel]], 2]]

fulx_1 =E*-x/ (1-Er-t2);

fr[t_] = Simplify[Limit[Integrate[f,[x] / (t2-x), x], x » t] -
Limit[Integrate[f,[x] / (t2-x), x], x> 0]];

g[t2_] = FullSimplify[Integrate[t* f,[t] » Integrate[fc[x], {Xx, t, t2}], {t, 0, t2}] +
Integrate[t = fr[t] » Integrate[f,[x], {x, t, t2}], {t, 0, t2}]11];

q[x_] :=1-(x/(Erx-1));



A1
A,
A3
Aq
As
Ae
A7

1-(3Logl[2])/4;

1/2 (-qta] +t2) (qt2] +t2);
=4/3- (25Log[2]) /18;

1/9 (3-Logl4]);

2% (ta-q[ta]) *glta];

1/9 (3-Logl2]);

=4/3- (77 Logl[2]1) /72;
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S1xS2$MutationMatrix =

Outer [GetBranchProducts [##, S1xS2] &, trees, trees] -
Outer [CullDerivedAncestralProducts[##, S1xS2] &, trees, trees] +
Outer [AddDerivedAncestralOrdering[##, S1xS2] &, trees, trees];

S1xS2$TreeMatrix = Outer[Times, tree$probabilities, tree$probabilities];

S1xS2$PMatrix = S1xS2SMutationMatrix x S1xS2$TreeMatrix;

S1xS2$MarginalConcordant =

Simplify[(1/2) (Total[S1xS2$PMatrix[[1]]] + Total[S1xS2$PMatrix[[2]]] +

Total[S1xS2$PMatrix[[All, 1]]] + Total[S1xS2$PMatrix[[All, 2]1])];
S1xS2$MarginalDiscordant =

Simplify[(1/2) (Total[S1xS2$PMatrix[[3]]] + Total[S1xS2$PMatrix[[4]]] +

Total[S1xS2$PMatrix[[All, 3]]] + Total[S1xS2$PMatrix[[All, 4111)];

$SAborted

$SAborted

SixS2$ConcordanceRatio = FullS'impl'ify[
S1xS2$MarginalConcordant / (S1xS2$MarginalConcordant + S1xS2$MarginalDiscordant)]

-4 Log[2] +324e?® (1+t1)2-T72e® (1+t;) (4+3tl+3t2)

-36-93Log[2] +324e?% (1+1;)?
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2et
ContourPlot [Slx52$ConcordanceRat'io/ (1 - ] s
3

{t2, 0, 3}, {t1, 0, 3}, PlotLegends -» Automatic,

Contours -» {0.55, 0.65, .75, 0.85, 0.95, 1, 1.05, 1.15, 1.25, 1.35, 1.45},
ColorFunctionScaling » False,

ColorFunction -» ColorData[{"ThermometerColors", {1.6, 0.4}}]]
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L'im'it[L'im'it[SleZ$ConcordanceRat‘io/ (1 - ] » 1> 0], t2 0]

3 (36-4Log[2])
288 - 93 Log[2]

\ 3 (36 -4 Log[2])
288 - 93 Log[2]

]

0.445931

1-0.4459310745427609°
0.554069

S1xS2$S1xS3sMutationMatrix =
Outer[GetBranchProducts[##, S1xS2$S1xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts[##, S1xS2$S1xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering[##, S1xS2$S1xS3] &, trees, trees];

S1xS2$S1xS3$TreeMatrix = Outer [Times, tree$probabilities, tree$probabilities];

S1xS2$S1xS3$PMatrix = S1xS2$S1xS3SMutationMatrix x S1xS2$S1xS3$TreeMatrix;
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S1xS2$S1xS3$MarginalConcordant =
Simplify|
(1/2) (Total[S1xS2$S1xS3$PMatrix[[1]]] + Total[S1xS2$S1xS3$PMatrix[[2]]] +
Total[S1xS2$S1xS3$PMatrix[[All, 11171 +
Total[S1xS2$S1xS3$PMatrix[[All, 2]11)];
S1xS2$S1xS3$MarginalDiscordant =
Simplify|
(1/2) (Total[S1xS2$S1xS3$PMatrix[[3]]1] + Total[S1xS2$S1xS3$PMatrix[[4]]] +
Total[S1xS2$S1xS3$PMatrix[[All, 3]]] + Total[S1xS2$S1xS3$PMatrix[[All, 411])];

