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COMBINING-ABILITY DETERMINATIONS
FOR INCOMPLETE MATING DESIGNS

E. B. Snyder®

It is shown how general combining ability
values (GCA’s) from cross-, open-, and self-
pollinated progeny can be derived in a single
analysis. Breeding values are employed to facili-
tate explaining genetic models of the expected
family means and the derivation of the GCA’s. A
FORTRAN computer program also includes
computation of specific combining ability
values and several options.

Additional keywords: Diallel cross, reciprocal
cross, specific combining ability, panmixia.

The plant breeder ranks parents according to their
general combining abilities. The calculation of mean
effects is complicated when all parents of a particu-
lar set have not been crossed systematically, but
theories and procedures for analyzing even severely
unbalanced data are nevertheless available (Bohren
etal. 1965, Gilbert 1967 ).

The mathematics of such theories may present
difficulties to the practical breeder. Here, I advance
a simplified explanation by showing how breeding
values (2 GCA -+ X terms) can be manipulated for
analyzing data from cross, self, and open pollina-
tions in a single analysis. T will also discuss the use-
fulness of selfing, a means of testing the randomness
of open-pollination, a technique for estimating the
population mean, and a method for combining data
from several experiments.

As computer programs for such unbalanced data
have generally not been published, a versatile, effi-
cient FORTRAN program is described along with
substitute procedures requiring no more than a desk
caleulator.

1The author is Principal Plant Geneticizsi, Southern Forest Experi-
ment Station, Forest Service—TUSDA, Gulfport, Mississippi. He is
indebted to W. L. Nance, Southern Forest Experiment Station, for
much guidance, and to N. E. Gilbert, University of Br Columbia,
and N. G. Alvey, Rothamsted Experiment Station, England, for test
data and comments,

THEORY AND APPLICATIONS

When reciprocal crosses are pooled, a model for
determining general combining ability effects
(GCA’s) from intercrossed parents is:

Vii=pgea; gea; +-#ix
where y;;.=k'" individual in the i, j** cross
gea; =GCA effect of the i* parent

with the assumptions that
In;gca; =0
[ei;x}~NID (0,0%)
where n;=the number of plants per family (given
a value of 1 in unweighted analyses).
The GCA estimates are applicable only to the re-
stricted set of parents tested, i.e., the model is fixed.
Breeding values (2 GCA-+X) are easily visual-
ized and hence facilitate explaining the genetic
model. A value of the i'" parent is (2 GCA,+X), or
twice the parental contribution to an individual
progeny. The models for the expected family means
(mid-parental values) of individual progeny of
various types are:

Cross-pollinated (2 GCA,+X)--(2GCA; +X)
5
—=GCA,+-GCA X

Self-pollinated (2 GCA,-+X)--(2GCA,+X)
2
—2GCA,+X

Open-pollinated (2 GCA,+-X) (2 GCA,,-+-X)
9

id

= (GCA,+GCA,,+X
or (GCA,+X), because GCA,,=0.



Since formulae for all three family types are built
up from breeding values, observed means can be
used to calculate breeding values for each family
type. Furthermore, breeding values for each type
can be entered independently or together in a single
diallel analysis, thereby giving more replication and
confidence to estimates.

Selfs should be incorporated only if there is no in-
breeding depression. As the structural model shows,
an extreme breeding value is doubled among selfed
progeny, whereas among crosses it is diluted by be-
ing paired with a less extreme value. Thus, the ex-
tremeness is a “selfing” effect only in the sense that
a single extreme breeding value (variant) would
not be so conspicuous in cross-pollinated progeny.
If there were no inbreeding effect or if it could be
compensated for, selfing would efficiently and un-
ambiguously identify extreme parents.

Provided there are some parents in common,
populations of various types of material from differ-
ent experiments can be used in a single diallel table
by adjusting breeding values and, from these, the
phenotypes to be integrated. Combining popula-
tions thus requires the preliminary analysis of each
and subsequently calculating the adjusting ratios
from the average of breeding values in common.
Similarly, data from separate plantings of the same
families may be combined after appropriate adjust-
ments.

Data from open-pollinated (OP) families can be
included in the same analysis with those from cross-
pollinated families. This is possible when wind-
borne pollen is treated as that from a single male
parent representing the population. Two values of
interest to the breeder can be deduced from the OP
model. Deviation of the GCA,, value from zero
measures the deviation of selected females from
randomness. Also, the mean of the population is
estimated by the OP breeding value.

