
Pensieve header: Some foundational calculations for Β-calculus.

SetDirectory@"C:\\drorbn\\AcademicPensieve\\2012-04"D;

<< betaCalculus.m

ΒSimplify = FullSimplify;

Unprotect@LogD; Log@E^x_D := x;

K@B@Ω_, Μ_DD := Module@8heads, Ξs, nheads<,

heads = hL@B@Ω, ΜDD;

Ξs = HD@Μ, h@ðDD �. t@s_D ¦ csL & �� heads;

nheads = MapThread@Hh@ð1D * Log@1 + ð2D � ð2L &, 8heads, Ξs<D;

ΒCollect@B@Ω, ΜD �. Thread@Hh �� headsL ® nheadsDD
D;

J@B@Ω_, Μ_DD := Module@8heads, Ηs, nheads<,

heads = hL@B@Ω, ΜDD;

Ηs = HD@Μ, h@ðDD �. t@s_D ¦ csL & �� heads;

nheads = MapThread@Hh@ð1D * HExp@ð2D - 1L � ð2L &, 8heads, Ηs<D;

ΒCollect@B@Ω, ΜD �. Thread@Hh �� headsL ® nheadsDD
D;

8b = B@Ω, Α t@1D h@1D + Β t@1D h@2D + Γ t@2D h@1D + ∆ t@2D h@2DD,

b �� J,

b �� J �� K,

b �� K,

b �� K �� J

<

:
Ω h@1D h@2D

t@1D Α Β

t@2D Γ ∆

,

Ω h@1D h@2D

t@1D H-1+ãΑ c1+Γ c2 L Α

Α c1+Γ c2

I-1+ãΒ c1+∆ c2 M Β

Β c1+∆ c2

t@2D H-1+ãΑ c1+Γ c2 L Γ

Α c1+Γ c2

I-1+ãΒ c1+∆ c2 M ∆

Β c1+∆ c2

,

Ω h@1D h@2D
t@1D Α Β

t@2D Γ ∆

,

Ω h@1D h@2D
t@1D Α Log@1+Α c1+Γ c2D

Α c1+Γ c2

Β Log@1+Β c1+∆ c2D
Β c1+∆ c2

t@2D Γ Log@1+Α c1+Γ c2D
Α c1+Γ c2

∆ Log@1+Β c1+∆ c2D
Β c1+∆ c2

,

Ω h@1D h@2D
t@1D Α Β

t@2D Γ ∆

>

8b = B@Ω, Α t@1D h@1D + Β t@2D h@2DD,

b �� hm@1, 2, 1D,

b �� J,

b �� J �� hm@1, 2, 1D,

b �� J �� hm@1, 2, 1D �� K

<

:
Ω h@1D h@2D

t@1D Α 0

t@2D 0 Β

,

Ω h@1D
t@1D Α

t@2D Β + Α Β c1

,

Ω h@1D h@2D
t@1D -1+ãΑ c1

c1
0

t@2D 0
-1+ãΒ c2

c2

,

Ω h@1D
t@1D -1+ãΑ c1

c1

t@2D ãΑ c1 I-1+ãΒ c2 M
c2

,

Ω h@1D
t@1D H-1+ãΑ c1 L HΑ c1+Β c2L

I-1+ãΑ c1+Β c2 M c1

t@2D ãΑ c1 I-1+ãΒ c2 M HΑ c1+Β c2L
I-1+ãΑ c1+Β c2 M c2

>



8b = B@Ω, Α t@1D h@1D + Β t@1D h@2D + Γ t@2D h@1D + ∆ t@2D h@2DD,

b �� hm@1, 2, 1D,

b �� J,

b �� J �� hm@1, 2, 1D,

b �� J �� hm@1, 2, 1D �� K

<

:
Ω h@1D h@2D

t@1D Α Β

t@2D Γ ∆

,

Ω h@1D
t@1D Α + Β + Α Β c1 + Β Γ c2

t@2D Γ + ∆ + Α ∆ c1 + Γ ∆ c2

,

Ω h@1D h@2D

t@1D H-1+ãΑ c1+Γ c2 L Α

Α c1+Γ c2

I-1+ãΒ c1+∆ c2 M Β

Β c1+∆ c2

t@2D H-1+ãΑ c1+Γ c2 L Γ

Α c1+Γ c2

I-1+ãΒ c1+∆ c2 M ∆

Β c1+∆ c2

,

Ω h@1D

t@1D I-1+ãHΑ+ΒL c1+HΓ+∆L c2 M Α Β c1+I-Α ∆+ãΑ c1+Γ c2 II-1+ãΒ c1+∆ c2 M Β Γ+Α ∆MM c2

HΑ c1+Γ c2L HΒ c1+∆ c2L

t@2D IH-1+ãΑ c1+Γ c2 L Β Γ+ãΑ c1+Γ c2 I-1+ãΒ c1+∆ c2 M Α ∆M c1+I-1+ãHΑ+ΒL c1+HΓ+∆L c2 M Γ ∆ c2