S1xS2$S1xS3$ConcordanceRatio = Fullsimplify[Slx52$51xS3$Marg1nalConcordant /
(S1xS2$S1xS3$MarginalConcordant + S1xS2$S1xS3$MarginalDiscordant) ]

2et <4+3t1+3‘t2)
9 (1+t1>

1-

S1xS2$S2xS3$MutationMatrix =
Outer [GetBranchProducts[##, S1xS2$S2xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts[##, S1xS2$S2xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering[##, S1xS2$S2xS3] &, trees, trees];

S1xS2$S2xS3$TreeMatrix = Outer [Times, treeSprobabilities, tree$Sprobabilities];
S1xS2$S2xS3$PMatrix = S1xS2$S2xS3$MutationMatrix » S1xS2$S2xS3$TreeMatrix;

S1xS2$S2xS3%MarginalConcordant =
Simplify|
(1/2) (Total[S1xS2$S2xS3$PMatrix[[1]]] + Total[S1xS2$S2xS3$PMatrix[[2]]] +
Total[S1xS2$S2xS3SPMatrix[[All, 1]1]] +
Total[S1xS2$S2xS3$PMatrix[[All, 2]111)];
S1xS2$S2xS3$MarginalDiscordant =
Simplify|
(1/2) (Total[S1xS2$S2xS3$PMatrix[[3]]] + Total[S1xS2$S2xS3$PMatrix[[4]]] +
Total[S1xS2$S2xS3$PMatrix[[All, 3]]] + Total[S1xS2$S2xS3$PMatrix[[All, 4]11]1)];

S1xS2$S2xS3$ConcordanceRatio = Fullsimplify[Slx52$52xs3$MarginalConcordant /
(S1xS2$S2xS3$MarginalConcordant + S1xS2$S2xS3$MarginalDiscordant)];

S1xS2$S1xS33ConcordanceRatio == S1xS2$S2xS3sConcordanceRatio

True
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2e ™
ContourPlot [SleZ$Sle3$ConcordanceRat'io/ [1 - ] s
3

{t2, 0, 3}, {t1, 0, 3}, PlotLegends -» Automatic,

Contours -» {0.55, 0.65, .75, 0.85, 0.95, 1, 1.05, 1.15, 1.25, 1.35, 1.45},
ColorFunctionScaling » False,

ColorFunction -» ColorData[{"ThermometerColors", {1.6, 0.4}}]]

P a—— -
251 B
201 B
r A 0.95
r N 0.85
151 B 0.75
, 0.65
t 4 0.55
0.0 ™ T T A T A 1
0.0 0.5 1.0 1.5 2.0 25 3.0
2e®

L'im'it[L'im'it[SleZ$Sle3$ConcordanceRat‘io/ [1 - ) » t1»0], t2 0]

1
3

S1xS3$MutationMatrix =
Outer [GetBranchProducts [##, S1xS3] &, trees, trees] -
Outer [CullDerivedAncestralProducts[##, S1xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering[##, S1xS3] &, trees, trees];

S1xS3$TreeMatrix = Outer[Times, tree$probabilities, tree$probabilities];
S1xS3$PMatrix = S1xS3SMutationMatrix x S1xS3$TreeMatrix;

S1xS3$MarginalConcordant =
Simplify[(1/2) (Total[S1xS3$PMatrix[[1]]] + Total[S1xS3$PMatrix[[2]]] +
Total[S1xS3$PMatrix[[All, 1]]] + Total[S1xS3$PMatrix[[All, 2]]1])];
S1xS3$MarginalDiscordant =
Simplify[(1/2) (Total[S1xS3$PMatrix[[3]]] + Total[S1xS3$PMatrix[[4]]] +
Total[S1xS3$PMatrix[[All, 3]]] + Total[S1xS3$PMatrix[[All, 4]111)];
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S1xS3$ConcordanceRatio = Simpli fy[Sle3$Marg1’ nalConcordant /
(s1xS3$MarginalConcordant + S1xS3$MarginalDiscordant)];

S2xS3$MutationMatrix =
Outer [GetBranchProducts[##, S2xS3] &, trees, trees] -
Outer [CullDerivedAncestralProducts[##, S2xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering[##, S2xS3] &, trees, trees];

S2xS3$TreeMatrix = Outer[Times, tree$probabilities, tree$probabilities];
S2xS3$PMatrix = S2xS3SMutationMatrix x S2xS3$TreeMatrix;