The computer calculations are based on the usual
least-squares methods suggested by Gilbert (1967)
and illustrated by England (1974). If a computer is
not available, iteration with a calculating machine
will serve. Thus, for unweighted analysis with re-
ciprocals absent or pooled and no selfs ( Yates 1947),
parental mean of i** parent, P;2<
Breeding value of i'* parent 4+ BV of other parents

crossed with P,
1)

L

For example, the breeding value for parent 3 of a 13-
parent half-diallel with no selfs becomes:

(2 GCA,+X)=2P:—1/12(2GCA,+X-+2 GCA,+

X+2GCA,+X. .. +2GCA,-+X)
The P, value is the mean of all families for which P,
is a parent. When the initial equations are set up, P,
values must be substituted for the (2GCA,-+X)
values within the righthand parentheses. As the
analysis continues, (2GCA,-+X) values are entered
as soon as determined. Usually, satisfactory con-
vergence will be achieved with five or fewer itera-
tions.

Once the breeding values are found, specific
combining abilities may be computed directly in the
usual way:

SCA==observed mean of i*", j*" family
(2 GCA+X)+(2GCA;-+X)
2
By definition, SCA’s are not appropriate for selfs.

Because the mid-parental expectation of a cross
is the last term in the formula, definition and use of
(2 GCA--X) breeding values is easy. They are
simply parental values which, when averaged, pre-
dict performance of the cross. The convenience and
ease of visualization for instruction and breeding
are lacking with GCA or 2 GCA deviations alone.

THE PROGRAM

The mathematics of the program is similar to that
used by most statisticians—least-squares equations
are formed and GCA values are solved for by invert-
ing the matrix according to the elimination method.
For some limitations to the program, Gilbert (1967)
should be consulted. Solutions may differ slightly
depending on the degrees of design balance and
order in which data are fitted. Also, if it is desired to
estimate values separately within male or female
sets, Milliken et al. (1970) should be consulted.

The usefulness of the program lies with its sup-
plementary options and listings:

Sum or mean data with or without the number
of plants per family may be entered for as many
as 50 parents. Options are offered for weighting
by number of plants, not weighting, or both. If no
reciprocal crosses are present, data are entered as
upper-triangle matrix elements. Reciprocal data
are entered in the lower triangle and will auto-
matically be accumulated or averaged into the
upper triangle.

Input or data errors will be signalled, after
which the analysis will be terminated and the next
one started. Warnings of some types of singular or



near-singular solutions are given. The program is
generously supplied with comment cards that
should facilitate modification by others.

Listed in addition to combining ability and
breeding values are: the data entered, family
means, number of parents, effective number of
families per parent, mean breeding value, and
experimental mean.

The inverse is printed for possible use in ob-
taining confidence intervals for the GCA values
(Milliken et al. 1970). An error mean square must
be available from a separate variance-analyzing
program. The program of Schaffer and Usanis
(1969) is adequate and so versatile that we do not
supply variance terms except for a GCA sum of
squares for comparison with it and other pro-
grams.
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EeBe SNYDER-W.NANCE,SFES THIS PROGRAY IS FOR ANY TYPE OF DIALLEL
BUT ASSUMES NC SELFING EFFECTS.SUMS wITH PLANT COUNTS/FAMILY,AND
MEANS wITH OR wITHGUT C(OUNTS MAY BE ENTERED TO OBTAIN WEIGHTED OR
UNWEIGHTED VALUES.ALL TYPES OF DATA ARE ACCUMULATED IN UPPER TRI-
ANGLE OF MATRICES FOR ANALYSIS

ok hk ok ok ok ok ok ok ok ok ok ok

* CARD ORDER %
Kk hk Kk ok k ok Kk K

CONTROL CARYD * &
INPUT FORMBT (CARD * REPEATED FOR EACH EXPERIMENT
TITLE CARD *
DATA CARDS * ok

TREILER CARp *%x COKSISTS OF A& BLANK CARD USED ONLY AFTER FINAL
DATA SET

Kok ok de ok ok k ok ok Rk ok ok kR K

* CONTROL CARD =

RS R R A EREEEEESSS

COLS.1-7 CONTROL

COLS«E=10 PRGBLEM NO.

