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Program on HP 67 calculator for Gu

both p and v are odd.

f LBL A 36
h x%y 37
h CF 0 38
2 39
* 40
STO A 41
g FRAC 42
f x=0 43
hSFO by
h ny(// us
2 46
: 47
STO B 48
h F? 0 49
h RTN 50
g FRAC 51
h N! 52
h RTN 53
f LBL B 54
STO C 55
h x2y 56
RCL A 57
h ST I 58
X 59
STO 6 60
RCL B 61
+ 62
STO+6 €3
1 6L
STO 4 65
STO 7 66
RCL 6 67
- 68
STO D 69
RCL B 70

STO 5

h yx

h ijy
h F? 0
GTO 3

RCL A
1

+

STO §

RCL 6

RCL A
hy
STO 4
RCL D

RCL B

h ST I
f x=0
GTO 2
f LBL 3
h ijy
STO-4
RCL 5§

RCL 7

h F? 0
GTO 4
STO+4
RCL D

GTO §
f LBL &
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b

RCL 6
f LBL 5

STO+5
STO+7
f DSZ
GTO 3
f LBL 2
h xzjy
STO E
RCL C
f LBL C
f x30
GTO 1
RCL 4
h RTN
f LBL 1
ENTER

STO C
CHS
g e
STO 2
RCL 4
STO O

STO 1
RCL E
h ST I
RCL §
STO 8

STO 8
RCL A
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vf;u when not

STO 3
f LBL 6
h RC I
STO-0
RCL 9

RCL 3

RCL 6

h ST I
RCL 8
RCL C

STO+2

STO+3
STO+8
STO+9

EEX

RCL 2
RCL O

STO+1
g x>y
GTO 6
RCL 1
h RTN
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Abstract.

A routine for computing the cumulative eccentric Fisher
distribution is developed in the case when at least one of the
degrees of freedom is even. Programs on the Hewlett-Packard

calculators HP-25 and HP-67 are included.



1. Some relations between distribution functions.

1 A. Let bn(x;p) and B, (x;p) denote the binomial

probabilities
o) = (DVaX(4_n\2=X
(1) b, (x5p) = (()p"(1-p)
X
(2) B (x;p) = jzobn(j;p)

with x=0,1,e0ey,n and n=0,1,25ee0 &
We extend these definitions in two directions: -

i) x=0,1,4++,[n] 3 0 < n <co,

We still use (1) and (2) as definitions.

li) n-x=0,1,2,.-. ;O_<_X<03o

bn(x;p) and Bn(x;p) are defined by

b_(x;p)

n b, (n-x;1-p)

B _(x;p)

) 1-Bn(n—x—1;1—p).

The following relations are easily verified:

(3) B,,q (x3p) = B (x;p) - pb_ (%;D)
(4) 0,44 (23P) = 525 (1-p)b, (x5p)
(5) B (x+1;p) = B, (x;p) + b, (x+1;p)

n+1

(6) bn+1(X+1$P) = 1 an(X§P) .



1 Bs For the Poisson probability
X
b(X;)\) =‘>');Te A ’ X?O,1’2,oco
we have
(7) p(x+13)) = 2 dxsA).

1 Co Let KLL V(g) be the central cumulative distribution of
b

the ratio between chi-squares with p and v degrees of freedom,

and let
B,y =1 -8 (e
We have
(8) K, ,(e) = B, ()
) ) -2 i
(9 H,,v(8) = dt.
_ , By v 1V
T(2)I (2) g (1+t) 2
Substituting z = T%? in (9) gives
rEy 1 B 3 -1
(10) (g) = 2 z°  (1-z)° dz.
v T T e
1+g
By partial integration we get
I‘(EL";Y.) B oo hY
= 2 _E_)2 132
(11) Hp.,\)(g) I‘(%)r(-}é— +1) (1"’8) (1"'8) + H\-l"2,\)+2(g)‘
(10) gives
N ahd
(12} H2,L.l+\)"2(g) = ('—]—_'__é' .