S2xS3$MarginalConcordant =
Simplify[(1/2) (Total[S2xS3$PMatrix[[1]]] + Total[S2xS3$PMatrix[[2]]] +
Total[S2xS3$PMatrix[[All, 1]]] + Total[S2xS3$PMatrix[[All, 2]1]1])];
S2xS3$MarginalDiscordant =
S'impl'ify[(l/z) (Total[S2xS3$PMatrix[[3]]] + Total[S2xS3$PMatrix[[4]]] +
Total[S2xS3$PMatrix[[All, 3]]] + Total[S2xS3$PMatrix[[All, 4]111)];

S2xS3$ConcordanceRatio = S'impl'ify[SZxS3$Marg'inalConcordant /
(s2xS3$MarginalConcordant + S2xS3$MarginalDiscordant)];

S1xS3$ConcordanceRatio == S2xS3$ConcordanceRatiio

True
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2et
ContourPlot [Sle3$ConcordanceRat'io/ (1 - ] s

3

{t2, 0, 3}, {t1, 0, 3}, PlotLegends -» Automatic,

PlotRange -» All,

Contours -» {0.55, 0.65, 0.75, 0.85, 0.95, 1, 1.05, 1.15, 1.25, 1.35, 1.45},
ColorFunctionScaling » False,

ColorFunction -» ColorData[{"ThermometerColors", {1.6, 0.4}}]]
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Limit [L'im'it [Sle3$ConcordanceRat'io/ (1 -

w
o

2e

], t; > 0], t; » 0]

~252+89 Log[2]
~192 + 62 Log[2]

S1xS3$S2xS3$MutationMatrix =
Outer[GetBranchProducts[##, S1xS3$S2xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts[##, S1xS3$S2xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering[##, S1xS3$S2xS3] &, trees, trees];

S1xS3$S2xS3$TreeMatrix = Outer [Times, treeSprobabilities, treeSprobabilities];

S1xS3$S2xS3$PMatrix = S1xS3$S2xS3SMutationMatrix » S1xS3$S2xS3$TreeMatrix;
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S1xS3$S2xS3sMarginalConcordant =
Simplify|
(1/2) (Total[S1xS3$S2xS3$PMatrix[[1]]] + Total[S1xS3$S2xS3$PMatrix[[2]]] +
Total[S1xS3$52xS34PMatrix[[All, 1]]1] +
Total[S1xS3$S2xS3$PMatrix[[All, 2]11)];
S1xS3$S2xS3$MarginalDiscordant =
Simplify|
(1/2) (Total[S1xS3$52xS3$PMatrix[[3]]1] + Total[S1xS3$S2xS3$PMatrix[[4]]] +
Total[S1xS3$S2xS3$PMatrix[[All, 3]]] + Total[S1xS3$S2xS3$PMatrix[[All, 411])];

S1xS3$S2xS3$ConcordanceRatio = S'impl'ify[Sle3$SZxS3$Marg‘i nalConcordant /
(S1xS3$S2xS3$MarginalConcordant + S1xS3$S2xS3$MarginalDiscordant)];

2e®
ContourPlot [Sle3$52xS3$ConcordanceRat'io/ [1 - ) s
3

{t2, 0, 3}, {t1, 0, 3}, PlotLegends -» Automatic,

PlotRange -» All,

Contours -» {0.55, 0.65, 0.75, 0.85, 0.95, 1, 1.05, 1.15, 1.25, 1.35, 1.45, 1.55},
ColorFunctionScaling » False,

ColorFunction -» ColorData[{"ThermometerColors", {1.6, 0.4}}]]
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L'im'it[L'im'it[Slx53$52xS3$ConcordanceRat‘io/ [1 - ) » t1»0], t; > 0]

7
3
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N[ -]

3
2.33333

ContourPlot[x+y, {x, 0.5, 0.55}, {y, 0, 1.05},
PlotLegends - Placed[Automatic, Right], ColorFunctionScaling - False,
Contours - {0.55, 0.65, 0.75, 0.85, 0.95, 1.05, 1.15, 1.25, 1.35, 1.45, 1.55},
ColorFunction -» ColorData[{"ThermometerColors", {1.6, 0.4}}]1]
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U e ————
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0.54
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TotalP = Total[S1xS2$PMatrix, 2] + Total[S1xS3$PMatrix, 2] +
Total[S2xS3$PMatrix, 2] + Total[S1xS3$S2xS3$PMatrix, 2] +
Total[S1xS2$S1xS3$PMatrix, 2] + Total[S1xS2$S2xS3$PMatrix, 2];