COLS.11-13 NUMBER OF PARENTS

COLSe14~17 NO« OF FAMILIES WITH DATA--LEAVE BLANK IF COL.19 IS ©

* 7 IF ID IS PROVIDED wITH DATA
COLSe1&=19 PUNCH=
* § IF NO ID IS PROVIDED. IN THIS CASE ZEROCS
MUST BE ENTERED WHERE MISSING DATA

*1T IF DATA ENTERED ARE SUMS AND PLANTS/FAMILY

COL. 21 PUNCH * 2 IF DATA ENTERED ARE MEANS AND PLANTS/FAMILY
*3 IF DATA ENTERED ARE MEANS ONLY
*1 IF ANALYSIS WEIGHTED BY PLANTS/FAMILY

(oL« 23

PUKNCH * 2 IF WEIGHTED AND UNWEIGHTED ANALYSIS
*3 IF UNWEIGHTED ANALYSIS

HhE A A KA KA A X Ak bk kK hk k&
* INPUT FORMAT CARD =

IS AR ER RS ESEEE RN SRR

PLANTS/FAMILY, IF USED,ARE ENTERED IN F FORMAT

AAkkkdkhxhhkdth bk

* TITLE CARD =
hhk Ak A A KK KR EE KKK

CO0LS.1-5 TITLE
COLS«E=72 TEXTUAL IDENTIFICATION OF THE VARIARLE QR CHARACTER

HE kAR KK EK AR KK R
* DATA CARDS =
Kk ok Ak kkhkhkE kKK

ONE TRAIT AT A TI¥E IS ANALYZED. WYEASUREMENT DATUM FOR A FAMILY
IS PREFERABLY PRECEDED BY PARENTAL COMPOSITION 1ID,«HERE FEMALE
(CODED SEQUENTIALLY 1 TO N) IS IMMEDIATELY FOLLOWED BY & SIMIL-~
ARLY CODED MALEGE.6.0102 GIVES BOTH PARENTAGE AKND MATRIX INDI-
CES. THE MEASUREMENT DATA MAY BE FOLLOwED IN THE SAME FIELD oY
NUMBER OF PLANTS/FAMILY. SEE OPTIONS LISTED FOR CONTROL CARDS
ABOVE.THE DATA FROM MORE THAN ONE PLANT CAN BE PLACED ON ONE
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65=%
66*
67 %
GE®
69 %
70x
71
72%
73%
T4x
75%
76%
77 %
T&x*
76%
BOx
g1
82 *
83 %
84 %
B5*
86*
87 %
§8%
9=
S0+
91%
Gz *
G3w
G4 *
G5 %
G6*
§7 %
G8&*
G9*
100 =
101+
102 =
103+
1064 =
105«
106+«
107
108 *
106 =
110+
111%
112%
113~
114 %
115%
116
117+«
118%
119«
120
121 %
122+
123x
124 %
125%
126%
127 %
128
129 %

¢
¢
C
¢
¢
¢
¢
¢
¢
¢

5

10

20

20

40

50

&0
¢
¢

~§
[}

o0
(]

-
oy
[an]

CARD ONLY IF ID”S ARE NOT SUPPLIED BUT HERE THERE ARE NO INPUT
ERROR (HECKS. ALL DATA ARE ENTERED BY ROWS AND,y IF THERE ARE NO
RECIPROCAL CROSSES,IN THE UPPER TRIANGLE. WHERE THE TRUE VALUE
OF DATU™ IS ZERO, A VERY SMALL NUMBER MUST Bt ENTERED INSTEAD.

A A A A A A A AR A AT RAE A A A A A A A AT A A A AR A A AR A A AT A X R R A AR A A AL A XA AR AA AR A A AT A A A A kR A

REAL NN,M¥, KK

INTEGER PT1,DE,wT4W,EMPTY,CONTRO

DIMENSION U(50,50), X(50,50), IX(50,50), KK(50,5C), MM(50,50), NN(
50,50), @(50,50), Y(SQ0,1), N(50C)Y, P(50), B(S50), 6(50), FMT(12), TI

2TLECT1), XPY(S5U,1)

