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i. A simple computation routine?
The FBavesian extensions of the analysis of variance involve several

probability distributions that have not hesn sxtensively investipated at the
present time (sse Lecoutre, 1984). For practical applications we have
undariaken to progean thesa distributions on electronic computers. ke

will consider here the cumulative function of the "psi-sguare” distribution.
The psi-sqguare distribution extends botlt  the classical Student’s t and ths
non—central chi-sguare distributions (see Lecoutre, 1781z Rouanst and
Lecoutre, 1983; Lecoutrs, 1985) and can be characterized as follows

i

1t might be thought that evaluating FGO from an 1130mp19*_ Beta function i

a simple routine computation. Yet our investigations have guickly shown
that thers are serious difficultiss  in the use of the standard libraries
currently available in C.I.R.C.E. (computation centre of the C.M.E.5. in

Oraayi.

Z. First troubles

From the first results we noticed some serious abnormal functioning; even
for the particular case a% = 0, where the ptuhau;l ities Flx} are ocbizinsd by
a single call to the inco mplete Beta function. OFf course, the problem got
worse in the general case where multiple cgila are nesded. S0 we were l=d to
compars  ths incomalete Esta routines of the available libraries (HAG,
IEM-85F, and IMSL). W= then discovered puzzling results, which dramatically
violate the well k-aown propertiss of the Bsta function. In particular 11 was

toalwavs i L the probabilities, as expecied, lay betwssn O and

o -tion of the parameters. »s an illustration table 1

, some probabilivies returned by the routines
and MDRETA (IHMEL). Lampututlan tims {in
ed in parenthesis . The th &

Eri and O {varisd); x denotes th .
Meedless %o say, the routine error codes indicated 1
right, even in thz worst cases (this remark applies

Tabis 1

Femark: since that time, GOIBDE has been corrected (NAG Mark {1y  and now
succsssively returns: G, OhLE5E7, (1, 535524, 1.006000, etc. But probless
still remain {(sse lateri.

Apart from the differences betwsen the routines, some abnormal values
can be SEEn (even if some results are within the precision specified in
the notice - four digiis for GOLIBRDE for instance). In some CirCumsSianCes,
the precesding results could be sufficient; but, as in our case where those
results were intermediate computations, the cumulated “errors” guickly iesad to
unusable final results.



On the othesr handg, we obtained satisfactory results with a routine called
EETA besed upon an  algorithm by HMajumder and Bhattacharjee (1273 {(which
is, surprinsingly, oiven as referenca  in  the NAG documentation about

GOIBDE): of Poitevinesu, 1980.
The outputs of this routine for the preceeding examples are given 1in
table Z.
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F. Betting worse

When the parametsrs are large (1) {i.2. e%ceed a limit chosen by the user}
the first version BETA used the same approdimations as thosze of BDIR: &
chi-sguare approximation and, possibly, a sub Eeqnent normal aporoximation.
Then, in cases where approximations stand, again bad vresults occurred. In
a second version, we obtained approfimations which lpoked good by using the
method given by Peizer and Pratt (1%768).
In table 2 arg shown  SomE important deviations exhibited by the

apprazimations of BDTR.

The first column (BETA) shows the results obtained without approximations
which zsrve as a reference to which other results are compared 2 th third
column (BDTRS with only one entry, permits to check the two roufin =
when no approximaiions are ussd.

A= can bes =E2n, EtTé approximations are very close {'} to the
(w2 ensurs  we didn run twice the routine without  approxime
differsnces p A after ths 7th digity, whilz those of BDTR are surpr
differant: .00, G.1i, G.14 are hardly negligible deviations Tor
probabilities!

Ul

Elate-

For GO1 11y, we also noticed that the appreo vimations ssem o
bhe less prec ally when parameters arz very di fTeseqt;.

Exampiss table 4 f{hers again the first column serve as the
referencel.

fable 4

For HEBETA the computaiion times izt ans think there is no
approximation at all (resultis for the szamples of tables I and 4 are clos:
to  thoss of HETA) . But the resulis . are not convincing when parametsre
become very largs... {(sees table 1},

ihe= BETA function subDrooran (written iry FORTRAW 773 fizs been
implessnted in the gensral library of C.1 R.C.E. {and also the routins
PEIZD, = ‘5121, which respectively cospute ths psi-sguare nrobability
density, pare distribution function, and its inverse).




