
3 Fortran
�

3.1 �����

�'(���Üh·Üð7jk¶��FCÜhd'(��nZ (Ý¯°Z
Oq )7��-Md'(�J¯°ZOq7!*n = 3,n = 6��\��n-
cú77`��@jkÜh�X��JRv7�½¶n = 2«7Üh½xRLh

do k2=1,I

do k1=1,I
...

end do

end do

¶n = 3«7äÜh�>xRLh

do k3=1,I

do k2=1,I

do k1=1,I
...

end do

end do

end do

H#jkX��JÜhlª�J���q\
���R)N��*
A��*

I∑
Kn=1

. . .

I∑
K2=1

I∑
K1=1
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B��*

In∑
K=1

CNO��J�ë In?7jkwd ¡� 1-1�¢@�qT : N → Nn7dI��B

KZ¨©ÈK1, K2, . . . , KnZ7äA7BW��`cx�£qr\îï���A

ðK1 = k1, K2 = k2, . . . , Kn = kn7��¶M���Bð¤Bëk?7ä

k = k1 + (k2 − 1)× I + (k3 − 1)× I2 . . . + (kn − 1)× In−1

= k1 + k2 × I + k3 × I2 + . . . + kn × In−1 − (1 + I + I2 + I3 + . . . + In−1) + 1

= k1 + k2 × I + k3 × I2 + . . . + kn × In−1 + 1− In − 1

I − 1
(3.1)

¥,_
k − 1 +

In − 1

I − 1
= k1 + k2 × I + k3 × I2 + . . . + kn × In−1

�
L = k − 1 +

In − 1

I − 1

ä

L÷ I = h1nk1

h1 ÷ I = h2nk2

h2 ÷ I = h3nk3

... =
...

hn−2 ÷ I = hn−1nkn−1

hn−1 ÷ I = 0nkn (3.2)

�� (3.1)Ø (3.2)h7jkcx ¡ÈT�q7Tc�kØ (k1, k2, . . . , kn)¬èqr\

�·�FortranÜh¦7§¨jk� indexïJ½
 1:;7���©$��
Þ��I¤¥7 !�*¶jkïJ I = 3�n = 4«7C«k = 3��-H��
index(3, 1, 1, 1)7Gw��©$�

L = 3− 1 +
34 − 1

3− 1
= 42
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42÷ 3 = 14 . . . 0

14÷ 3 = 4 . . . 2

4÷ 3 = 1 . . . 1

1÷ 3 = 0 . . . 1

�Ëjk_� index�- (0, 2, 1, 1)7HÖ÷jkl{E\lxj��©$�
Kè�RLª7Lª¶ kj½ 0«7C«� kj�è I7��i�hjªc·«�×
�áË��=xR×�7xá1uív��*

L = 3− 1 +
34 − 1

3− 1
= 42

42÷ 3 = 14 . . . 0

C«�14− 1 = 13�0�½37ä

13÷ 3 = 4 . . . 1

4÷ 3 = 1 . . . 1

1÷ 3 = 0 . . . 1

lx�Ëjk_�`�-index(3, 1, 1, 1)\

�'(��¬qX��J¤¥«7jk��á �½����7MÄ�A
®��Ë'Ý��T�qØ�LªPQ�kqr� (k1, k2, . . . , kn)7jk�¯cx�
C����g_@n¬��\
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3.2 ��(overflow)

¶jk��Üh¨©���ÌË5q«7�¨°�`-!"¤¥7tOuí
v�*
îï¯°Oq½1(k = 1)745,q (I)½3� r1 = 1«7�

a =




100

200

300


 �b =




50 50 100 100

50 50 100 100

50 50 100 100




x (2.5)hcx�Èjkθ1ÌË5q½

Eθ1 =
3∑

m=1

Am

A+

· a1 + δm
1∑3

i=1 ai + δm
i

=
A1

A+

· a1 + 1∑3
i=1 ai + 1

+
3∑

m=2

Am

A+

· a1 + δm
1∑3

i=1 ai + δm
i

�ð

A1 = B(a + δ1) ·
I∏

i=1

B(bi∗ + δ11
i∗ )

= B




101

100

100


 ·B




51

50

100

100



·B




50

50

100

100



·B




50

50

100

100




±X²¤7¶jk¨©�B(101, 100, 100)T«7!"¤¥`b³´�¸�qef
=a7�½

B




101

100

100


 =

Γ(101)Γ(100)Γ(100)

Γ(301)