FOR SOME COMPUTERS THE FOLLOWING MAY BE NEEDED
DIMENSION RAY(50,50), BB(S50,1), JJ(50)
EQUIVALENCE (IX,X)
DATA CONTRO /6HCONTRO/
DATA I0U,IIU /6,57
DATA EMPTY /S5HEYPTY/
WRITE (I0U,530)
READ (IIUgS70'END:SBS) IA
IF (IANELCONTRO) GO TO 60
READ (U4540) PT1 NFyID,DEsWT
IF (P1.EQ.0) GO TO 520
READ (IIU,550) C(FMT(IMN),,I1=1,12)
READ (IIU,590) (TITLE(I3),13=1,11)
DO 30 IJK=1,P1
DO 30 IkL=1,prP1
NM(IJK'IKL)=G.
IXCIJKGIKLI=EMPTY
CONTINUE
IF (ID.EG.1) GO TO 40
IF (IDeEQeUeANDDESLT3)Y READ (IIUGFMT) (UXCIoJ)gNNCI4d)d=1,P1),1

1=15P13

IF (ID.EG.OANDDELEQL3)Y READ (IIULFMT) ((X(I,4),4=1,P1),1=1,P1)
GO0 T0 &0
DO 50 IJK=T1,4NF
IF (DELT&32) READ (IIU.FMT) IFEM,IMAL,XIN,XNNIN
IF (DEEQe3) READ (IIULFMT) IFEM,IMAL,XIN
IF (IFEMGLE.USORJIFEM.GT.P1T) GO TO 60
IF (IMAL.LE.C.CR.IMALGT.P1) GO TO 60
IF (IXCIFEMIMAL) .NELEMPTY) 60O TO 60
XCIFEM, IMAL)=XIN
IF (DE.LT«3) NNCIFEM,IMAL)=XNNIN
CONTINUE
G0 T0 50
WRITE (IOU,560)
SEARCH FOR OTHER PROBLEMS SUBMITTED BUT AN ERROR (AN RUIN THE
READING IN OF IMMEDIATELY FOLLOWING PROSLE(S)
READ (L11U,570,END=520) 1A
IF (IA.NELCONTRO) 60 TO 70
READ (54540) PI,NF,ID,DE,WT
60 T0 20
WRITE (10U,580C)
WRITE (I0U,59C) (TITLE(I3),13=1,11)
WRITE (10U,400) P1
D0 90 11=1,P1
DO 9U 12=1,P1
IF (IX(I1,12).EQ.EMPTY) X(11,12)=C.
CONTINUE
KOUNT=(
Do 100 I=1,P1
DO 100 J=1,P1
UCL,d3=X(1,4J3
CONTINUE

ey



130 IF (DECNELT) GO TO 128

131+ b0 110 I=1,P1

132%* DO 110 J=1,P1

133x IF (NN(ILJ).EG.0.) 60 TO 110
134 X{I4J)=X(I4d)/NNCI,ID

135% 110 CONTINUE

136x% C TEST FOR RECIPROCALS IN LOWER TRIANGLE
137 120 b0 1329 1=2,P1

1238% L=1-1

136 * Do 130 J=1,L

140% 130 IF (X(I4Jd)eGT.0.) GO TO 420
141 wW=0,

142 C GIVES NATURE OF DATA ENTERED AND WEIGHTING DESIRED
143 % 140 IF (DEJNEL1) 60 T0 150G

144 % WRITE (I0U,610)

165% 150 IF (DECNELZ) GO TO 190

146 WRITE (IQU,420)

147 % IF (DECEG2.AND.wTeEG.3) GO TO 160
148 WRITE (I0U,437)

1469 160 WRITE (10U,640)

150 % C ENTER 17S IN NN MATRIX IF UNWEIGHTED ANALYSIS
151 DO 170 1Jk=1,P1

152+* DO 170 IkL=1,P1

153 = 170 NNC(IJK,IKL)=0.

154 % Do 180 I1=1,P1

155% DO 180 J=1,P1

156% IF (XCI4d)eNESOe) NNCIgd)=1,
157 180 CONTINUE

15&x GO TO 210

159% 190 IF (DE.EQ.1) GO TO 200

160+ WRITE (I0U,650)

161% 200 IF (WT.EQ.3) GO TO 160

162+ WRITE (IQU,4660)

163 2106 po 220 1=1,P1

164 % DO 220 J4=1,P1

165% 220 KKEIoJd)=NN(T,J)

166 o ADJUST FREG OF SELFS IN DIAG OF NN
167% DO 230 I=1,P1

168 % NNCI,I)=4o*NNCI,I)

169 % 220 CONTINUE

170 KOUNT=KOUNT+1

171 % DO 240 I=1,P1

172%* N(I)=(

173 % PC(1)=0.