When p is even, we get
= E- -18
(13) B (e) = B & -1i582)

by solving the difference equation (11) with the initial condition

(12).

When v is even, we have

| _ 1y o q - vo_i. 1
Hp.,\)(g) = KV,H(E’;) = 1 B]!'f\) iy 5 1r1+g)
2
= B &
B] +V -1(2 1’1+g)!
2

so that (13) is valid in this case too.

1 De Let GH v(f;k) be the cumulative eccentric Fisher distri-
’
bution with g and v degrees of freedom and eccentricity A.

We will assume that either u or v is even. Then we have

Gy, (E50) = BK, oy | (£5),
A

where I is Poisson distributed with EI = S This gives

Gp’v(f;k) = EK o1, (f %) =

E (% -1 ) =

) =
B, w21 F E%rh)_1+1 5 Vi
2

® A

T b(i;3) B X - .

i=o ( g ng —1+i( 2 TVl )

Lefting
Wl LA vV V .

(14)  a, = b(i;5) B (%5 =15===) , 1i=0,1,¢44,

i 2 Egv i 2 v+iu
we have

O

(15) Gp’v(f;k) = iio a;
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2. How to compute Gu (L2 ).
?
2 A. To compute Gp v(f;l), we compute the a;'s successively,
’
adding them, until they start decreasing (they may first increase)

and become insignificantly small.

2 B. We suggest the following routine for computing the ai's:

Compute b(O;%),

(% -1;~

2 v+fp)

Y 1

v+ TU+y -1
Pl

and B (V

U4y v+fp)
2

]
o

i

~
-

\
Compute a;

by (14)
\V,

i=1i#1
Y

Compute

v
i Zv "1+1( 1,V+fp

=)

by (3)
Y

Compute
-—\)—— * (.\_), _1 .__\)___)

v+iu bH+v —1+i 2 A Pyv+fp
2

by (4) ]
Compute
b(l,z)
by (7)




2 C. To compute ~) and

2. b (=

VAL Ty 2 ’v+fp
el

v (? 15v+fﬁ) there are several ways to go. We suggest

the following:

Case i). u is even,

Start with

B, (21;v+fp) 1

g 3
A" Vv n_..Y..... _ ‘V o
vimr By (e = ()" s

5=
v v v v

then compute B (%-1;:%~) and —==- b (O P

%—1+j AT V+IH %—1+j RV

recursively, using (3) and (4), until j = % .

Case iiz. v is even.

Start with

B (1) = O
v L %
. — __n_}__“ °
H%(O;vjﬁj) = (v+fp)
then compute B ,.(ji;=—) and Yo b (=) recursively
L+J YT v+ v+1j %+j v+ _ !
using (3), (5), and (6), wntil j = 3-1 .
Alternatively, compute B (%—1;£§%;)

it as described in case i), and use that

o, d
fu+y qigg_1<2 1’fp.+\))

Begv (2' ’v+‘fp B (% Tgi‘)



zf*‘-%_(% e

R .
U S o

2 D, The following theorem (Sverdrup (1976)) gives an
upper bound for the inaccuracy we get by adding only a

finite number of ai's .

Theorem: Let m>% . Then

N
(16) Y a.<a_ - .
i=m+1 1 m‘m,?

Proof: By (3) we see that B 1 (x;p)<Bn(x;p) . We get

O
S a, = >: b(id)B (%1 jutee )<
i=m+1 1 i=m+1 2 E--2——1+i 27 Vi
Ay 1
(3~1 559 T _f_’g__)_ M =
7?~4+m PO i=m+1
A
co Ayi=m (ae] . >
ay I ('g)_ <« T (AT “‘25: ,
*{=m+1 “(1-157 j=m+1 & Mty

Q.E.D.

