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LANGUAGE

Fortran

DESCRIPTION AND PURPOSES

N

The level probabilities of order restricted inference are fundamental
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to that theory; their values are the probabilities that the order restricted,

-

maximum likelihood estimates of normel means assume specified numbers of
distinct values, called levels. Those probabilities are computqd 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 X 2 6 (cf. Bohrer and Chow).

Cran (1981; Algorithm AS 158) 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 (19T4) 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 K2 6. For K < 20 and equal weights or for general
weights and K < 5 the program is identical to Cran's (1981; Algorithm

AS 158).
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STRUCTURE

SUBROUTINE PROBS (K, W, P, IFAULT)

His KW

K Integer input: +the number of weights ;
W Real Array (K) input: the original weights Zf
P Real Array (K) output: the computed probabilities

IFAULT Integer output: a fault indicator, equal to

1l 1if at least one weight 1s not
positive
2 if K<2 or K> 20
3 1if an error occurred in function
FACT
0 otherwise
Auxiliary Algorithms

FUNCTION PR1(I,J,W) computes explicitly the probabilities for K < 5.

(Algorithm AS 158.1)

> e
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X . V1 #V3 -1/2

- FUNCTION F1(V1,v2,V3) computes the correlation p = ((V1+V2)(V2+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 veights
A W Real Array(K) input: the original weights ::
:; PA  Real Array(K) output: the approximate probabilities ;i
8 CH Real Array(K,K) input: Chase's approximate probabilities :i
Pl Real Array(K,K) i.put: equal weight probabilities 4
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!l The weight array can have no more than 20 elements, so K < 20. In addi-

tion, all weights must be positive.
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DIMENSTION P(20),y W(20)

?
i
!
i
:

5
DIMFANSICN RP(20), W(20)
c
c CRIVER PROGRAM FNR SUSBROUTINF PRCBS.
READC “4 10 ) ¥
1r FORMAT( 12 )
RFAUL %o 20 ) ( W(Idy I = 1y X )
20 FORMAT( 10F R4 )
c FCHT CHCCK ThE 1%PUT VALIUIFS.
C
WRITEC 6g 20 )
3r FORMAT( 1H1 )
WRITF( o 40 ) ¥
45 FORMAT( 4Xy 1O0HTHERE ARE 4 124 SHWETIGHTSe )
WRITEC Ge SC )
» 3¢ FORMAT( 4Xe 1SHTHE WFIGHTS ARE )
.. WRITFC to €0 ) € WEIdy T = 14 K )
N 62 FORMAT: 4Xo 10F12e7 )
g CALL PrOHS(C Ko a9 Py TFAULT )
y IF € IT2ULY JFRa 1 ) GGTO 100
IF ¢ IFAULT oEf%e 2 ) GOTO 120
) IF € IFAULT oEie 3 ) GOTO 140
L (ol
& ¢ OUTUT THE COMPUTED PROBABILITIFS,
= C
P WRITEC 6y 73 ) _ N
= In FORMAT( //4%y 29HTHE COYPUTEN PRORAEILITIES ARE. / ) H
PO 9n L = 1,4 K o
WRITF( he BL ) Le K PCL) "
80 FORMATC 44Xy 2HP (e 1209 149 o 124 A&H) = 4 F10.7 ) :
a9 CONTINIF "
sToP e
120  WRITEC 6¢ 110 ) ]
110 FORMATU( 4Xe 35HAT LEAST ONF WEIGHT IS NOT POSITIVE ) 8
sTOP "1
w120 WRITEC se 12C ) X
o 120 FORMAT( 4Xe 174K 1S OUT OF RANGL ) l
. SToP .i
T 140 WRITEC =9 1%0 ) ]
' 150  FORMAT( 4X4 34HAN STRRO® OCCURRED IN FUNCTION FACT ) L
< STNP -~
= END -
. i not -
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SURROQUTINFE FROTSC Ko Wy Py TFAULT )

SURR CUTINE FROTSE Kg We Py TFAI'LT ) E

CALCULATION OF THE PROSABILITIES P(LeK) FCF
THE CAfY" C0F SIMPLE OJRDER.

(2B ale Ko

DIMERASTON W€ 25 Yy PC 20 )e QC 20
DIMENSTON 710 D%y 20 )y PAC 204 2
DATA C1/ 1leGl=6 /

2 20 e CHU 20 21 )
0

CHECK THFAT WFIGHTS AFE PRSITIVE,. =

(& Mo Bhe ]

IFAULT = ¢ >
DO 1 1 = 1, K

IF ( Wl I ) .LC. C.." ) 50 1) 1”1 N
CONTINUE ]

CREZA THAT K o5le * AND JLES 20

O YO e

IF ( € oLTe 5 ¢ iPRe K «0Te 22 ) O 77 172

W = Wt 1)

DO 2 1 = 24 K .

