{$N+}

unit CalcDistSpecFun;

interface

uses Math;

//TODO move this and other support functions in CalcDists into the more general
numerics lib.

//Chaff in here 6/96

const

FLOATEPS = 3.4E-9; // TODO check this since this is old code...

CBRT2 1.2599210498948731647672; { cube root of 2 }

CBRT3 = 1.4422495703074083823216; { cube root of 3 }

D2R = ©.017453292519943295769237; { # radians in a degree }
E = 2.7182818284590452353603; { base of natural logs }
EULERC = ©.5772156649015328606065; { Euler's constant }

LN2 = 0.6931471805599453094172; { natural logarithm of 2 }
LN3 = 1.0986122886681096913952; { natural logarithm of 3 }
LN10 = 2.3025850929940456840280; { natural logarithm of 10 }
LNPI 1.1447298858494001741434; { natural logarithm of PI }
LOG2E = 1.4426950408889634073599; { 1/1n(2) }

LOG1OE = 0.4342944819032518276511; { 1/1n(10) }

M2R = 0.000290888208665721596154; { # rads in a minute }

PI = 3.1415926535897932384626; { plain ol' round pi }

PI_2 = 1.5707963267948966192313; { pi/2 }
PI_4 = 0.7853981633974483096156; { pi/4 }
R1_E = 0.3678794411714423215955; { 1/e }

R1 PI = 0.3183098861837906715378; { 1/pi }

R1_SQRTPI = 0.5641895835477562869481; { 1/sqrt(pi) }

R2 PI = 0.6366197723675813430755; { 2/pi }

R2_SQRTPI = 1.12837916709551257390; { 2/sqrt(pi) }

R2D = 57.295779513082320876798; { # degrees in a radian }
S2R = 0.000004848136811095359936; { # rads in a second }
SQRPI = 9.8696044010893586188345; { sqr(pi) (not round!) }
SQRT_2 = 0.707106781186547524401; { sqrt(1/2) }

SQRT2 = 1.4142135623730950488017; { sqrt(2) }

SQRT2PI = 2.5066282746310005024158; { sqrt(2*pi) }

SQRT3 = 1.7320508075688772935; { sqrt(3) }

SQRT5 = 2.2360679774997896964; { sqrt(5) }

SQRTPI = 1.7724538509055160272982; { sqrt(pi) = gamma(1/2) }
TWOPI = 6.2831853071795864769253; { 2*pi }

type
float = double;
xfloat = extended;

function factorial(n: word): xfloat;



function lnfactorial(n: word): xfloat;

function permutation(n, k: word): xfloat;
function combination(n, k: word): xfloat;

function calcgamma(x: xfloat): xfloat;
function lngamma(x: xfloat): xfloat;

function beta(x, y: xfloat): xfloat;
function lnbeta(x, y: xfloat): xfloat;

function igamma(a, x: xfloat): xfloat;
function igammac(a, x: xfloat): xfloat;
function igammap(a, x: xfloat): xfloat;
function igammaq(a, x: xfloat): xfloat;

function ibeta(a, b, x: xfloat): xfloat;
function ibetap(a, b, x: xfloat): xfloat;
function ibetaq(a, b, x: xfloat): xfloat;

function erf(x: xfloat): xfloat;
function erfc(x: xfloat): xfloat;

implementation

{ IBETACF is a "continued fraction" evaluation of an incomplete
beta auxiliary function. (See HMF: egn. 26.5.8; NR: BETACF ) }

function ibetacf(a, b, x: xfloat): xfloat;

var
am, ap, apb, app, azlast, az, bm, bp, bpp, bz, d, deca, inca: xfloat;
m, tm: longint;

begin
am := 1;
az := 1;
bm := 1;
m:=1;
apb := a + b;
deca := a - 1;
inca := a + 1;
bz :=1 - apb * x / inca;
tm = 2;
d:=(b-1) * x / (inca * (a + 2));
ap :=d + 1;
bp := bz + d;
d := -inca * (apb + 1) * x / ((a + 2) * (a + 3));

app := ap + d;
bpp := bp + d * bz;
am := ap / bpp;
bm := bp / bpp;



azlast := az;

az := app / bpp;

while abs(az - azlast) > (abs(az) * FLOATEPS) do begin
inc(m);
inc(tm, 2);
d:=m* (b -m) *x/ ((deca + tm) * (a + tm));

ap :=az + d * am;
bp :=d * bm + 1;
d:=-(a+m) * (apb +m) * x / ((a + tm) * (inca + tm));
app := ap + d * az;
bpp := bp + d
end;
ibetacf := az

end; { ibetacf }

{ IGAMMACF is a "continued fraction" evaluation of an incomplete
gamma auxiliary function. ( See HMF: egn. 6.5.31; NR: GCF ) }

function igammacf(a, x: xfloat): xfloat;
var
n: longint;
ao, al, be, bi, f, fn, g, glast, na: xfloat;
begin
ao := 1;
al := x;
bo := 0;
1;

bl :=

f :=1;

g = 0;

glast := 1;

n := 0;

repeat
inc(n);
fn := f * n;
na :=n - a;
a0 := (al + a@ * na) * f;
bo := (bl + be * na) * f;
al := x * a0 + fn * al;
bl := x * b + fn * bil;
if (al <> @) then begin

f =1/ al;
glast := g;
g :=bl * f
end;
until abs(g - glast) < (abs(g) * FLOATEPS);
igammacf := g;

end; { igammacf }

{ IGAMMASER is a "power series" evaluation of the incomplete
gamma auxiliary function. ( See HMF: eqn. 6.5.29; NR: GSER ) }



