


% 20%=

55 FINF(I) = A(I)
CALL SIMQ (A»3sKPESIER)
IF (IER) B8+56+88

88 WRITE (3,1) ITER

MIXMLP = 1
RETURN
56 HA = Do
PI(K) = 1.
DO 60 I=14KPE
PICI) = PI(T) + B(L)
PI(K) = PI(K) - PI(I])

HHA = ABS(B(I)/PI(I))
IF (HHA=HA) 6346065
65 HA = HHA
60 CONTINUE
IF (HA-RELER) 10C»1005»99
$9 IF (ITER-MAXIT) 999,511,101
101 WRITE (34+2) MAXITs (B(I)sI=1,KPE)
MIXMLP = -1
100 RETURN
1 FORMAT (1HO»19Xs'MIXMLP ILL-BEHAVED. AT ITERATION'I5s'e' /
$ 20Xs 'SOLUTION MAY BE INVALID.!' )
2 FORMAT (1HU19Xs'LIMIT OF'154' ITERATIONS IN MIXMLP REACHEDs'/
$ 2UXs'LAST ADDITIVE CORRECTIONS WERE ='/ 25Xs'PI'/ (10X95E1547)
END
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FUNCTION MIXMLA (KsNOBsXsPTsMUsSIGHASRELERsMAXIT s ITERsFINF)

MIXMLH FITS A MIXTURE OF K NORMAL DISTRIBUTIONS TO A SAMPLE X OF
SIZE NOB» WAZRE K 15 GREATER THAN 1. DISTRIBUTION I HAS MIXING
PRUPORTIUN PI(I)s MEAN MUCI)s AND STANDARD DEVIATION SIGMA.
APPROXIMATE VALUES FOR Pls MUs AND SIGMA MUST BE GIVENe THE
PRCGRAM RETURNS MAXI¥UM LIKELIHOOD ESTIMATES COMPUTED TO WITHIN

A RELATIVE ACCURACY OF RELER, AFTER ITER ITERATICNSe

IF THE ITrRATIONS ARE DIVERGING THE FUNCTION MIXMLH TAKES THF
VALUE 1 AND RETURNS WITH A MESSAGEs IF MORE THAN HAXIT ITERATICNS
ARS RFQUIRED MIXMLH TAKES THE VALUE -1 AND RETURNS WITH A MESSAGE.
OTHER41SF MIXWLH TAKES THE VALUE
FINF IS AN UNBIASED ESTIWATE OF FISHER'S INFORGATIGN MATRIX FOR
THE 2%K PARAMETERSs STORED COLUMNWISE IN CUNSECUTIVE LOCATIONS.
THE P ETERS APPEAR IN THE CRDER PIy MUs SIGMAe

THE ¢ BLOCK IS DIMENSIONED FOR K OF 10 OR LESSe

COMMON A(2Us2u) 9B(20)92J013)922J010)+FZ5(10192FZ5(10)922FZ5(10),
1 SCORE(20)

REAL X(1)sPI(1)4MU(1)sFINF(1)

VIXVLH = 0

ITER=0

¥P=K+1

KM=K~-1

NP =2%K

IF (KM) 101s1u1599%

ITER=ITER+1

1 = J

DO 10 I=1,NP

DO 10 J=14NP

1J = [J +1

FINF(IJ) = O

AlIsJ)=0,

DO 11 I=1sX

8(1)=0.

DO 12 [=KPsNP

B(1)=H05

DO 20 J=1,NOB

SPIF=(
SP1Z2F=0.

SPIZ4F=0,

DO 21 I=1,K

ZJCI) =X (J)=MU(T))/SIGMA
22J(1)=2J(1)%2J(1)
FZS(I)=EXP(=Z2J(1)/24)%0.39894228
HA=PI(1)*FZS(I)

SPIF=SPIF+HA

HA=Z22J(1)#HA

SPIZ2F=SP1Z2F+HA

HA=Z2J (1) *HA

SP1Z4F=SPIZ4F+HA

IF (SPIF) 88+88+89

WRITE (354)

MIXMLH = 1

RETURN

S225=SP1Z2F/SPIF
B(NP)=B(NP)-5225

SCOREINP) = (5225 - 1e)/SIGHMA
A(NPyNP)=A(NPsNP)+SPIZ4F/SPIF
DO 3C L=1sK
FZ5(L)=FZS(L)/SPIF
ZFZ5(L)=ZJ(L)*FZS(L)