P$concord = S'impl'ify[(SleZ$ConcordanceRat‘io*Total[Slx52$PMatr'ix, 2] +
S1xS3$ConcordanceRatio » Total[S1xS3$PMatrix, 2] +
S2xS3$ConcordanceRatio » Total[S2xS3$PMatrix, 2] +
S1xS3$S2xS3%ConcordanceRatio * Total[S1xS3$S2xS3$PMatrix, 2] +
S1xS2$S1xS3$ConcordanceRatio » Total[S1xS2$S1xS3SPMatrix, 2] +
S1xS2$S2xS3$ConcordanceRatio * Total [S1xS2$S2xS3$PMatrix, 2]) /

TotalP];
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2e ™t

ContourP'Lot[P$concord/ [1— ], {t2, 0, 3}, {t1, 0, 3}, PlotLegends -» Automatic,

ColorFunction -» ColorData[{"RedBlueTones", {1.05, 0.95}}],
PlotRange -» All, ColorFunctionScaling -» False,
Contours » {0.95, 0.96, 0.97, 0.98, 0.99, 1.00, 1.01, 1.02, 1.03, 1.04}]

Y — s
251 B

201 - 1.00

, 0.99

, 0.98
151 B

, 0.97

1 0.96

1.0 = 0.95
051 B
(Y e ———— L P T R B
0.0 0.5 1.0 1.5 2.0 25 3.0

2et

F'indM'in'imum[{P$concord/ (1 - ], t1>=08&ty; >= 0}, {{t1, 1}, {t2, 1}}]

{0.931998, {t; > 1.86898x10°°, t; - 0.359363}}
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ContourPlot[x +Yy, {x, .945, 1}, {y, 0, .06},
PlotLegends » Placed[Automatic, Right], ColorFunctionScaling -» False,
Contours -» {0.95, 0.96, 0.97, 0.98, 0.99, 1.600, 1.01, 1.02, 1.03, 1.04, 1.05},
ColorFunction -» ColorData[{"RedBlueTones", {1.05, 0.95}}]1]
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ContourPlot[ (Total[S1xS2$S2xS3$PMatrix, 2] + Total[S1xS2$S1xS3$PMatrix, 2] +
Total[S1xS3$S2xS3$PMatrix, 2]) /TotalP, {t,, 0, 3}, {t1, 0, 3},
ColorFunctionScaling - False, PlotRange -» All,
Contours - {6.05, 0.1, 0.15, 0.2, .25, 0.3, 1/3, 0.35, 0.4, 0.45, 0.5},
ColorFunction -» ColorData[{"GrayTones", {0.5, 0}}],
PlotLegends » Automatic]
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ContourPlot[ (Total[S1xS2$PMatrix, 2] + Total[S1xS2$S1xS3$PMatrix, 2] +
Total[S1xS2$S2xS3$PMatrix, 2]) /TotalP, {t2, 0, 3}, {t1, 0, 3},
ColorFunctionScaling - False,
Contours -» {0.05, 6.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5},
ColorFunction -» ColorData[{"GrayTones", {0.5, 0}}]]
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ContourPlot[Total[Sle3$PMatr‘ix, 2] /TotalP, {t2, 0, 3}, {t1, 0, 3},
ColorFunctionScaling - False,
Contours -» {0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5},
ColorFunction -» ColorData[{"GrayTones", {0.5, 0}}]]
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ContourPlot[ (Total[S1xS3$S2xS3$PMatrix, 2]) /TotalP, {t,, 0, 3}, {t;, 0, 3},
ColorFunctionScaling - False,
Contours - {0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5},
ColorFunction -» ColorData[{"GrayTones", {0.5, 0}}]]
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ContourP'l.ot[Total[Slx52$52xS3$PMatr'ix, 2] /Tota'LP, {t2, 0, 3}, {t1, O, 3},
ColorFunctionScaling - False,
Contours -» {0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5},
ColorFunction -» ColorData[{"GrayTones", {0.5, 0}}]]
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ContourPlot[Total[Sle3$52xS3$PMatr'ix, 2] /TotalP, {t2, 0, 3}, {t1, O, 3},
ColorFunctionScaling - False,
Contours » {6.1, 0.15, 0.2, 0.25, 0.3, 1/3, 0.35, 0.4, 0.45, 0.5},
ColorFunction -» ColorData[{"GrayTones", {0.6, 0}}1,
PlotLegends -» Automatic, FrameLabel -» Automat'ic]
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ContourPlot[Total[Slx52$Sle3$PMatr'ix, 2] /TotalP, {t2, 0, 3}, {t1, O, 3},
ColorFunctionScaling - False,
Contours » 5,
ColorFunction -» ColorData[{"GrayTones", {0.6, 0}}],
PlotLegends -» Automatic, FrameLabel -» Automat'ic]
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S1xS2$AncestralP =
(Outer[GetBranchProducts$Anc0n1y[nn, S1xS2] &, trees, trees] -
Outer [CullDerivedAncestralProducts$AncOnly [##, S1xS2] &, trees, trees] +
Outer [AddDerivedAncestralOrdering$AncOnly [##, S1xS2] &, trees, trees]) *
S1xS2$TreeMatrix;
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ContourP'l.ot[Total[Sle2$Ancestra'LP, 2] /Tota'L[Slx52$PMatr'ix, 2],
{t2, 0, 3}, {t1, 0, 3}, PlotLegends - Automatic, FramelLabel - Automat'ic]
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S1xS3$%AncestralP =
(Outer[GetBranchProducts$Anc0n'Ly[m:, S1xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts$AncOnly [##, S1xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering$AncOnly [##, S1xS3] &, trees, trees]) *
S1xS3$TreeMatrix;