Suppose that we want the inaccuracy to be less than a
fixed € ., By the theorem, this could be achieved by adding

the ai's wmtil

a <( —1)e ,
2
2 B, Sverdrup (1976) describes how a program for the
cumulative eccentric Fisher distribution can also be used
to computations on the eccentric chi-square and Student distri-

bution. He also gives programs on HP-25.



Guenther (1975) gives a computational routine for the
cumulative eccentric Fisher distribution when the cumulative

central Fisher distributicn is pre-programmed.

3. ZPrograms on_ HP-25 calculator.

3 A, Program for G (f;\) when u is even.

__________________ L, \EiAL__when W 1S even
1 STO 3 17 5102 33 Ly

2 CHS i 18 STO 5 34 GTO 19
3 g % 19 RCL 0 35 RCL 4

4 STO 4 20 STO-5 36 RCL 5

5 RCL 2 21 1 37 X

6 RCL 2 22 STO+6 38  STO+T7

7 RCL 1 23 RCL 2 39 f PAUSE
8 RCL O 24 RCL 6 40 RCL 3

9 x 25 4 41 RCL 6
10 + 26+ 42 RCL 1
11 = 27 RCL 1 4% £ INT
12 STO-1 28 g TRAC 44 -
13 RCL 2 29 x 45 &
14 £ y* 30 STO.x 0 46 STOX 4
15  STO O 31 RCL 6 47  GTO 19
16 1 52 RCL 1

Y
Set: f REG, £, STO 0, %, ST0 1, 3, STO 2, %, R/S .

Observe the number shown by pause until it starts decreasing

and becomes insignificantly small. R/S, RCL 7 gives Gu,v(f;k) .



Registers:
v v Y
0 v Py, i)
o= +d
1 B .Y
2 v+iu
v
3 A
2

4 u(iH%)

Vo, V
5 B%_“j(-g—‘t,m)

6 J
%
L oay
i=o

As the present program has a more convenient input than
the program in 3 B, we recommend the present one to be used
when both p and Vv are even.

For the same reason the present program is preferable
in the sentral case when u 1is odd and Vv is even, by using

the relation

1
G (£) = 1-G.  (z) .
H,v( ) V:U(f)



2_B.__Program for G, (£;)) when v__is even.

1 8TO 4 17 GTO 26 33 STO+4

2 fy* 18 - 34 STO+1

3 RCL 2 19 & 35 RCL 0
4 g e* 20 1 36 RCL 4
5 ¢ 21+ 37 %

6 STO+6 22 RCL 5 38+

7 1 23 ST0-6 39 RCL 3
8 STO-1 24 x 40 x

9 RCL 3 25  GIO 06 41 RCL 2
10 - 26 STO-1 42 RCL 1
11 X 27 RCL 6 43 4
12 ST0 5 28  5T0+7 44 STOX 6
13 RCL 4 29 f PAUSE 45 x
14 RCL O 30 ROL 5 46 STOX 5
15 RCL 1 31  STO-6 AT GTO 27
16 g x<0 32 1

Set: fQua, Y-1, SIO 0, STO 1, %, STO 2,-ﬁ§f§, sT0 3, %, R/S .

Observe the number shown by pause until it starts decreasing

and becomes insignificantly small.

Gp’v(f;k) .

Registers:
v,
O ‘2 1

v -
5-1—3;1

R/S, RCL7 gives
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2 %

5 i

4 %+i

Z ?)“-i-:i.)a b(O;%‘-) bu+.(j;vzm);v+\f)‘p b(i;%) b1,1+\) . }2)“1;'{)—}3{1')
5+ “?""1+l

e.).\ 3 -__V_A__V... .
6 b(O,g) B%-i_j(:lvv,,_fu 125

3 C. Example. u =4, v=26, f=4,5337, \ =4,
The following numbers are observed by pause:

0.12857, 0.24305, 0.22541, 0.13701, 0.0615%, 0.,02182,

0.00637, 0.00158, 0.00034, 0.00006, 0.00001, 1.67-107° .