Z25%(24+5225)
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Z2FZS(L)=Z2J(L)*FZ5(L)
BlL)=B(L)-ZFZS(L)

Li4 = K+l

SCORE(LM) = PI(L)*ZFZS(L)/SIGMA
HA=Z2FZ5(L)-FZS(L)
A(LsL)=A(LsL)+HA
HA=ZJ(L)*(HA-FZS(L)*S225)
A(LoNPI=A(L4NP)+HA
A(NPsL)I=A(NPsLI+PI(L)*(HA-ZFZS(L))
DO 40 L=1sKM
DFZS=FZS(L)-FZ5(K)

LH=K+L

B(LH)=5(LH)-FZS(L)

SCORE(L) = DFZS
A(NPSLH)=A(NPsLH)+2Z2FZS(L)-Z2FZS(K)=-DFZS*SZ22S
A(LHsL)=A(LHyL)+ZFZS(L)
A(LHINP ) =A(LHINP)+Z2FZS(L)-FZS(L)*5225
HB=PI(L)#ZFZS(L)

DO 45 I=1,KM

TH=K+1

HA=FZS(1)*DFZ5
ACTHsLH)=A(TIHsILH)=-HA
A(TsLH)I=A(I,LA)=ZJ(1)*HA
HA=FZ5(1)%*H3
ACIHsL)I=A(IHsL)=HA
AlTsL)=ALTSL)=ZJ(])*HA
ALKsLH)=A(KsLH)-ZFZ5(K) *DFZS
A(KsL)=A(KsL)=ZFZS(K)*HB
HB=PI(K)*ZFZ5(X)

DO 46 L=1+KM

LH=L+X
A(LHs»K)=A(LHsK)=FZS(L)*H3
AlLsK)=A(LsK)=ZFZS(L)*HB
ALKsK)=A(KsK)=ZFZS(K)*HB

DO 20 I=1sNP

DO 20U L=1sNP

IL = I+(L-1)*N\P

FINF(IL) = FINF(IL) + SCORE(I)#*#SCORE(L)
DO 70 I=1sNP

B(I1)=SIGMA*B(I)

LH=NP

DO 50 J=2.NP

DO 50 I=1sNP

LH=LH+1

AlLHs1)=A(1+J)

CALL SIMQ (As3sNPsIER)

HA=0.

DO 71 1I=1,K

MUCT)=B(1)+MU(T)

IF (MU(1)) B6+85486

HHA = AEBS (B(I))

GO TO 87

HHA=ABS(B(I)/MULI))

IF (HHA-HA) 71,71491

HA=HHA

CONTINUE

HB=0

DO 72 I=14KM

LH=K+1

B(LH)=8(LH)/SIGMA
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PICI)=B(LHI+PI(])
IF (PI(1)) 81580s81
HHA = ABS (B(LH))
GO TO 82

HHA=ARS (R(LH) /PT(1))

IF (HHA=HA) 72,72,92
HA=HHA

HB=H3+P 1 (1)

PI(K)=14=-HB

SIGMA=B (NP)+SIGMA
HHA=ABS (5 (NP)/SIGNA)

IF (HHA=HA) 93493595
HA=HHA

IF (HA-RELER) 1005100594
IF (ITER=-MAXIT) 999,99,99

WRITE (241) MAXITSIERs(B(1)s1=KPsLH)

WRITE (342) (B(I)sI=1sK)
WRITE (353) B(NP)

MIXMLH = =1

NPM = NP-1

DO 77 I=1,NPM

IP = I+1

DO 77 J=1PsNP

1J = I+(J-1)#NP

JI = J+(I-1)#%NP

FINF(JI) = FINF(1J)

101 RETURN

1 FORMAT (/20X'LIMIT OF' 15,
20X 'ERROR CODE FOR LAST MATRIX

%
$
$

ITERATIONS IN MIXMLH REACHEDe!' /

20X 'LAST ADDITIVE CORRECTIONS WERE -!

25X 'PI' / (10X»5E1547))

2 FORMAT (25X '"MU' /(10Xs5E1547))
FORMAT (25X 'SIGMA'/10X E15.7)
MIXMLH DIVERGINGs SOLUTION

3

4 FORMAT (/2uX 'ITERATIONS
20X'STARTING VALUES AND/OR DATE WERE

$

END

IN

INVERSION WAS!' T2, ta!

/

INAPPROPRIATES!