REFERENCES

Guigues, J.-L. (1962} - Hote  sur le caloul de 1a distribution du
psi-deux. Faris: Groupe Mathématigques et Fsychologie {unpublished).

Lecoutre, B. (1981} - Extensians aa }'analvze de la variance:
1'analyse baygsienna des cComparalisons. Hathematigues =t Boiences
Humaines, 75, 49-4%9.

Lecoutre

e, B. (i984) - L’'Analyse Bayésienne des Comparalisons. Lille: Fresses
Universit

aires de Lille.

Lecoutrs, B. (1985} - Reconsideration of the F test of the analvsis of
variances: The sami-bavesian zignificance test. Communicatians  in
Statisztics, Theory and Methods, 14, 2437 2444,

Mz jumder, K.L., Battacharjee, BG.FP. (1973} - The incomplete Bets
integral. élgorithm AS43. Applied Statistics, 22, 45-411.

feizer, D.B., Fratt, J.W. (178} - A normal approxdimation fa
Binomial, Fa Beta and other COMmMON, related tail probabilities
integral. Journal of the fmarica Statistical fS=0ciation, S
1415614545,

Foitevineau, J. ({1985} - Il y a b&ta et beta (ou NAG, IMS5L, IBH st les
autres). CIRCE Interface, &7, Z341-Z342,

Rouanet, H., bLecoutre, B. (1983} - Bpecific inference in  ANDYE: From
significances tests to Bavasian procedures., British JOLFTiE it

Mathematical and Statistical Psychology, 34, 252-254B.

FOOTNOTES

{1} Even if larges wvalues can sesn rare in practice, they may ocoar
during the compusation of the psi-s distribution function, since €12
aloorithm involves SUCCESS1ivVE Z oistributions with increasing
parametsrs they also can be found in the case of Bayssian infersnce on
frequencies.

(2} A& =imple normal approximation gives .B41Z {(for all rows of courseil.



If u is distributed tp;q(a,lp) (p-variate t distribution
with q <p degrees of freedom, centred around a and of unit

scale matrix Ip) then the variable y? =u'y has a psi-square
distribution with p and qrdegrees of freedom and with

eccentricity a2 =a‘a, which we denote y? ~ w; q(az).

Hence the immediate properties (symbolically written):

w; (a2) = xg(az) (non-central chi-square distribution)
ws’q(O) = pr,q (central F distribution)

From the density function p(w?) of the psi-square distribution,
we can write its cumulative distribution function as a mixture of
usual incomplete Beta integrals (see Guigues, 1982):

F(x) = [ p(p?)dy? = zocjfy<j+g,j+g->

wit .
ith cJ

¥ 2 e

vhere I (j+
i y(J
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p=i0 | GOIBRDE  (HNAG) l EDTR (IEM-55F) | MDBETA (IMSL)

¥=.1 np=30 0. 0466585 (ZE1) 0. 0665 - 06587 (&02
¥=.1 og=%0 0. 525605 (349} 0.535524 (984) U.JTSSET (27}

0.999972 (&11)
0. 999997 (643)
1. 000G (L&34) 0.999%463 (343&)
1 UU”U“U 27 1. 000000 (&6248) 0,.999BEE (&301)
1.GO0o000 (322) G.999292 (Z27404)

a=50 i uuu144 {357} : 3
g=100 1.
a=1010

TGELE 1

¥=.1 a=350 0, 04658 (2E7)
w=.1 =50 0.535524 (292)
©=.3 g=70 1999999 (292)
W= B {274}
i (384)

(421
(2703

U] e

=1 000 G.B41277 — G.841277 s
g=1005 GLBA1E76 $.84127¢6 —=
g=2000 0.841307 0.B84130% =
g=10000 == 0.841353 -

# with uze of approvimation

v=meant+standard deviation BETA BETA4® ! GOIRDE=

p=. q=1003 0.87%6461 | 0.877654 | 0.884003
#=. 003388 p=2 g=1005 0.654605 | 0.8B544605 | 0.8540B4
x=.344363 p=500 g=1003 0.241276 | 0.841274 0.841281

# with use of approximation

TABLE 4



