
RESTRICTED INFERENCE(U) IOIJA UNIV IOWA CITY DEPT OF
STATISTICS AND ACTURIAL SCIENCE. C PILLERS ET AL.

UNCLASSIFIED JUL 82 TR-87 N8@814-88-C-032i F/G 12/1 N

END

LLI



*1W

*1.

12.0
S1.

1.2 __114 1.

MIROO RESOUTO TES CHART
AI ONLBUEUOFSANAD-16-



A FOTRA PROGRAM FOR THE LEVEL PROBABILITIES

OF ORDER RESTRICTED INFERENCE)

Carolyn Pillers, Tim Robertson and F. T. Wright

University of Iowa and University of Missouri-Rolla

The University of Iowa

Department of Statistics and Actuarial Science

Technical Report No. 87

July, 1982r

711

C _ 0 ' t h s ; -e a a p p r o v e d

C This work was supported by ONR Contract NOO0l)4-80-C-0321.



NITIS GRAk&t

. 1c , ,: c l! ,

A FORTRAN PROGRAM FOR THE LEVEL PROBABILITIES -

OF ORDER RESTRICTED INFERENCE ,tr 4utiCf/

Carolyn Pillers, Tim Robertson and F. T. Wright ,

University of Iowa and University of Missouri-Rolla .

Key words: Order restricted inference, level probabilities, chi-bar-

square distribution.

LANGUAGE

Fortran

DESCRIPTION AND PURPOSES

The level probabilities of order restricted inference are fundamental

to that theory; their values are the probabilities that the order restricted,

maximum likelihood estimates of normal means assume specified numbers of

distinct values, called levels. Those probabilities are computed under

the assumptions that the population means are equal and that the sampling

from the various populations is done independently. The level probabili-

ties depend upon a vector of weights (usually the various sample sizes)

and the use of much of the theory of order restricted inference has been

limited by the fact that those level probabilities can be virtually impos-

sible to compute if the weights are not all equal.

Bohrer and Chow (1978; Algorithm AS 122) give a program for computing
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these level probabilities when the number, K, of populations is no more

than 10. Their program uses an algorithm for computing orthant probabili-

ties which is due to Milton (1972). The time needed to use Milton's

algorithm increases exponentially in K and can require several minutes

or more of computation when K k 6 (cf. Bohrer and Chow).

Cran (1981; Algorithm AS158) gives a program for computing these level

probabilities when the number K does not exceed 6. For K = 5 it uses

an approximation due to Plackett (1954) and for K = 6 an approximation

due to Childs (1967) is used.

Robertson and Wright (1982) develop an approximation which is based

upon an idea of Chase (1974) and uses the pattern of large and small weights.

We refer the interested reader to Robertson and Wright (1982) for an evalu-

ation of the quality of this approximation. The Fortran program given

below uses this approximation for the values of the level probabilities

for K such that K k 6. For K 20 and equal weights or for general

weights and K S 5 the program is identical to Cran's (1981; Algorithm

AS 158).
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STRUCTURE

SUBROUTINE PROBS (K, W, P, IFAULT)

K Integer input: the number of weights

W Real Array (K) input: the original weights

P Real Array (K) output: the computed probabilities

IFAULT Integer output: a fault indicator, equal to

1 if at least one weight is not

positive

2 if K < 2 or K > 20

3 if an error occurred in function

FACT

0 otherwise

Auxiliary Algorithms

FUNCTION PRI(I,J,W) computes explicitly the probabilities for K : 5.

(Algorithm AS 158.1)
( Vl*V3 )-/

FUNCTION Fl(Vl,V2,V3) computes the correlation p (Vl+V)(V+V3)

(Algorithm AS 158.2)

FUNCTION FACT(M,IFAULT) computes n factorial. (Algorithm AS 158.5)

SUBROUTINE CHASE(K,CH,P1) computes the equal weight probabilities and

Chase's approximations for a given K.

SUBROUTINE PAPRX(K,W,PA,CH,P1) computes the approximate probabilities:

K Integer input: the number of weights

W Real Array(K) input: the original weights

PA Real Array(K) output: the approximate probabilities

CH Real Array(K,K) input: Chase's approximate probabilities

P1 Real Array(K,K) i.,put: equal weight probabilities
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Restrictions

The weight array can have no more than 20 elements, so K 20. In addi- r

tion, all weights must be positive.
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DIMFNS'3TY P(20), W(20) .

I-1:V IM F N I Z! N P ( 23 ) ,m W (!0 )

C
". LRIVER PROGRAM FOR SUBROUTINF PRr13.