174% 240 8¢1)Y=0.

175% N2=0

176% C START MAIN PROGRAM BY SETTING SELF DATA IN ACCUMULATORS
177 DO 250 1=1,P1

178 % NCIDd=0.5«NN(I,1)

179 % PCIJI=0eSaNNCILI)*X(I,1)

180 250 CONTINUE

181 C ACCUMULATE YIELDS AND COUNTS FOR EACH PARENT
182 % DO 260 J=2,P1

183« L=d4-1

184 % Do 260 I=1,L

185% IF (X(I,d)eEG-0e) GO0 TO 260
186% NCIY=N(I)+1

187 N{JY=NCY)+1

138 % PCId)=PCIYHNN(TfJ)*X (1,4

189 * PUUI=PCIISNNCI LY =X (]I,4)

190 260 CONTINUE

191= DO 270 1=1,pP1

1927 NZ=N2+N (1)

193 270 CONTIRUE

194 % C ARRANGE P(J) IN MATRIX AND PRINT
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185%*
196%
197
198
199
200
201
20ex*
203
204 =
205 %
206
207«
208=
206G
210=
211 %
212+%
213+
214*
215+%
216>
217 %
218x%
219+%
220%
2=
222%
223 %
224 %
225%
226 %
227 *
228 %
229*
230+
231 %
232 %
233
234 %
235«
236%
237=%
238 %
239%
240
261+=
242 %
243 %
2b4b*
245+=
2466 %
247 %
248 %
265 %
250
259«
252%
253 %
2564 %
255%
256%
257 %
258«
259%

280

290

300

(WY
b Lah
LA

(%]
o
<

i
~
)

bo 2

Y(J,13=2.%P ()

8C J=1,pP1

CONTINUE
Do 290 1=1,P1

XPY (I,412=Y(1,1)

CONTINUE
DUPLICATE UPPER NN ELEMENTS IN LOWER TRIANGLE
DO 300 I=1,L

b0 2CC J=2,P1
NN(J,I)=NN(T L)
ACCUMULATE TOTAL ADJUSTED COUNTS IN DIAGONALS
DO 320 Jy=1,P1

N(JI=C.

0O 210 1=1,P1
NCIISNCII+NNCS, 1D

CONTINUE

NNCJ,d)=n0d)

CONTINUE
WRITE (I0U,67C)
WRITE (IOU,5%E8C)

S=0.

DO 330 1=1,P1

g(

S=

I3=Y(1,1)
S+8(I)

CONTINUE

XPi=

P1-NDEP

$=S8/xP1
IF (NDEP.EG.C) 60 TO 335

$=S/
JXpP1

ZOG
= xp1

(NNCIZI),1I=1,FP1)
CALL MATINV (NN,P1,Y,1,DETERMNDEP,1)
WRITE (I0U,690)

NDEP

DO 332 1 = 1,4xP1

B(I)

=B(I)-S

CONTINUE
4RITE (I0U,7C0)
EAN AND SS TERMS LINK WITH ANV

UM
Sumz

=0,
:G.

SUM3I=0,

oo 3

40 I=1,P1

DO 340 J=1,P1

po 3

SUMTI=SUMT+X(I,J)*KK(I,J)

S

SUMZ=SUMZ+KK(I,44)

CONTINUE
50 1=1,P1

SUMZ=SUMI+XPY(I,1)*Y(I,1)

o
%1

NTINUE
=SUMT/SUM2

SUMZ2= ((SUMTIx*2)*xSyum2
SUME=(SUM3/4.0)-5UM2

WRIT
WRIT
WRIT
WRIT
po 3

E (Io0U,710)
E (IC0U,7203
E (I0U,730)
E (I0U,740)
60 d=1,pP1

sumz
Sum3
sym1

IF (BUJ)WEG.0e) BUI)=S
GLI=((B(Y)=S)72.0)

€o
bo 3
L=
bo

NTINUE
70 I1=1,P1
I+1

270 J=L,P1

IF (X(I,d).E6.