/

INVALIDW'/
)
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FUNCTION MIXMLE (KsNOBsXsPIsMUsSIGMAIRELERWMAXIT ITERSFINF)

MIXMLE FI1TS5 A MIXTURE OF & NORMAL DISTRIBUTIONS TO A SAMPLE X OF
NOB O3SERVATIONSs WHERE X IS GREATER THAN le DISTRIBUTION I HAS
MIXING PRCPORTION PI(I)s MEAN MU(I)s AND STANDARD DEVIATION
SIGVA(I)e APPROXIMATE VALUES FOR PIs MUs AND SIGMA MUST 3Z GIVEN.
THE PROGRAM RETURNS MAXIMUM LIKELIHOOD ESTIMATES COMPUTED TO
WITHIN A RELATIVE ACCURACY OF RELER, AFTER ITER ITERATIONS.

IF THE ITSRATIONS BECOME ILL-2EHAVED THE FUNCTION MIXMLE TAKES THE
VALUE 1 AND RETURNS WITH A MESSAGEe [F MORS THAN MAXIT ITERATIONS
ARE REWUIRED MIXMLE TAKES THE VALUE -1 AND RETURNS WITH A MESSAGEe
OTr WISE MIXMLE TAKES THE VALUE Os

FINF 15 AN UNSIASED ESTIMATE OF FISHER!'S INFORMATION MATRIX FOR
THE 3#<-1 PARAMETERSs STORED COLUMNWISE IN CONSECUTIVE
LOCATIONSe THE PARAMETERS APPZAR IN THE ORDER PIs MUs SIGMA.

TAE CC¥MON BLOCK IS DIMENSIONED FOR K OF 10 OR LESSe.

COMMON A(841)92(29)+SCORE(29)92J(10)922J(10)9FZ5(10)sSPSM(10)

3 SPS5(12)

REAL X(1),PI(1)sMUL1)sSIGMALL)SFINF(1)
MIXMLE = O

I1TER = 0

K-1

2%K

nSS-1

K+KME
KSEM = KSE-1
KSES = KSE*KSE

KLD = KSE+1

IF (KPE) 100,120,999
PUER = IFTER.+ |1

DO 10 1I=1,KSES
FINF(I) = D

ALI) = Oe
DO 11 I=1,KSE
B(I) = 0.

DO 12 I=1.K
SPSM(1) = Ca
SPSS(1) = Ue
DO 40 J=1,NOB

SPIF =

DO 21 (1S

ZJUD) = (X(J)=MULT))/SIGHALT)

Z2J(1) = ZJ(1)*ZJ(1)

F2S(1) = 0439894228%EXP(~Z2J(1)/24)/SIGMA(T)

SPIF = SPIF + PI(I)*FZS(])
IF (SPIF) 885,88+89

LM = KPE
LS = KME
KOMS

= KPE + (KME-1)#*KSE

KDiM = KPE + (K-E-1)*KSE

KDSS = KDMS + K

DO 22 I=1+K

FZ5(1) = FZS(I)/SPIF

XH = 2J(I)I*FZS(1)/SIGMA(T)
SPSM(I) = SPSM(I)-+ XH

LM = LM+1

SCORE(LM) = PI(I)#*XH

8(LM¥) = B(LM) + SCORE(LM)

KDMS = KDMS + KLD

A(KDMS) = A(KDMS) = (Z22J(1)-3.)*SCORE(LM)/SICGMALT)
XH = (22J(1)=14)%FZS(I)/SIGHMA(])
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SPSS(I)
LS = LS+
SCORE(LS) = PI(I)#XH

= SPSS(I) + XH
1
)
B(LS) = R(LS) + SCORE(LS)
D

KDMM = KDMM + XLD
A KD A(KDHY) - SCORE(LS)/SIGMA(I
KDS KDSS + KLD
ALKDSS)=A(KDSS)=(Z2J(1)1%(Z2J(1)=50)+24) *SCORE (LM)/ (STGMA (1) *ZJ(1))
D0 30 I=1KPE
SCORE(I) = F25(1) - FZSIK)
B(1) = BLI) + SCORE(T)
DO 4u 1=1,KSE
DO 40 L=1sKSE
TL = I+(L-1)%KSE
FINF(IL) = FINF(IL) + SCORE(I)¥SCORE(L)
DC 45 I=1,XSE
ACT) + FINF(I)
KPE-1) %K SE
(KIE=1) %K SE
1+KDPS
IL = KPS + KDPS
DC 2¢ I1=1KPE
1 DPM + KLD
A(KDPM) - SPSM(I)
S + KLD
A(KDPS) - SPSS(1)