REAL)( 1.9 in

1it FORMAT( T2 )
RFAL)( -, 20 ) W (I), 1 = I, ' )

2:) FOR.4ATf 13F..4 )

C FCHC CHECK THE '.PUT VALIIF.

WRITr( f.,t ')
3 FORMAT( Iil )

WRITr( ,t 9 (

4.; FORMAT( 4X9 IHOTHFRE ARF 9 129 SHWITIGHTS, )
WAITF( j--t r)C )
FORH ATC ". 15fX THE Wrlr.HTS ARE )

W RITI t ) t -IC), I 1= t )
62 FORMATt 4 X tloI?.' )

CALL Pf,)8 S( K, ., Pg IFAULT )
IF ( IFAILT .Fr. 1 ) GOTO Iea
IF C IFAULT *E,. 2 ) GOTO 120
IF ( IFAULT *E . 3 ) GOTO 140

C
OUT.'JT ThE tC.MOLTED OROBADILITP5.

C

WRI TE( (i, 73 )
In FORMAT( /14X, IHT9F CO"PUTE) PROPA1ILITIES ARE, / )

DO q(. L = 1s K
* UPITF( 69 PC ) 1.9 K P(L)
s0 FORMAT( 4X9 2H'(, I:' *Ht 9 129 4H) 9 F1Oe7 )
Q9 CONTINUF"

STOP
1CO WRITE( 6t 110 )
110 FORMAT4 4X, 35A'T LEAST ONE WEIGHT IS N'OT POSITIVE )

STOP
I a W R I T ~ r. %) 1 .I C'

1 0 FORMAT( 4X9 17HK IS OUT OF RANGE )
STOP

1A0 WRIT ( -, 1"0 )
150 FORMAT( 4X9 341 AN !.RROR OCCURRfU IN FUNCTION FACT )

STOP
END

Copy c . I to i)',2 does ot"

p;ueit fully legible TePl'ducOln _

", ". . .. .... .............. . -.... . 1Z .



SURRQUTIJF PRO'S( et Wo P9 IFAULT

6 .

SUF'CIIITN . CR':( Kt W, Pq TFAI'LT )
C
c CALCULATION IF THE PROeABILTTIFF P(L.KK) FOF
C THE CA!, 7C SIMPLE_ ORrflg '

C
PIMEK T'. ( 25 )9 PC 20 )q 0 ( 20t 20.)o CH( 2. 2r' )
[DIMENS'IJ "l( "o, P0 ), PA( 20, 20 )
DATA C I/ 1,,CF-6 /

r

C CEE-EK T FAT "FIGHTS AFE P.-ITIV-.

IFAULT
DO 1 I - 1, K
IF ( Wt I ) *LL. C.f n  ) .G0 T- 1!il

1 CONJTV]rtF
C

C CFE"K Ti T K . . AND .LE. 20
C

IF ( .LT. 3 .!P. K ,GT. ?1 W T1 17
WW 'A I
00"1: 22 K
IF ( A'C . - W( 1 ) ) .GT. C1 ) GV TC 7

2 CO0.3TI Itir
C
2-"( L EIGHTS
C

Q( 19 ) 1- / ..

O( 2, 0 )
O( .-!, .' ) : 1.0 / (:..V

IF ( K o.e, 3 ) G) 70 '
DO 4 J 4 9 K
AJ J
A 1 1,P / , J
A? ( AJ - 1. ) * Al
"2( I, d ) : A1
Ql : J - 1

00 3 L : 2, J1

L I L - I
G( L, J ) 1 Al * G( LI, JI ) + A2 Q 3( Lt Jl )

I COROT 1J,..
Q( 3, ,. 1 1.0 / CACT( J, IFAULT
IFf IF 'ILT .NE. C ) RETURN"

4 CONT IN'.!;
COljT IN'-,
DO 6 J 1 1, K N4
PC ,I -C J J, K'

6 COA)T 1 1 "

C
C UtJEUAL ;,gI:hTS - CHF.CK THA .L -

I IF ( K ,,GT. ' C; TO Ii

K2 K - 2
GO T^ C ho , 11 ), K?