IF (X(I4d)eN

CONTEINUE

G.0e3 @
EOGU) Q

(1
(1

ed )
J3

ion

v e

(T d)=(B(I)+B(JIY/ 2.



b
2ol WRITE (I10U,750)

261 %
Ze1 ;?L%D;PRINT (NN P1,1,6HNN MAT)
e o eGT e TeANDaweERTC)Y GO TO 360
S V% DELEGaTeAND4awsEQLT) GO TO 38D
2654 L weRing Con
< i N RK;F’ 1 ™M
= SR
NT (U, P11 v
2 NT (U, P1 ”
i s o
2 » U,800) (6 -
- & =
;;Zj WRITE (Iou:ﬁé?i (B I=ThED
Ay LINES=0
277> DO 413 1=1,p1
27t DO 410 J=1,°1
75 IF (KK(I,J)+£0.0.) 60 TO 410
o LINES=LINESH]
SN iiNéngES.NE-51) GO TO 40C
ggz: ot igiIE (I0UL220)
LU ¥ E ( e B4 D
giz: 10 CGR¥1MUEOU,JQJ) Tod e KK{I o J) o X (I 3d)4Q0C1,4)
Cer é; i;T;EQ=ZaANEaKOUNT=LT-Z) G0 TO 140
288 % C THIS E?
ggg: iog wod® NDS ANALYSIS
(”3 C THE FOLLOWING PUTS RECIP
g;;: ;; (2§'LT°3) ol 4561 S IN HALF DIALLEL FORM
o LE0 iJK:1,91
293+ L., P9 430 IKL=1ed
oo 20 0o Ni(IJK,IKL):G
295+ ) 44D 1=1,P1
297+ 440 Doxié%xﬁ:1’p1
;;;: 2o b0 wen 1:1’;$)'NE.G.) NN{I.d)=1.
295+ DO 460 J=1,P1
01 60 XCLogdI=NNCId)*X (1,433
i ‘ CQNTI%UE
hea DO 470 521,91
o - DO 470 J=1,P1%
104x 5 WR (L, ) ENN (T, 8
;aé* DO 435[}‘17?1
306+ b0 450 4=1,p1
I NNSI;J)sz(IgJ)*NN(J,I)
oo 50 X(L,f)=X(I;3)*X(J;I)
Tie &80 CSNTINUE
i DO 490 I=1,P1
12 NNCI I)=0.5%NN(I,1)
N oo X(;¢I)ZG.5*X(I,I}
1 &5 4 COiTINUE
315% SOL§§S1I:Z'Q1
3121 DO SGO J=1,L
Elé* gN(I,J)=Gc
3184 o X(Iyd)=0.
30 1] CONTINUE
i D0 510 I=1,P1
i;;: DO S10 J4=I,P1
e IF (X(1,3d).FEd.0a) 60 TO 510
3 X €I, )X (T3d) INNCIod)
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324%
225%
226 %
127
228 %
229 =
230
231%
332%
332
234%
335%
336
337
138«
I3IG%
340
241 %
242%
263 %
hb
345%
3466
247
348%
349 %
250+
3i571%*
252
352%x
254«
355%
56
357«
I58+
359 %
360%
161+
362%
263 %
ZH4%
365%
366%
367 %
368«
269
370
371 %

513 CONTINUE

GO TO 140
520 sToOP
530 FORMAT (1H1,61H GCA AND SCA VALUES FOR COMPLETE OR INCOMPLET

1E DIALLELS)

540 FORMAT (10X,12,14,312)

550 FORMAT (1286)

560 FORMAT (1HO,65H END OF ANALYSIS OR TERMINATION DUE TO INPUT FORMAT
1 OR DATA ERROR)

570 FORMAT (A&)

S80 FORMAT (THO,5TH * * % % % % * % % % % % * % % * % % * % * *x * % X
1)