R/S, RCL 7 gives G, (f;M) = 0.82576. By (1) the
’

2 6

inaccuracy is less than = «1,67.107" = 3.70°1O—7 .
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4, Program on HP-67 calculator for G‘_1 vf;u) when not
1
both "y and v, :are odd.

1 f LBL 4 36 STO 5 71 RCL 6 106 +
2 nh¥2y 37 h oy~ 72 X 107 STO 3
3 hCFO 38 h.ysy 73 f LBL 5 108 £ LBL
4 2 39 h F? Q 74 1 109 “h RCL
5 % 40 GTO 3 75 STO+5 110  STO-0
6 STO A 41 RCL A 76 STO+7 111 RCL 9
7 g FRAC 42 1 77 £ DS2 112 x
8 f x=0 43+ 78 GTO 3 113 RCL 3
9 hspoO 44 STO 5 79 t LBL 2 114
10 h x2y 45 RCL 6 80 h xSy 115 RCL 6
11 2 46 RCL A 81 STO & 116
12 & 47 ny¥ 82 RCL C 117 h STO
13 STO B 48 51O 4 83 f x40 118 RCL 8
14 h P? O 49 RCL D 84 GTO0 C 119 RCL C
15 h RTN 50 X 85 RCL 4 120 +
16 g FRAC 51 RCL B . 86 h RTN 121 STO+2
17 h N! 52 1 87 f LBL C 122 1
18 h RTN 5% - 88 ENTER 123 ST0+3
19 £ LBL B 54 h STO I 89 2 124 STO+8
20 STO C 55 £ x=0 90 + 125  ST0+9
21 h xSy 56 GTO 2 91 STO C 126 -
22 RCL A 57 f LBL 3 92 CHS 127 EEX
23 h STO I 58 niSy 93 g e* 128 5
24 X 59  STO-4 94 8TO 2 129 =
25 STO 6 60 RCL 5 95 RCL 4 130 RCL 2
26 RCL B , 61 «x 96 STO 0 131 RCL O
27 + 62 RCL 7 97 X 132 X
28 STO46 63 + 98 STO 1 133 STO+1
29 1 64 h T? 0 99 RCL E 134 g x>y
30 STO 4 65 GTC 4 100 h STO I 135 GTO 6
31 STO 7 66 STO+4 101 RCL 5 136 RCL 1
32 RCL 6 67 RCL D 102 STO 9 . 137 h RIN
33 - 68 X 103 1
34 STO D 69 GTO 5 104 STO 8

35 RCL B_ 70 £ IBL 4 105 RCL A
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This program may be used if either yu or v 1is even.
The program is normally recorded on a magnetic card, It is

executed by the following routine:

1. Enter both sides of the magnetic card.

2, Setip , ENTER, v , A . If none of them are even,ERROR will
appear.

3, Set:y f , ENTER, A , B,
Fh,v(f;x) is then calculated. This step may be repeated
for new values of f and X .

4, To repeat the calculations for new values of A\ only, Jjust
enter the new value of A at C . This saves especially
much time because it is not necessary to calculate new

valucs of the central fisher distribution.

The calculations are interuptet when ai<(§-1)e « The value

of e is set to 1077 which should give at least 4 signi-
ficant decimals, but this may be changed to 1071 by replacing
5 step 128 by n .

The following registers are used:

B o3
C A
D \%
vV +Ig
v v
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° Py Uiy
2
| Fuyv(f;))
2 b(§;3)
93
3 2+1+3
. A% V
4 B igustemee)s B oo
%+1+i( 'v4-fp)’ §+i(2 * v+

fg"
5 I
7 i+
8 j+1

Register C¢,0,1,2,3,7,8,9 and the protected registers may
be used freely without destroying the intermediat answers,

but the others may not.
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