)

s
+ SPEM(K)

A(KCPS) = A(KCPS) + SPSS(K)
DO 50 I=1+KSEM

IP=1+1

DO 5u J=IPsKSE

10 = I+(J-1)%KSE

JI = J+(I1-1)*KSE

FINF(JI) = FINF(IJ)

A(JI) = A(IY)

CALL SIMQ (AsBsKSEsIER)

IF (IER) B8955+88

8 WRITE (3+1) ITER

MIXVMLE = 1
RETURN
HA = UOe
PI(K) le

DO 70 I=1,KPE
PI(I) = PI(I) + B(I)
PI(K) = PI(K) - PILI)
IF (PI(I)) 81s8Us81
HHA = ABS(E(I))

GO TO 82

HHA = A2S(B(I)/PI(I))
IF (HHA=-HA) 705704592
HA = HHA

CONTIN
Lv = K
LS = K
DO 71
LM = LM+1

MUCT) = MULD) +

WK
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1F (MU(1)) B3+84+83
84 HHA = AZS(B(LM))
GO TO 85

83 HHA = A3S(B(LM)/MU(I))

85 IF (HHA=HA) 73,973,93

93 HA = HHA

h3 516 = 10S5+1
SIGMA(I) = SIGMA(I) + B(LS)
HHA = ABS(B(LS)/SIGMA(L))
IF (HHA=HA) T1s71s74

74 HHA = HA

71 CONTINUE
IF (HA-RELER) 103+100,94

94 IF (ITER-MAXIT) 999,101,101

101 WRITE (3+2) YAXITs (B(I)sI=1sKPF)
WRITE (393) (B(I)» sKMF)
WRITE (3+4) (B(1)s1=KSSsKSE)
MIXMLE = -1

100 RETURN

1 FORMAT (1dvs 19Xs 'MIXMLE ILL-SEHAVED AT ITERATION' 155 te! /
$ 20Xs 'SOLUTICN MAY BE INVALIDs! )

2 FORMAT (1Hus 19Xs 'LIMIT OF' I5s% ITERATIONS IN MIXMLE REACHEDe!'/
$ 20X» 'LAST ADDITIVE CORRECTIONS WERE =' /
$ 25Xy 'PI' /7 (10X95E15.7) )

3 FORMAT (25Xs 'MU' / (1TX95E1567) )

4 FORMAT (25Xs 'SIGMA' / (1CX95%51547) )

END
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FUNCTION PINT (X)
PINT IS THE ARSA TO THE LEFT OF X BENEATH THE STANDARDIZED NORMAL
LITY CURVE.

IT VERSIONs JULY 1967,

Y=ABS(X)
XS=X#*X
IF (Y-UeB) 2Us2Us21
20 PINT=X®(XSH(XS*(XS*(XS* (XSH(XS* 646596935E-T7 - 9¢4446563E-6 )
3 4+ 1¢1543469E-4 ) - 141873282E-2 ) + 949735570E-3 )
B = 6¢6490380E-2 ) + 2.9894228 1) + 4
RETURN
21 7= 4398094228 *SXP(-XS/2.)
IF (Y=-540) 22922422
22 T=1e/(1le+ Ca2316419 *Y)
PINT=Z®#T#(TH*(T*(T*(T* 1433027443 - 1.321
b 563782 ) + «321938153 )

38 ) + 1478147794 )

PINT=Z#C/R
3 IF (X) 31,3133
31 RETURN
33 PINT=14-PINT

RETURN

END




SUBROUTINE SORTX
REAL x(1)

NM N=1

DO ) J=19NM
1s = J

JP = J+1

DO 12 1=JPsN

PE XL ) =X(15))
s =1

CONTINUE

XH = X(J)

XtJ) = X(1S)
X(1S) = XH

) CONTINUE

RETURN

=ND

=36/

(XoN)

13912512
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SUBROUTINE SIHQ (AsEsNsK3)
S1ii0 SOLVES THz SYSTEM
IN N UNKNOWNSe

! OF N SIMULTANEQOUS LINEAR EQUATIONS
A SINGULAR SOLUTIONy 0 OTHERWISE.
IN cOob CUTIVEZ LOCATIONS.