) ii

P( 2 ) - .'
p ) - O.r -3( ] )
RETUIN

* Pt 1 ) : 1( 1, L. 4 )
PC A ) - PP.l( I 1 4. W )



SUP Ft ) f Nr FRO-',C K, W. Po IFALILT)

PC R lt~- ( 4 )

RETUId.
PC( 5 ) il 5t " ,',W
PC 4 ) P. 1 4, 5, 4

pC ( ) O.F, - PC 47

RET 7 uR 11
11 CALL C1~(K, 'H P1 

CALL PMt)RX( K, 1., PAP Clis, P1)
no I1? .1 1, K
P( I. ) PA~ Jv K )

1 CON I IN Lr
RE T U RN~

11 IFAULT I
R F TI r* l

1 ^2 IFAIJLT 2
RET URN
[ND

FUN T I. P F1C T Jv 'd)
C
c ALKiliTP-F All 15%,J APPL STAl IC 1S I VI)L 3'q ,n I'
c

FYPLICIT CALCULATTOIj OF PRO t AEIL1TII' FCr, .E.--
C ALS'C CAL LED ;-;Y F UNCT TON F 2

flMrNSION ',,( 1TI
DATA 0Dill C .31'O'9VI6 I
I r CJ o'l. L * G I TO 0 V

*C .e; * PHI FiC If )o WC )t WC (
* IF C I .Err,. 3 1 t)1) TO SOC

RETURN
I . PRI .?

4 C kvl= WC I

*WA d'( 4
*W12 0.~1 -s '2

W23 + 2 63

S23 1 ( h:, j ~4
IF C J .Eno* 5 ) GO TO 0C
IF C I e . 4 ) Gfl TO. 41

* Cl Do.1 PIT Oppo1,3,'
1 C 1. 9~W34) F F1 ('43 WP 19WA F 1C 41 p 0

PR I = C .1 2 i - r Ip
R E S' Ne

4 1 C2 zO.'15 A PIt 1 51 :;3 i.
PR I .2' * ?4l~
RETU'VN

W5 J 5)
WA 4!) i *~

WIP! = %:l2
W234 = 25 ! W4
W345 = 434 W 5S



SUE % U' iN' F % R , 0, P I FA t! LT r

IF I eEc. 4I G C T10 5 "
C5 0 0')62'; + 0 12r' PTI * '12 +S2' * S564 I

IF I T E~o 1 )GO T 0 5 1

IF P P1 *L. To .0 ) PRI 0.0

C3= 0.'7' 9 0. 125 * of1 I (f137 S 131 + 'll F1(J1, W27% 1445~)
+ F IflWI W7, - Witt) *Fl(1 124 W349 W ) - .12 -'.~ -. 34

O.- ,r) pIT *I ni* S112 * S311 * S13~1 4 5.34 * n-113
PRI r3 C7,
RET UR p6

92 C2 0 .12t * PTI * (S1 S 34 + Fl('.l, W29 6-34) *rl(w2, i3, ',4)
Fl*.*.FlC.A, * w4) *FICvi?, W~t W'-.) + Fl( W269, W49 4i )*

F* 1W. o 6g 4

PRI Co2t- + C?
R ET J
r Nr

FUtjr T I\ F I VI. V?9 V3

C A~;~~IH'. S lb.2 ~PL SAT (1991) VOL fU !o

mn=-.rT~(7( V) *v,5 / CVI* V2 I*CV? *V

F I = A '*V ( PHO
H FTUR

C

C tiLGr,ITHF' AS Iq~r 4PL STAT ( 1q VOL 3J* NO I

C

DATA~ v!YMI vO
IFAIILT
IF ( M .LT. r -Ir%. *r.o *AflCV RETURf
IFAULTM
FACT I .~A U~
I F -LE* 1 O ~ET UR '

D0 I I - 29
A I I -

A I AlI * A T
I CONT IWIi

FACT = Al
R FrUA~N
r PJlu
FUNCTION ASIN( C
ASP)J = fTA%-( X /S., ,Tt 1.0 - *X I
RrTtjkl\
END
SUPR')UTIPNE CHA cF(K C-I, P

C
C THI!, SL'H--OL7IN[ CO'.,PUTcS CIHASE'#S AIAD t.rCUAL wEIGHT'j.
C PL.'S.



SURRXJTIfJF PRCP'( K9 W9 Pgp IFA!JLT )r

REAL CL(209.0)*P(20,20)

C
c V,!TI.L1r MATFICFc! Tt, 7EP~e i

KDO 2?t 1 1. 2 L

CH(IJ) 1.
*P(I90 = 0 .

