Category 1: invalid operation exception

1. The function gsl sf conicalP _xItl large neg mu e throws an invalid exception
when its input tau=1.0, mu=2.0, x=3.0 at line 221 in file /gsl-
2.7.1/specfunc/legendre con.c: double p = x/sqrt(beta2*(l. 0-x*x) + 1.0);

Because the parameter of sqrt cannot be negative numbers, invalid exception

occurs in this occasion.

int

gal_sf_conicalP_xltl_large_neg_mu_e(double mu, double tau, double x,

{
double
douple
doyple

beta
betaZ
3

gzl_=f_result * result, double #* In_multiplier)

au/ma;
etatbeta;
eta * acoz((l.0-betal)/ (1. 0+betal)) ;

double B = @Fzqrt(betaZ+ (1, O-x#x) + 1.0);

\
oﬁ\rgument value i3 out of valid domain [0, inf) for Function call to =qrt :

e

1

L
-

gzzl_=f_result lg mupl;
int lg_stat = gzl_sf_lngamma_e (mu+l. 0, &lg_mupl):

double
double
double
double
double

if (zum

In_pre
1n_pre
In_pre
1n_pre
Fum

== 0.0y {

result—>wal

result-rerr =
#1n_multiplier

_1
_2
_3

0. B*mu* (S - log(l.0+betal) + log({l.0-pi/(1.04p))) - lg_mupl.wval:
-0, 26 * log(l.0 + betaZ* {1, 0-x));
—tau * atan(p*beta);
In_pre_1 + 1n_pre_2 + ln_pre_3;

1.0 - olver_Ul(betal, p)/mu + olver_UZ(beta2, p)/ (mu*mu);

0.0;
0.0;

=0.0;

return GSL_SUZCESS;

1

elze |

int stat_e = gzl_sf_exp_mult_e(ln pre, sum, result);
if (ztat_e '= GSL_SUCCESS) |
result—>»wal = zum;
result—rerr
*1n multiplier = 1ln_pre;

H

elze

{

= 2.0 * G3L_DEL_EPSILON * fabs(sum};

#ln multiplier = 0.0;

return lg_ stat;

i
i

2. The function gsl cdf laplace Qinv throws an invalid exception when its input
Q=-0.5 at line 67 in file /gsl1-2.7.1/cdf/laplaceinv.c: x = —a * log(2%Q) ;

Because the parameter of log cannot be negative numbers, invalid exception

occurs in this occasion.
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24 #include <gsligsl_cdt. h>
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double
gsl_cdf_laplace Pinv (const double P, const double a)

double x;

if (P ==
i

return

.0}
GSL_POSINF:

i
else if (F == 0.0}
i

return GSL_NEGINF

if (P < 10.5)
i

x

a ¥ log (24P);

—a * log{2*{1-F}};

return x;

H

double
gsl_cdf_laplace Qinv (comst double Q, const double a)
{

double x:

.0}

eturn GSL_POSINF;

1.0}

else if (Q
i

eturn GEL_NEGINF:

if (@ < 0.5)

= ﬂlug(z*g)

°Argumm valne is ant of valid domsin [0, mf) for funotion oall to lng B
——

f

X

Category 2: overflow

4. The function gsl sf conicalP xI1tl large neg mu e throws a overflow exception
when its input tau =1.23el189,mu=le-2 at line 219 in file /gsl-
2.7.1/specfunc/legendre con.c: double beta2 = betakbeta;
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Category 3: underflow
5. The function gsl sf bessel Jnu asympx_e throws an underflow exception when
its input nu=l.23e-189, x=1.0 at line 217 in file /gsl-

2.7.1/specfunc/bessel.c:  double mu = 4. 0%nuknu;
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/project/gs1-2. 7. 1/specfunc/legendre_con.c [

int

double xi = scosh x;

douple ln_xi_pre;
doyple ln_pre;
doyble sumf, sumB, sum;

ble arg:
|_sf_result J_mupl;
gfl_sf_result Jomu:
uble J_muml;

2% < GSL_ROOT4_DEL_EPSILON) |
Infxi_pre = —xi®xi/6.0:

else {
gsl of result lnchxi;
gl_gf Insinh_s(xi, &lnshai);

In xi_pre = log(xi) - Inshxi.val:

ol’lall:\na sl s bessal Tmu s’ >

g=1_<F besse]_Jm_s(m

sumA = 1.0 — olver Al xi(-mu xi,

=
=

result—>val = :
result=err = 0.0:
#ln_mltiplier = 0.0;
return GSL_SUCCESS:

else {

if(stat_e != GSL_SUOCESS)
razzlz-oval = um
result=berr
*ln_miltiplier = ln_pre:

else [
#*ln_multiplier = 0.0;

gsl_sf_conicalP_xztl neg mu largetsu (const double mu comst double tau,

const double x double acosh_x.
gs]_sf_recult * result, double ¥ In_multiplier)

log(1.0 - xi®xi/6.0) */

/% log(xi/sinh(xi) ®/

&_T mupl)

arg, !'j_-.‘:
Jmuml = =] mupl. vel + 2. Odmu/erg®] mu val;

=)/ (bauktau) ;

/% carsful of mi < 1 %/

sum = Jmu val * susd — xi/teu * J_mml ® sumB;

int stat_e = gsl_sf_exp mult e(ln pre. sum result);

2.0  GSL_PBL_EPSILON # fabe (sux) :



fprojectfgs1-2.7. 1/specfunc/bessel_Jnu.c m

156

ZgE Jnpl = In: '
159 IJn = Jnml

160 }

161 Joupl_Jmu = H

162 szn_Jeu = G3}_SIGN(Jn):

163 Jmuprime_Jmu - Jmupl_Jm

B! zamma = (P - i ime_Jmu) /Q:

Jm = sgn_Jma| * sqre(2.0/(M_PI#x) / (Q + gamsa* (P-Jeuprime_Jmu)}):

66

@

result-3val = Jou #* (sgn_Jnu * GSL_SORT_DEL MIN) / Jn:
result-derr = 2|0 * GSL_DBL_EPSILON * (N + 2.0) * fabs(result->val):

@

= @ @

return GSL_] SELECT 2(stat_CF2, stat_CF1):

176 | int
o £ Entered call from “gsl sf conicalP xgtl neg mu largetau & 3

double mu, const double x, gsl_sf_result * result)

gs-__sf_ues sel_Jmu_elcon:
{

= gzl _sf|sin pi_e(nu result)

= result—>val]
= rezult—>

int cosstatus = gzl _sf_ecos_pi_e(nu, result):

double ¢ = result—>val:

double cerr = result—rerr:

result-»val = s¥fwal + c¥Jval:

result-berr = fabs(c#err) + fabs(s®Jerr) + fabz(cerr¥ival) + fabs(serrkJval);

return GSL_ERROR_SELECT 4(Jstatus, Ystatus, sinstatus, cosstatus):

}

else return gsl_sf bessel Jnupos_e(nu x, result):
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Hankel’ s Asymptotic Expansion - AkS 9.2.5

® >y nukmat]

error ~ 0( ((nwkmu+l)/x) "4 )

empirical error analysis
choose GSL_ROOT4_MACH EPS + x > (mutnu + 1)

This is not especially useful. When the argument gets
large enough for this to apply, the cos() and sin()
start loosing digits. However, this seems inevitable
for this particular method.
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Wed Jun 25 14:39:38 MDT 2003 [G]]

This function was inconsistent since the § term did not
26 to relative order eps’2. That's why the error estimate
originally given was screwy (it didn’t make sense that the
“empirical” error was coming out Ofeps 3)).

With Q to proper order, the error is Ofeps 4).

Sat Mar 15 06:16:18 GMT 2008 [BG]
Extended to use additional terms in the series to gain
higher accuracy.
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» 218—checkscopealpha alpha MulDir 216 ggl_sf_bessel_Jnu_asympx_e(const double nu, const double x, gsl_sf_result * result)
i N 216 |
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220 double P = 0.0:
437218 - checkscopealpha.alpha.MulDi' double @ = 0.0;
5y 17218 - checkscopealpha.alpha.MulDit
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double k = 0, t = 1:
int convP, convQ;

F’P’

do

-2-1-8-2-2-1-1-1-%1-3-%1-%3-1-%-1-3-1-F-%-%-3-1-

Category 4: division—by-zero
6. The function gsl sf bessel Knu scaled asympx e throws an division—by-zero
floating-point exception when its input x=0.0 at line 318 in file /gsl-

2.7.1/specfunc/bessel. c: double r = nu/x;
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2 gal_ef beseel Knu_scaled asyapy_s(const doubls . const double x, gel_sf_result » result)
{

double mu = d. Odmatm

day _eml!wlﬂ
dodple mmd = w5,

double pre = rqn(] FI/(2.0%x))
double T =WvE__x |s the tai nted value which may be zero

o SR, ST )
) A £7362 - checkscopesipha.alpha Scope 19 remltoval = prs ¥ (L 0+ winl/ (8, 09%) + munt*mand/ (125 00xvx))
B & 5362 - chec alpha.Scope 2.0+ G5L_DBL_EPSILON + fabz(result->val) + pre * fabs(D. lérerér);

return GSL_ MSS
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= Inf. unifors in x > 0 [Abranowitz+Stegun, 9.7.7)

The erzor hae the forn uR(t)/mK vhore 0 <= t (= 1.

When 1 ie small, the mm is
2z 40, In fact uwKit)
2 We write

exr N ¢= min(0.025, CU1/{1+(x/m) "2))"3)

therefore

nin(0.29/0u"2, 0.5/ (au"29°2)) <
and this is the general forn.

enpirical error amalysis,
choose % > 60,000 nu

choose x> 10,000 mu
2,000 mu

0D ru

choose  x

Thiz makes sense. For x < nu, the srror will be of the form wN(I)/miK.

Category b5: type conversion

7. The function gsl ran gamma knuth throws an overflow caused by type conversion
exception when its input a=1.23e189 at line 44 in file /gsl-
2.7.1/randist/gamma. c: unsigned int na = floor (a);
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foxoject/gs1-2.T. 1/randist/ganna. ¢ []

40 double

41 gsl_ran_ganma_knuth (const gsl_rng * r, const double a, const double b)
42 1

43 /% assume a > 0 %/

44 wnsigned int na

Lor @) type conversion may cause overflow here

45
46 if(a >= UINT_M&X)
47 {
18 return b % (ganna_large (r, £loor (a)) + gamna_frac (r, a - £loor (ah));:
49
50 else if (a == na)
51 {
52 return b ¥ gsl_ran_gamma_int (r, na)
53
54 else if (na == 0)
55 1
56 return b * ganna_frac (r, a)
'
58 else
{

60 return b ¥ (gslran ganna_int (r, na) + gamna trac (r, - na))
'

69 gsl_ran_ganma int (const gsl_ing * I, const wnsizned int a)

86

o it (a < 12)

68 {

&9 unsigned int i

70 double prod = 1

71

2 for (i=0;1<a; i)

3 {

™ prod %= gs1_rmg_unitorn_pos ()

75 1

6

7 /* Note: for 12 iterations we are safe against undsrflow, since
78 the smallest positive random mumber iz 0(2°-32). This means
79 ‘the smallest possible product is 2’ (-12#32) = 10°-116 which
80 is within the range of double precision. #/

81

82 return -log (prod)

83 }
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