D THE SOLUTION RETURNED IN B

67 SCIENTIFIC SU2ROUTINE PACKAGE.

A
ADAPTED FROM THE SYSTEM/3
DIMENSION A(1)sB(1)

F (NY) 95,099,593
IF (APS(A(1))-TO
€s=1

RETURN
B1)=R(1)/A(1)
RETURN

JJ=-N

D0 65 J=1sN
JY=J+1

JJ=JJ+N+]

B1G

L)

BSIA(TJ))) 2D930,3

CONTINUE
IF (ARS(3IGA)-TOL) 35+35.40
KS=1
RETURN
11=J+N#(J=-2)
IT=1MHAX-J
DO 50 K=JsN
11=11+N
[2=11+1T7
SAVE=A(T1)
AfI1)=A(12)
A(12)=54avE
ALT1)=A(11)/81GA
SAVE=R (IMAX)
B IMAX
B(Jy=
IF (J=N) 55970955
I1Q5=N#*(J-1)
DO 65 IX=JYsN
IXJ=1Q5+1X
IT=0-1X
DO 60 JX=JYsN
IXJIX=N#*(IX=1)+1X
JIX=IXIX+IT
ACIXIX)=ACIXIX)=(ACIXJI) *A(JIX))
BUIX)=B(IX)=(E5(JI*A(IXJ))
IT=N#*N
DO 83 J=1sNY
IA=1T-J
3=N-J
I1C=N
DO 80 K=1sJ
3(IB)=3(IB)-A(TA)*B(IC)
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SUBROUTINE MINV (AsNsDslL s™)

MINV INVERTS THE N BY N MATRIX As WAICH IS STORZD COLUMNAWISE
IN CONSECUTIVE LOCATIONSs AND STORES THE INVERSE IN Ae D 1S THE

VALUE OF THE DETERMINANT OF As L AND M ARE WCRK VECTORS OF
LENGTH N
DIMENSION A(1)sL(1)sM(1)
SEARCH FOR LARGEST ELEMENT

D=1.0

NK==N

DO BU "K=1sN
NK=NK+N
L(K)=K
MIK)=K
KK=NK+K
BIGA=A(KK)
DO 20 J=KsN
1Z=N*(J-1)
DO 20 I=%X,N
1J=12+1

IF( A3S(BIGA)- A3S(A(IJ))) 152235420
BIGA=A(1J)
L(K)=I
MIK)=J
CONTINUE

INTERCHANGE ROWS

J=L(K)

IF(J=K) 35435925
KI=K=N

DO 3C I=1,sN
KI=KI+N

HOLD=-A (K1)
JI=KI-K+J
ALKT)=A(JI)
A(JI) =HOLD

INTERCHANGE COLUMNS

I=M(K)

TF(I=K) 45945438
JP=N#®(1-1)

DO 40 J=1sN
JK=NK+J

JI=JP+J
HOLD=-A(JK)
ALJK)=A(J])
A(JI) =HOLD

DIVIDE CCLUMN 3Y MINUS PIVOT (VALUE OF PIVOT ELEMENT 1S
CONTAINED IN BIGA)

IF(BIGA) 48,46448
=040

RETURN

DO 55 I=1sN

IF(I-K) 50955950
IK=NK+1

ALIK)=A(IK)/(-31GA)

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

034
054
055
056
057
0s8
059
06C
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080

082
083
084
085
086
087
oss
089
090
091
092
093
094
095
096
057
098
059
100
101
192
103
104
105
106
107]
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CONTINUE

REDULE MATRIX

1J=1J+N

IF(I=-X) 6065462
IF(J=-X) 62965462
LJ=1J=1+K
ALTJ)=A(TIKI*¥A(KJII+A(TD)
CONTINUE

DIVIDE Row BY PIVOT

KJ=K=N
N0 75 J=1sN
KJ=KJI+N

IF(J=K) 70575570
A(KJ)=A(KJ) /BIGA
CONTINUF

PRCDUCT OF PIVOTS

D=D*EIGA

- 39 -

REPLACE PIVOT BY RECIPROCAL

A(KK)=1e0/BIGA
CONTINUE

FINAL ROW AND COLUMN

K=N

K=(K=-1)

IF(K) 153415Cy1us
I=L(K)

IF(I1=-K) 120912029138

DO 110 J=1sN
JK=JQ+)
HOLD=A(JK)
JI=JR+J
ALJK)==A(J])
AtJI) =HOLD

=M(K)