function igammaser(a, x: xfloat): xfloat;
var
d, s: xfloat;
begin
if x = @ then
igammaser := ©
else begin
d :=1/ a;
s := d;
repeat
a :=a
d :=d
s :=s
until abs(d
igammaser :
end
end; { igammaser }
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{ *** interface'd functions in alphabetical order *** }

function beta;
begin

beta := exp(lnbeta(x, y))
end;

function combination;
begin

combination := round(exp(lnfactorial(n) - lnfactorial(k) -

1nfactorial(n - k)))
end;

function iif(p: boolean; t, f: xfloat): xfloat;

begin
if p then
iif = t
else
iif = f
end;

function sgn(const x: xfloat): xfloat;

begin
if x = @ then
sgn := 0
else
sgn := iif(x > o0, 1, -1)
end;

function erf;
var



y, z: xfloat;
begin
if abs(x) < FLOATEPS then
erf := x * R2_SQRTPI
else
if abs(x) > 10 then
erf := sgn(x)
else begin
y = sqr(x);
z := X * exp(-y - SQRTPI);
if y < 1.5 then

erf := z * igammaser(0.5, y)
else
erf := sgn(x) - z * igammacf(0.5, y)
end
end; { erf }
function erfc;
begin
erfc := 1 - erf(x)
end;

function factorial;

const
MAXATYPE = 32;
type
atype = array [0 .. MAXATYPE] of xfloat;
var
a: “atype;
atop: shortint;
j: byte;
begin
a := nil;
atop := -1;
if a = NIL then begin
new(a);
if a <> NIL then begin
ar[oe] := 1;
atop := ©
end
end;
if (a <> NIL) and (n > atop) and (n <= MAXATYPE) then begin
for j := succ(atop) to n do
a*[Jj] := a*[pred(j)] * 3;
atop :=n
end;
if (n <= atop) then
factorial := a*[n]
else

factorial := round(calcgamma(succ(n)))



end; { factorial

}

function calcgamma;

var
y: xfloat;
begin
y =
if x < @ then

exp(lngamma(x));

if not odd(trunc(x)) then

y =
calcgamma
end;

"Ys

function ibeta;
var
y: xfloat;
begin
if x <= 0@ then
ibeta := @
else

=y

if x >= 1 then

ibeta
else begin
y := exp(a
if (x * (a
ibeta :=
else
ibeta :
end
end; { ibeta }

function ibetap;
var

y: xfloat;
begin
if x <= 0 then
ibetap := ©
else

:= beta(a, b)

* In(x) + b * 1In(1 - x));
+ b+ 2)) <= (a + 1) then
y * ibetacf(a, b, x) / a

beta(a, b) - y * ibetacf(b, a, 1 - x) / b

if x >= 1 then

ibetap :=
else begin
y =
if x <= (a
ibetap :
else
ibetap :
end
end; { ibetap }

function ibetagq;

exp(-1lnbeta(a, b) + a * In(x) + b * 1In(1 - x));

+1) / (a + b + 2) then
y * ibetacf(a, b, x) / a

1 -y * ibetacf(b, a, 1 - x) / b



begin
ibetaq := 1 - ibetap(b, a, 1 - x)
end;

function igamma;

begin
if x <= 0 then
igamma := ©
else
if x < (a + 1) then
igamma := exp(-x + a * 1ln(x)) * igammaser(a, x)
else
igamma := calcgamma(a) - igammac(a, x)
end;

function igammac;

begin
if x < (a + 1) then
igammac := calcgamma(a) - igamma(a, x)
else
igammac := exp(-x + a * 1ln(x)) * igammacf(a, x)
end;

function igammap;

begin
if x <= 0 then
igammap := ©
else
if x < (a + 1) then
igammap := exp(-x + a * 1ln(x) - lngamma(a)) * igammaser(a, Xx)
else
igammap := 1 - igammaq(a, Xx)
end;

function igammag;

begin
if x < (a + 1) then
igammaq := 1 - igammap(a, x)
else
igammaq := exp(-x + a * 1ln(x) - lngamma(a)) * igammacf(a, x)
end;

function lnbeta;
begin

lnbeta := lngamma(x) + lngamma(y) - lngamma(x + y)
end;

function lnfactorial;
const
MAXATYPE = 99;



type
atype = array [@ .. MAXATYPE] of xfloat;
var
a: "atype;
j: byte;
begin
a := nil;
if a = NIL then begin
new(a);
if a <> NIL then
for j := @ to MAXATYPE do

a*[]]
end;

if (n < MAXATYPE) and (a <> NIL) then begin
if a*[n] < © then

a”r[n] := lngamma(succ(n));
lnfactorial := a”*[n]
end
else
Infactorial := lngamma(succ(n))

end; { lnfactorial }

function lngamma;
var
s, t: xfloat;
begin
if x < @ then
lngamma := LNPI - 1lngamma(l - x) - 1ln(sin(frac(x * ©.5) * TWOPI))
else
if x < 1 then
lngamma := lngamma(x + 1) - 1ln(x)
else begin
t :=x + 4.5;
t := (x - 8.5) * In(t) - t;
s := 1+ 76.18009173 / x - 86.50532033 / (x + 1) + 24.01409822 / (x + 2) -
1.231739516 / (x + 3) + 1.20858003E-3 / (X + 4) - 5.3682E-6 / (X + 5);
lngamma := t + 1n(SQRT2PI * s)
end;
end; { lngamma }

function permutation;
begin

permutation := round(exp(lnfactorial(n) - lnfactorial(n - k)))
end;

end. { unit specfun/specf87 }