IF € 2970 &b = WC T ) ) oGTa C1 ) GO TC 7 ,
COMT INGT

e {

LU wiIGHTS

(g & N ¢ )V

ot
ac
0¢
IF
Do
AJ
Al
A?
a(
J1
no
L1 -
GC Lo U ) = A1 « 5S¢ L1y J1 ) + A2 » 3¢ Ly J1
3 CONTING-

OC Je o ¥ = 140 /7 CACTC Je IFAULT o

IFC TFAULT oNEs C ) RETURN M
13 CONTIN'? gfjﬁy
5 CONT ING™ -

00 ('.‘ \J - 1' K r'd’
PC ) = G Jy K ) Y@
COMT INIT 4
RETURN '
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13 ) = A1
Al
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s J1

>

¥
~TON

UNESUAL WEIGRTS = CHECK THA K oLfe £ &
IF

K «6Te 5 ) 63 TO 11 004}?
K2 K - 7

GO TC ( Ky "¢ 10 Yo K?

P = PRIC Lo 29 &)

P( T Je*

L T e = C 1)

RETUKN

9 ¢ 1)
PC 4 )

x
<o~
- e

FRPN =)

PRI 1e 4e W)
PRIC 49 G0 W )
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)
SUBRGUTINT FRO-SC Ko We Fy IFAULT ) 3
7 1
‘g
PC 2 ) 2 0a% = P( &)
PL 7 ) = Je® = "C 1)
RE‘U‘\:- .
16 PC 5 ) = PRIC "y By W ) *
Pl 4 ) = PII( 49 H5¢ 4 ) b
PC 2 ) = 0,5 = P( &) o
PC 1 ) = FRIC 1o S5¢ ¥ ) A
PC 3 ) = 0eF = PCL 1 ) = PC =) K
RETURN 3
11 CALL CFASFC Ky "He FP1 ) <
CALL P&PRX( Kg Wy FAg Chy P1 ) \
N0 172 0 = 1y K
FCJ ) = PAC Jy K
17 CONTINLT
RETURN
121 TFALLT - 1
RFETURN
172 IFAULT = 2
RETURN
CND
C
FUNCTIS. PPIC Ta Je &)
c
C ALGORTITHN AS 158419 APPL STAT ( 19&) )e VAL 3¢ 20 1
c
c FYPLICIT CALCULATTON OF PROUARILITIVS FCH K oLDe &
c ALSC CALLED ©Y FUNCTION F?
ht
NDIMENSION WC 17 )
DATA ©11/ Ce318209¢86 /
IF € J NEe 3 ) 63 T0 45
C = 0o ¢ PII » FICO NC T 2o W€ 2 Dy 4C 7 3 )
IF € 1 oFfie 3 ) GO TO 30
PR) = iie25% = [
RETURN
ar PR1 = 2% #+ €
RETURN
[ B wl = ¥ 1)
W2 = Wl 2 )
W3 = A 3 )
Wa = W( 4 )
Wle = w1l & W2
W3 = /0 o+ W3
W34 = ! + 4
S12 = 1€ wly Wiy W3 )
S23 = FI1( Wle Wiy W4 )
IF ( J «E%¢ S5 ) GO TO 906
IF €1 oF5e 4 ) GO TO 41 , o
Cl = 0% # PIT » | aﬁzgﬁ’
¢ (FIC TewZoW34) & FICIToW2%9WA ) & Fl(slP9nloWa ) ) €@'db
PR1 = 128 = C1 : ey
RETUYRN ‘9\0 e
0l C2 = 075 + PI1 o ( Slz ¢ 508 ) S

PR1 = 7.12% & C? ol
RETU?N cﬁﬁ'\
50 W5 = 4 5 ) ‘p&9

WabL = w4 + WY

W12t = w12 + w!
W234 = «422 ¢+ MWa
W34%5 = 434 + WH




SUEROUTINFE FROTSC Wy Wy Pe IFAULT )

S34 = F1C wly W4s W5 )