S2xS3$%AncestralP =
(Outer[GetBranchProducts$Anc0n'Ly[m:, S2xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts$AncOnly [##, S2xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering$AncOnly [##, S2xS3] &, trees, trees]) *
S2xS3$8TreeMatrix;
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ContourPlot[Total[Sle3$AncestralP, 2] /Total[Sle3$PMatr‘ix, 2],
{t2, 0, 3}, {t1, 0, 3}, PlotLegends » Automatic, FrameLabel -» Automat'ic]

3.0

25

0.9
2.0

0.8

0.5

0.0

o I T T I S T T I S S Y TS R N S N Y N |

o
o
o
[$))
-
o
or
[$))
N
o
N
(&}
w

S1xS2$S1xS3SAncestralP =
(Outer[GetBranchProducts$Anc0nly[nn, S1xS2$S1xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts$AncOnly [##, S1xS2$S1xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering$AncOnly [##, S1xS2$S1xS3] &, trees, trees]) *
S1xS2$S1xS3$TreeMatrix;

S1xS2$S2xS3$AncestralP =
(Outer[GetBranchProducts$Anc0n1y[nn, S1xS2$S2xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts$AncOnly [##, S1xS2$S2xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering$AncOnly [##, S1xS2$S2xS3] &, trees, trees]) *
S1xS2$S2xS3$TreeMatrix;
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ContourP'l.ot[Total[Sle2$Sle3$Ancestra1P, 2] /Tota'l.[Slx52$Sle3$PMatr'ix, 2],
{t2, 0, 3}, {t1, 0, 3}, PlotLegends - Automatic, FramelLabel - Automat'ic]
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S1xS3$S2xS3SAncestralP =
(Outer[GetBranchProducts$Anc0n'Ly[m:, S1xS3$S2xS3] &, trees, trees] -
Outer[CullDerivedAncestralProducts$AncOnly [##, S1xS3$S2xS3] &, trees, trees] +
Outer [AddDerivedAncestralOrdering$AncOnly [##, S1xS3$52xS3] &, trees, trees]) *
S1xS3$S2xS3$TreeMatrix;
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ContourPlot[Total[Sle3$52xS3$AncestralP, 2] /Total[Slx53$52xs3$PMatr'ix, 2],
{t2, 0, 3}, {t1, 0, 3}, PlotLegends » Automatic, FrameLabel -» Automat'ic]
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P$ancestral = Simplify[(Total[S1xS2$AncestralP, 2] +

Total[S1xS3$AncestralP, 2] +
Total[S2xS3$%AncestralP, 2] +
Total[S1xS3$S2xS3%AncestralP, 2] +
Total[S1xS2$S1xS3SAncestralP, 2] +
Total[S1xS2$S2xS3$%AncestralP, 2]) /

(Total[S1xS2$PMatrix, 2] + Total[S1xS3$PMatrix, 2] +

Total[S2xS3$PMatrix, 2] + Total[S1xS3$S2xS3$PMatrix, 2] +

Total[S1xS2$S1xS3$PMatrix, 2] + Total[S1xS2$S2xS3$PMatrix, 2])];
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ContourPlot[P$ancestral, {t,, 0, 3}, {ti1, 0, 3},
ColorFunctionScaling - False, PlotRange -» All,
Contours -» {0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9},
ColorFunction -» ColorData[{"GrayTones", {1, 0.3}}],
PlotLegends -» Automatiic]
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