�¨©·ÜðΓ(301) = 300!7HOZ��@�qef=a!"ÿµ\

lxjk��¶�Ð·©�vßà!"¤¥\
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îï I = 3, J = 4, k = 17jk��(2.5)cx_�

Eθ1 =
3∑

m=1

Am

A+

· a1 + δm
1

a+ + 1

=
A1

A+

· a1 + 1

a+ + 1
+

A2

A+

· a1

a+ + 1
+

A3

A+

· a1

a+ + 1

=
a1 ·

∑3
i=1 Ai

A+(a+ + 1)
+

A1

A+(a+ + 1)

=
1

a+ + 1
(a1 +

A1

A+

)

��7jk�cx_�

Eθ2 =
3∑

m=1

Am

A+

· a2 + δm
2

a+ + 1

=
A1

A+

· a2

a+ + 1
+

A2

A+

· a2 + 1

a+ + 1
+

A3

A+

· a2

a+ + 1

=
a2 ·

∑3
i=1 Ai

A+(a+ + 1)
+

A2

A+(a+ + 1)

=
1

a+ + 1
(a2 +

A2

A+

)

Eθ3 =
3∑

m=1

Am

A+

· a3 + δm
3

a+ + 1

=
A1

A+

· a3

a+ + 1
+

A2

A+

· a3

a+ + 1
+

A3

A+

· a3 + 1

a+ + 1

=
a3 ·

∑3
i=1 Ai

A+(a+ + 1)
+

A3

A+(a+ + 1)

=
1

a+ + 1
(a3 +

A3

A+

)

�¿�ÈÌË5q>��JLh

Eθi =
1

a+ + 1
(ai +

Ai

A+

), i = 1, 2, 3 (3.3)
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KA�×��I = 3, J = 4, k = 2��7��(2.6)hjkcx_�

Eθ1 =
3∑

m1=1

3∑
m2=1

Am1m2

A++

· a1 + δm1
1 + δm2

1∑I
i=1 ai + δm1

i + δm2
i

=
3∑

m1=1

3∑
m2=1

Am1m2

A++

· a1 + δm1
1 + δm2

1

a+ + 2

=
A11

A++

· a1 + 2

a+ + 2
+

A12

A++

· a1 + 1

a+ + 2
+

A13

A++

· a1 + 1

a+ + 2
+ . . . +

A33

A++

· a1

a+ + 2

=
1

A++(a+ + 2)
[A1a11 + 2A11 + A12a1 + A12 + A13 + . . . + A33a1]

=
(A11 + . . . + A33)a1

A++(a+ + 2)
+

2A11 + A12 + A13 + A21 + A31

A++(a+ + 2)

=
1

a+ + 2

[
a1 +

2A11 + A12 + A13 + A21 + A31

A++

]

��7jk�cx_�

Eθ2 =
1

a+ + 2

[
a2 +

A12 + A21 + 2A22 + A23 + A32

A++

]

Eθ3 =
1

a+ + 2

[
a3 +

A13 + A23 + A31 + A32 + 2A33

A++

]

�¿�ÈÌË5q>��JLh

Eθi =
1

a+ + 2

[
ai +

∑I
m1=1

∑I
m2=1(Ii(m1) + Ii(m2))Am1m2

A++

]
(3.4)

�ð Im(x) =





1 , x = m

0 , x 6= m

 Ñ (3.3)hØ (3.4)h7�Q¦¸�k = n7�ÌË5q½xRLh

Eθi =
1

a+ + n

[
ai +

∑I
m1=1 . . .

∑I
mn=1(Ii(m1) + . . . + Ii(mn))Am1...mn

A+...+

]
(3.5)

_�ëÌË5q§háË7wd�¹qA� ,º���,7äcRSTf
I»t-�)!"ÿµ\
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ÔÕ7��I = 37J = 47k = 17r1 = 1

A1 = B(a + δ1) ·
3∑

i=1

B(bi∗ + δ11
i∗ )

=
Γ(a1 + 1)Γ(a2)Γ(a3)

Γ(a+ + 1)
· Γ(b11 + 1)Γ(b12)Γ(b13)Γ(b14)

Γ(b1+ + 1)
· Γ(b21)Γ(b22)Γ(b23)Γ(b24)

Γ(b2+)
·

Γ(b31)Γ(b32)Γ(b33)Γ(b34)

Γ(b3+)

=
a1 ·

∏3
i=1 Γ(ai)

Γ(a+ + 1)
· b11 ·

∏3
i=1

∏4
j=1 Γ(bij)

b1+ ·
∏3

i=1 Γ(bi+)