IF (1 «EGe 4 ) GC TO 52

€5 = 0.062% + 5,127 &« PII » ( 912 + S22 ¢ S34 ) +
* 0475 « PI1 « 712 * §74

IF € 1 «Efe 1 ) GO TN 51

PRI = (3
IF ( P-1 oLTe e )} PR1 = D0
RETU#N

1 S113 = 10 wle 429 W3GG )
S131 = 10 “le w234 W5 )
S311 = 1€ w123« Whe W™ )

C3 = 075 ¢ 0,125 « OI] & (S112 4+ S131 + S%211 4+ Fltdly W27e W4%)
* + Fillwlle WPl¢ WaY) + Fl(wl2e W34e WE) = 5312 = S23 = 2354 )
* = Je » PII « PIT » € S12 « S311 ¢ 323 « S121 + S34 » 5113 )
PRl = n,H -« 3 - CF :
RETURN

52 C2 = 06122 * PIT * (S12 & S24 + Fl(Wle W2¢ K34) + TI(W2Py WZe w4)
* 4 Fl(aly w230 wW8) * F1(uWd2¢ WXy H4D) + FI( W26 Waye Wh)
* FlAWT e WhP4yg 4% ) )
PR1 = (425 + C2

RETURN
END
n
FUNCTICN F1C Vlie Y24 V3 )
c ALGOETTH® AS 19R.2 APPL STAT (1981) VOL 30e 10 1
r
RHD = =CSGRTC VI « Y& /7 ( ( V1 + V2 ) = € V2 + V1 ) ) )
F1 = AS3NC N0 )
RETURN
END
e
FUNCTI Y FACTC *¢ TFAULT )
¢ ' _
c ALGTSITHM AS 165¢,% 3EPL STAT ( 1981 3 VGL 30 NO 1
c .
- c CALCULATION DF FACTORIAL
c
- OATA “wryMy sg 7/ P 4
C IFAULT = # 9
LJ IF (M LTe [ o7Re ¥ oGTe ™AXY ) RETUKD bo&!
> IFAULT = 3
- ) ?
- FACT = 149 ("14,
= IF ¢ % JLEe 1 ) PETURM “ @
e A1 = 1.: Vo
F; : DO 1 I - 24 M :vg?
» Al = 1 ALY
- - Al = A1 » AT ) OAOQA
I CONT INIIE
' FACT = A1 d’
RFTURN L4
END
- FUNCTIUN ASINC ¥ )
- ASIN = PTANC X / S .ATC 140 = Xex ) )
ol RETURN
b END
<8 SURROUTINE CHASFK(Ks C49 P )
> c
- ¢ THIS SUTROLTINE CO%PUTES CHASER®S AMD pCUAL WEIGHTS
o PLKSS.
p
= .
3 g .
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SURRJUTINF PRCOPR( ke we Po IFAULT )

9

r - 3
REAL CH(20420)¢i(20420) ]

C : f
c INTIZLIZE MATRICF® Ti 7ERO. !:

- A

DO 2t 4 = 14 20 L

DO 10 I = 14 2° =

CHEIsJ) = 7,0 X

P(I¢d) = 0aC :
1c CONT INUEL ’-
23 CONTIN::T o
CHE191) = 1.3 _

CH(142) = 5.% o

CHE242) = €Y s

P(le1) = 14% B
P(1e2) = DaoF -

P(242) = 0.7 g

DO 40 < =2« K o

J1 = J ¢ 1

Y = 2 «» J -1 o

Y =" .J e

U= ~
V=uJs+1 fﬁ
CHE14J1) = Y /7 Y + ZH(14J) S

CHCUle 1) = 147 /] Y & Ch(JedJ) _

PCledl) = U /7 V * P(14d)

PGJl1oJ1) = 10 /7 V » P(Jgd) :

PO 20 " = 24V "
IA =1 -1 -
CHEIsJ1) = (1e3 /7 Y) # CH(TA9J) + (X /7 Y) + CHUIy) ]
P(IeJ1) = (1s0 /7 V) » P(TAsJY + (U /7 V) » P(I4J) e

an CONTINL . e

40 CONTIN - -
RETURN K
FND L b
: SUMRJUTINE FAPIY(Xe We FAg CHy F ) o
. c -7
S TRIS SUCKAULTINDG COMPUTES THE APPROX1IMAT™ PLKYS o
N o
. REAL W(P0)gFA(2M920)4PF (20420)¢"PP(20425)9CitC20920) s P(Z092 1) N
;‘. INTEAEE INDFY(20)9l e “
a ALPHA = 160 /7 340 -~
Lk ]
> INITIALIZE PAGPHoPaP > 2]
~ < i
’ e 0@ o
. 00 ¢C o = 14 20 éﬂgﬁp “?
b DO 12 1 = 14 20 - .
PACIsd) = 340 55259 :%
PR(T4J) = Col ' ©.5° ]
PRP(T4) = fed \@?} oo
1 CONTIN:T A T
ac CONT INUT S8 A
¢ DETEMINT MAXTNUN AN MINIMUM OF WEICHTS. °~$> ;ﬂ

c &

WMAX = WL 1) J§$ ~
NMIN = WC 1) B
DO 25 I = 24 K ]