IF(J=K) 10091309125
KI=K=N
D0 130
KI=KI+N
HOLD=A(XI)
JI=KI-K+J
A(KI)==A(J])
A(JI) =HOLD
GC TC 100
RETURN
END

INTERCHANGE

MINV
MINV
WINV
MINV
MINV
MINV
MINV
MINV
VINV
MINV
MINV
MINV

108
109
110
111

149
150
15
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
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APPENDIX C. Bibliography on Distribution Mixtures

The following is an unselected bibliography on the general subject of
distribution mixtures (also called mixed distributions, compound distributions,
convolutions of distributions, or, somewhat imprecisely, polymodal frequency
distributions, by various authors). It is intended to be the start of an
exhaustive bibliography, but it is based on the major statistical journals and
it is possible that isolated papers in biological or psycliological journals, for
example, have been overlooked.

Bartlett, M.S., and P.U.M. Macdonald. 1968. 'Least-squares'' estimation of
distribution mixtures. Nature 217: 195-19%.

Beale, E.M.L., and C.L. Mallows. 1959. Scale mixing of symmetric distributions
with zero means. Ann. Math. Statist. 30: 1145-1151.

Bhattacharya, C.G. 1967. A simple method of resolution of a distribution into
Gaussian components. Biometrics 23: 115-135.

Blischke, W.R. 1962. Moment estimators for the parameters of a mixture of two
binomial distributions. Ann. Math. Statist. 33: 444-454.
1964. Estimating the parameters of mixtures of binomial distributions.
J. Am. Statist. Ass. 59: 510-528.

Boes, D.C. 1963. On the estimation of mixing distributions. Ph.D. thesis,
Purdue University, Lafayette, Indiana.
1966. On the estimation of mixing distributions. Ann. Math. Statist.
37: 177-188.
1967. Minimax unbiased estimator of mixing distribution for finite
mixture. Sankhya A 29.

Brown, G.M. 1933, On sampling from compound populations. Ann. Math. Statist.
4:  288-342.

Buchanan-Wollaston, H.G., and W.C. Hodgeson. 1929. A new method of treating
frequency curves in fishery statistics, with some results. J. Cons.
4: 207-225.

Burrau, C. 1934. The half-invariants of the sum of twao typical laws of errors,
with an application to the problem of dissecting a frequency curve into
. Skandinavisk Aktuarietidskrift 17: 1-6.

Cassie, R.M. 1954. Some uses of probability paper in the analysis of size
frequency distributions. Austral. J. of Marine and Freshwater Res.
5: 513-522.

Charlier, C.V.L. 1906. Researches into the theory of probability. Meddelanden
frau Lunds Astron. Observ., Sec. 2, Bd. 1.
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Charlier, C.V.L., and S.D. Wicksell. 1924. On the dissection of frequency
functions. Arkiv for Matematik, Astronomi och Fysik, Bd. 18, No. 6.
Cohen, A.C. 1965. Estimation in mixtures of two normal distributions. Univ.

of Ga. Technical Report.

1966. A note on certain discrete mixed distributions. Biometrics 22:
566-572. i

1966. Discussion of "Estimation of parameters for a mixture of normal
distributions'" by Victor Hasselblad. Technometrics 8: 445-446.

1967. Estimation in mixtures of two normal distributions. Technometrics
15-28.

o

Feller, W. 1943. On a general class of contagious distributions. Ann. Math.
Statist. 14: 389-399.

Gottschalk, V.H. 1948. Symmetrical bimodal frequency curves. J. Franklin
Inst. 245: 245-252.

Gumbel, E.J. 1940. La dissection d'une répartition. Annales de l'Universite
de Lyon, Series 3, Section A, Fascicule 2: 39-51.

Hald, A. 1952. Statistical Theory with Engineering Applications. John Wiley
and Sons, Inc., New York. p. 152-158.

Harding, J.P. 1949. The use of probability paper for the graphical analysis
of polymodal frequency distributions. J. Marine Biol. Ass. of the U. K.
28(1): 141-153.

Hasselblad, V. 1966. Estimation of parameters for a mixture of normal
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Fig. 1. The length-frequency histogram for 523 pike caught in Heming

Lake, Manitoba, in August and September 1965. Ages I to V are mixed

together.

The five different age groups do not appear as distinct
modes in the mixed distribution.
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Fig. 2. The length-frequency histogram of Fig. 1 broken down by age,
after the age of each fish was determined by scale reading.