HΑ c1+Γ c2L HΒ c1+∆ c2L

,

Ω h@1D

t@1D HHΑ+ΒL c1+HΓ+∆L c2L II-1+ãHΑ+ΒL c1+HΓ+∆L c2 M Α Β c1+I-Α ∆+ãΑ c1+Γ c2 II-1+ãΒ c1+∆ c2 M Β Γ+Α ∆MM c2M
I-1+ãHΑ+ΒL c1+HΓ+∆L c2 M HΑ c1+Γ c2L HΒ c1+∆ c2L

t@2D IIH-1+ãΑ c1+Γ c2 L Β Γ+ãΑ c1+Γ c2 I-1+ãΒ c1+∆ c2 M Α ∆M c1+I-1+ãHΑ+ΒL c1+HΓ+∆L c2 M Γ ∆ c2M HHΑ+ΒL c1+HΓ+∆L c2L
I-1+ãHΑ+ΒL c1+HΓ+∆L c2 M HΑ c1+Γ c2L HΒ c1+∆ c2L

>

8b = B@Ω, Α t@1D h@1D + Β t@1D h@2D + Γ t@2D h@1D + ∆ t@2D h@2DD,

b �� thswap@1, 1D,

b �� J �� thswap@1, 1D �� K

<

:
Ω h@1D h@2D

t@1D Α Β

t@2D Γ ∆

,

Ω + Α Ω c1 h@1D h@2D
t@1D Α +

Α Γ c2

1+Α c1
Β +

Β Γ c2

1+Α c1

t@2D Γ

1+Α c1
∆ -

Β Γ c1

1+Α c1

,

Ω J1 +
H-1+ãΑ c1+Γ c2 L Α c1

Α c1+Γ c2
N h@1D h@2D

t@1D ãΑ c1+Γ c2 Α HΑ c1+Γ c2L
ãΑ c1+Γ c2 Α c1+Γ c2

ãΑ c1+Γ c2 Β HΑ c1+Γ c2L
ãΑ c1+Γ c2 Α c1+Γ c2

t@2D Γ HΑ c1+Γ c2L
ãΑ c1+Γ c2 Α c1+Γ c2

-Β Γ+Α ∆+
Β Γ HΑ c1+Γ c2L

ã
Α c1+Γ c2 Α c1+Γ c2

Α

>

8b = B@Ω, Α t@1D h@1D + Β t@1D h@2D + ∆ t@2D h@2DD,

b �� thswap@1, 1D,

b �� J �� thswap@1, 1D �� K

<

:
Ω h@1D h@2D

t@1D Α Β

t@2D 0 ∆

,

Ω + Α Ω c1 h@1D h@2D
t@1D Α Β

t@2D 0 ∆

,

ãΑ c1 Ω h@1D h@2D
t@1D Α Β

t@2D 0 ∆

>

8b = B@Ω, Β t@1D h@2D + Γ t@2D h@1DD,

b �� thswap@1, 1D,

b �� J �� thswap@1, 1D �� K

<

:
Ω h@1D h@2D

t@1D 0 Β

t@2D Γ 0

,

Ω h@1D h@2D
t@1D 0 Β + Β Γ c2

t@2D Γ -Β Γ c1

,

Ω h@1D h@2D
t@1D 0 ãΓ c2 Β

t@2D Γ -
H-1+ãΓ c2 L Β c1

c2

>
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8b = B@Ω, Α t@1D h@0D + Γ � H1 + Α c1L t@2D h@1D + Β t@1D h@2DD,

b �� hm@0, 1, 1D,

b �� hm@0, 1, 1D �� thswap@1, 1D,

b �� thswap@1, 0D,

b �� thswap@1, 0D �� thswap@1, 1D,

b �� thswap@1, 0D �� thswap@1, 1D �� hm@0, 1, 1D
<

:
Ω h@0D h@1D h@2D

t@1D Α 0 Β

t@2D 0
Γ

1+Α c1
0

,

Ω h@1D h@2D
t@1D Α Β

t@2D Γ 0

,

Ω + Α Ω c1 h@1D h@2D
t@1D Α +

Α Γ c2

1+Α c1
Β +

Β Γ c2

1+Α c1

t@2D Γ

1+Α c1
-

Β Γ c1

1+Α c1

,

Ω + Α Ω c1 h@0D h@1D h@2D
t@1D Α 0 Β

t@2D 0
Γ

1+Α c1
0

,

Ω + Α Ω c1 h@0D h@1D h@2D
t@1D Α +

Α Γ c2

1+Α c1
0 Β +

Β Γ c2

1+Α c1

t@2D Γ J-1 +
1

1+Α c1
N Γ

1+Α c1
-

Β Γ c1

1+Α c1

,

Ω + Α Ω c1 h@1D h@2D
t@1D Α +

Α Γ c2

1+Α c1
Β +

Β Γ c2

1+Α c1

t@2D Γ

1+Α c1
-

Β Γ c1

1+Α c1

>
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