11 COIT INti o

CH( 191 ) 1 .3
CH( 1 P2 ) '

P (2 o2 0
00 4,11. =29 K

CH(l vJ1 v / Y ffi I sJ)
CH(J1,,A) 1.0 / * c((j,J)
P(1,,1) =U / V p (1.,93
p Cj I J 1) 1.0 /V *P(JqJ)

D0 3 C 9 2.j
IA = I - I
CI4(I-,JI )=(1.3 Y) * -H(TAJ) (A Y) /t4 19 * - ,J,
P P( T9J 1) (1.0 /V) *P(IAq,j) + (U /V) P 9J

4 CON11INN1

* RETU.RN
FNO lo

SUP R 'U fIlNF A PR:Y(K W9P A 9 CH, P)

C THIS 0"PUTF' THF APPROX1MAT-PI
C

* REAL W(?0,),P-A(2r,92C')P' (20,?O),rJPP(.)0,2CG),Ci2d,2l) P(2Q,0'fl1
*INTr-,l- INEFYC2011t, 3l

ALPFPA z1.oc / .00

C INIT I:E P,,P;P

F:DO 2U G 1 20

DO 1 1 1 = - 2
PA(I,9J) =3 .0 4
PR( IJ) = C,.0 04

r CON T INC."
C [L TF Mlr A~) PlN ~:1 MT NJM'I OF uIFICH T

W4AX = J( I ) g4 .
UIMIN = W( I )
DO P5i I = 2, vK

IF ( W( I ) *LT. 'VAIN ) wMI! = 6( I )
IF ( '.( 1 ) *GT. 61' AX ) WMAX WC I )

?5 CONTINUF



S-" sur.R MT TN r Ror -Z Kt W Po IFA L LT il

10

CUT .65 * TI, + O.o3 * 4kAv'M

DETE.'MVI'E Ti-c TNDICFS 0: THL W,IGHTS r

DO C. I = 1 K
IF ( W(I) .LT. CUT ) GOTO 3.

IN FX(I) = 3
GOTO 4'

:. 3C INOEXC) :"
4 CONT I 'It;

C
C COVFUT[ THE NU.P"F OF LARGF WTe

M -
DO O I = I, K

M M + IY EX( T )
5b CONT INUF

C IF ALL .TS L R," OR SMALL SFT PA-P
C

IF(( ..3) AN;.f" E. )),r-n.,. T 7 0

- PA(LK) = F(LqK)

6f CONT I4'EU

"" G0 TO ,70i: c

C IF A=O At * P=C SFT PrPL;

7 N = INrFX(1 ) TNDEX(K)

IF (L .,'E. ") A.G TO 90

DO 8C L = I M
' PB(L9K) = P (L,)

3- rP CON T INU-

GO TO 140

C
C ('ETEV, INF. AFP

90 A no

DO 1 1 1, .,1 K
IF (IN'rF(I) .NF. n) GO TO 110

A A A + 1 04

I O CCNTN'.-

* 10 DO 120 1 =19 K *>%:ii:J =  K 1 P

IF (IVFX(%2) N:, r) G, TO 530

- 10 CON T TICf
•. 1 0 NI = A + 1Co/

,.- N2 A 1 * 1

*IF ( A of.F. )3 T" 1'0
' DP I'O 1 L 19 €

=SUP = v.o0
0D 140 1 1 L

- SUM = * P(1M) * M q, ?

"" 140 CtONI iN-
PB(LK) - SLM

1!.0 CONTIN.F
o GO TO 'A0

F ; -I I I " ' l I, k' m 'it ,. . .



SUPR OUTIN E PR S( K, W, P, IFAULT )

11

I {G IF (1 ,... C) qC To l01
Dfl l)U I 1, L
SUM
00 170 1 I, L
J = L I 1
SUm ,LJ) P (T,') P* C (J, t ])

1 70 CONT I"I I
PB(LvK)

1 FaO r{0NTI" N ,.tr

GO TL, ".

190 DO 210 L I, K
sU" = ".0

PC 2 7 0 1 19 L
J L -I 1
SSU" :.i, + CHC(Li) * CHJ.N2)

;l 0 C 0"1; T INtu r

PrP(L,[ ) ( = -UM
:1{ CONc T IN WL

DO ;.:c L. , K
*SU" M .

suk .; .0 : I L
r0 * 1 - 1, L
J : L 1 I 1I

SUM = cUA + P2(1tr') * D(JM.)

220 CONTINlif
P!G pLLK) =

20 7 CON1 TNLA
C
C DETFPYIIL

2C
2C sUI P. X U

*SUM? z .

yO 2bO : 1, T
* X - I I 1' X(1)

Y : I I- '.E (

SUM1 = U'A1 + .(1) * X
SUM ? = LM" * X(I) *

"10 C ONT11 r

y Y

R (SL l * X)I(SU'2 Y)
DO 260 L 19 K P
PA(L W)7( -)

260 CONT INF
270 RETUR" oo

p
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