IF € We T 3 oLTe WHIN ) WwMIN = W( I ) -
IF € WO 1 ) oGTe W¥AX ) WMAX = WC T ) .
25 CONTINUT )
A
-
P I VPR P U R T A L N I - L . - AJ




SUTRCUTINE ERQOTS( Ky We Pe [FAULT D

q'-‘;'.'-'i
. ot et s

10 :
CUT = DeBH * WTIN & Jo2F * WMAY A
2 DETESMITNE THF TNDICFS OF THE WO IGHTS
-
DO 4C 1 = 1 K ;
IF ¢ W(I) oLTe CUT ) GOTO 30 .
INDEX(I) = 3 -
GOTO 4 -
5% INDCXCT) = @ B
a0 CoONTINUT B
c K
¢ COMFLTY THE NUMEFR 0OF LARGF WTS g
M - N q
DO S0 I = 14 K :
M= M o+ IRDEXC T ) -
e 50 CONTINUF
. ~
B c IF ALL »7S L2RG™ OR SMALL SFT PA=P :
N c d
= IFC(™e Fod) eAND o (1ie NE#KDY) GO T T0 N
b‘ DG 60 L = 14 K . H
. - PA(L4K) = F(LyK) d
b e CONTINUE &
N 60 TO 7170
o IF A= At k=0 SIT PR=zPLA
c o -
70 N = INGFX(1) + TMDEX(K) : f
IF (L exEe 7) 3G TC 90 ™
DO 8C L = 1e M ‘:.7
PB(L 4K ) = P (L")
ar CONTINUT ‘.
GO TO 240 v
¢ P
c CETERMINE A oF S
: c :
Y 90 A =N & 1
3 B = ¢ o
' DO 100 T = 1e X (Dﬁ?
e IF C(INTTX(I) oNFe 072 60 TO 110 &7 & J
b A= A+ S 4
g 160 CONTINUS < 2 :
. 110 DO 120 1 = 14 K F& .
. J=K -1 +1 RN X
NS s
- IF CINTX(U) oNEe £) 60 TO 1350 ¢ B
EL. g = ¢ + 1 CJ? ..
P - 170 CONTINUE _J
[ 120 N1 = A + 1 : - -]
B N2 = 7 + } 9
- IF (& JLF, () 30 TN 140 -
& DO 150 L = 1l ¥
;. SU¥ = (.0
;- DO 140 I = 1o L
:':j J=zL -1 ¢ 1
L SUM = SUM 4 P(leM) » CHIUJei?)
- 140 CONTINGT
- PRCLeXK) = SiM
h‘ 150  CONTINLF
v GO TO 740




SUBROUTINE PROTS( Ke We Py IFAULT )

PO PR

11
160 IF (" ,hfe ) 5€C To 190 7
DN 180 L = 1y X 3
SUM = 2.0 R
DO 170 1 = 14 L \

J =L -1 +1

SUM = UM + P(T#¥) = CH(JeN1)
170 CONT 1IN

PB(LJK) = S'™
170 CONTINLY

G0 TG 45 7
140 DO 210 L = 14 ¥ 1

SUY = .0 ]

fC 27C 1 = 1. L

J= L -1 + 1

SUYM = LM + CHOTL«N1Y * JHC(SeN2)

270 CONTINUF &
PEP(Lg¥) = <UM 4
10 CONTINGL -
DO 230 L = 1s K g
SUM = [a0 1

e 200 1 = 1e L
J=L -1 +1
SUM = SUA + PAP({]eK) & D(Je™)

220 CONT INU
PUlL oK) = SL¥
230 CONTINUE
c
c DETFPMIL &
o -4
24¢C SUM1 = el g
SUM? = C.u -]
36 %0 1 = 1 X 8
X = IN {X(D) -
Y = 1 - INGEX(T) fj
SUMI = SUMT + 41D =* X
. SUMD = TUMD ¢ JSUI) « Y L
o CONTINI T :
). X = K = "
Y =M™ .
R = (SL¥L « X)/Z{LSU™2 + Y) ]
DO 260 L = 14 K "
PACL M)~ (1a-(le D)/ (R*#ALPHADII*PR(L oK)+ ((1eC)/(RewALIHAYI*P(LyK) 9
260  CONTINUF & )

270  RETUE™ agZ&QP f
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