��7jk�cx_�

A2 =
a2 ·

∏3
i=1 Γ(ai)

Γ(a+ + 1)
· b21 ·

∏3
i=1

∏4
j=1 Γ(bij)

b2+ ·
∏3

i=1 Γ(bi+)

A3 =
a3 ·

∏3
i=1 Γ(ai)

Γ(a+ + 1)
· b31 ·

∏3
i=1

∏4
j=1 Γ(bij)

b3+ ·
∏3

i=1 Γ(bi+)

º®7��I = 37J = 47k = 27r1 = 17r2 = 1

A11 = B(a + δ1 + δ1) ·
3∏

i=1

B(bi∗ + δ11
i∗ + δ11

i∗ )

=
Γ(a1 + 2)Γ(a2)Γ(a3)

Γ(a+ + 2)
· Γ(b11 + 2)Γ(b12)Γ(b13)Γ(b14)

Γ(b1+ + 2)
· Γ(b21)Γ(b22)Γ(b23)Γ(b24)

Γ(b2+)
·

Γ(b31)Γ(b32)Γ(b33)Γ(b34)

Γ(b3+)

=
(a1 + 1)a1 ·

∏3
i=1 Γ(ai)

Γ(a+ + 2)
· (b11 + 1)b11 ·

∏3
i=1

∏4
j=1 Γ(bij)

(b1+ + 1)b1+ ·
∏3

i=1 Γ(bi+)
(3.6)

��7jk�cx_�

A12 = B(a + δ1 + δ2) ·
3∏

i=1

B(bi∗ + δ11
i∗ + δ21

i∗ )

=
a1a2 ·

∏3
i=1 Γ(ai)

Γ(a+ + 2)
· b11b21 ·

∏3
i=1

∏4
j=1 Γ(bij)

b1+b2+ ·
∏3

i=1 Γ(bi+)

A13 = B(a + δ1 + δ3) ·
3∏

i=1

B(bi∗ + δ11
i∗ + δ31

i∗ )

=
a1a3 ·

∏3
i=1 Γ(ai)

Γ(a+ + 2)
· b11b31 ·

∏3
i=1

∏4
j=1 Γ(bij)

b1+b3+ ·
∏3

i=1 Γ(bi+)
...

24



�¦¼Aij·Üðcx=ÿ7Gamma function¦Z�>l½úØ δi9 δmnrn
i∗

>h\���$%D¾¿AijZ\

¶45q½I7� Ð4½J7¯°Zr = (r1, r2, . . . , rn)7Ì1*�a = (a1, a2, . . . , aI)7

b =




b11 b12 . . . b1J

b21 b22 . . . b2J

...
...

. . .
...

bI1 bI2 . . . bIJ



7�

C =

∏I
i=1 Γ(ai)

Γ(a+ + n)
·
∏I

i=1

∏J
j=1 Γ(bij)∏I

i=1 Γ(bi+)

7Ä¨©Am1m2...mn7mi = 1, 2, . . . , I«7���I×J$%D = [dij]7dij =
∑n

k=1 δmkrk
ij 7

J��O�qφa : R → R7

φa(x) =





1 , x = 0

a(a + 1)(a + 2) . . . (a + (x− 1)) , x 6= 0
where a ∈ R

ä

Am1m2...mn =

∏I
i=1 φai

(di+) ·∏I
i=1

∏J
j=1 φbij

(dij)∏I
i=1 φbi+

(di+)
· C (3.7)

x I = 37J = 47k = 17r = (1, 1)7a = (a1, a2, a3)7b =




b11 b12 b13 b14

b21 b22 b23 b24

b31 b32 b33 b34


½

u7¶¨©A117C«

D =




2 0 0 0

0 0 0 0

0 0 0 0




ä

A11 =

∏3
i=1 φai

(di+) ·∏3
i=1

∏4
j=1 φbij

(dij)∏3
i=1 φbi+

(di+)
· C

=
a1(a1 + 1) · b11(b11 + 1)

b1+(b1+ + 1)
· C

C«

C =

∏3
i=1 Γ(ai)

Γ(a+ + 2)
·
∏3

i=1

∏4
j=1 Γ(bij)∏3

i=1 Γ(bi+)
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Ø (3.6)h Ñ7N@��\

��C$%Djkcx��¨©È¹qA7��¹qJ>��,7ä¶jk
�ÀÌË5q«7���,0/7#_�¨©��ª#��Gamma function7�
C��Èÿ!"¤¥\
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