590 FORMAT (1HU,6X,;1186)

600 FORMAT (1HU,25H THE NUMBER OF PARENTS ISsI14)

610 FORMAT(IHO,4TH DATA ENTERED WERE SUMS AND PLANTS/FAMILY)

620 FORMAT (1HO,2%H DATA ENTERED WERE MEANS ONLY)

630 FORMAT (1HC,37H WEIGHTED ANALYSIS NOT POSSIBLE)

640 FORMAT (1HU,20H UNWEIGHTED ANALYSIS)

650 FORMAT (1HC,46H DATA ENTERED WERE MEANS AND PLANTS PER FAMILYD

660 FORMAT (1THO,1%h wEIGHTED ANALYSIS)

670 FORMAT (1HO,8Z2H THE EFFECTIVE NUMBER OF FAMILIES OR PLANTS PER PAR
TENT(RECIPS ABSENT OR POOLEDJIARE)

680 FORMAT (1H (10F10.13

690 FORMAT (1HC,10C7H WHENEVER A DFPENDENCY(SINGULAR MATRIX) OCCURS THE
1. GCA EFFECT IS SET TO ZERO. THE NUMBER OF DEPENDENCIES IS 4132

700 FORMAT (1HC,28H THE MEAN(Z2GCA+XBARIVALUE IS,E16.9)

710 FORMAT (1HO,117H IF CORRECT DATA WERE ENTERED THE FOLLOWING WILL C
TORRESPOND TO TERMS FOUND BY INDEPENDENTLY DERIVED LEAST SQUARES AN
2Y)

720 FORMAT (1HO,23H THE CORRECTION TERM IS,E16.9)

720 FORMAT (1HU,31H THE SS TERM FCOR GCA EFFECTS 1S:E16.9)

740 FORMAT (1HUO,25H THE EXPERIMENTAL MEAN IS,E16.9)

750 FORMAT (THT1,5TH¥ATRIX INVERSE FOR DETERMINING CONFIDENCE INTERVALS
13

760 FORMAT (1H1,64H THERE WERE RECIPROCAL CROSSES.THE ORIGINAL PLANTS
T /FAMILY WERE)D

770 FORMAT (1H1,71H THERE WERE RECIPROCAL CROSSES.THE DATA ENTERED--

1 MEANS OR SUMS—-=-wERE)

780 FORMAT (1H1,39H THE ORIGINAL DATA ENTERED AS SUMS WERE)

790 FORMAT (1H1,24H THE MEAN GCA VALUES ARE)D

00 FORMAT (1H 45E20.9)

10 FORMAT (THT1,2¢6H THE (2GCA+XBAR)IVALUES ARE)

820 FORMAT (1H ,S5E20.9)

B30 FORMAT (THT 20K e THIZSX  THI y7X s THNTAX o4 HXBARG 14X 3HSCAR/S)

B40 FORMAT (TH ;10X ,1246X4124y2E76.9)

END



1% C SURBROUTINE MPRINT

2% o

% C THIS SUBROUTIME WILL PRINTOUT SQUARE MATRICES UP TO SCX50
4% C ALL ROWS AND COLUMNS ARE APPROPRIATELY LABELED.
5% C DEFINITIONS OF SUBROUTINES ARGUMENTS
6% C RAY(I,J) = MATRIX TO EE PRINTED

7% o MZORDER(MAXIMUM OF 5T}

8% C L=1 FOR 6E20.9 OUTPUT OR 2 FOR 1CFl2.2
9% C TI IS A SIX-CHARACTER DESIGNATE OF THE MATRIX
10=% C

11x% SUBROUTINE MPRINT (RAY MyL,TI)

12% DIMENSION RAY(S50,50),JJ(50)

13% IF(L=1)2,2,4

14% 2 L1=5

15% GO TO0 5

16% 4 Ll = 9

17% 5 Jl = ¢

1 8% Jz = @

19% JSEC = O

20 % DO 8 Iz 1,M

21 8 JJ(Iy=l

22% 9 J1 = J2+1

22x% J2 T Ji+L1l

24% IF(J2-M113,13,12

25% 12 J2=M

26% 13 JSEC = JSEC + 1
27* IF(JSEC - 1) 18,18,19

28% 18 WRITE(6 ,17) TI,LJSEC

29% 17 FORMAT(1HO,A6,9H SECTION ,I3/)

0= GO TO 201

31% 19 WRITE(6 ,20) TI,JSEC

32 20 FORMAT(1Hl1,A6,9H SECTION ,I3}

33% 201 IF(L=-1)21,21,26

34% 21 WRITE(E 422) (JJ(I), I=J1,d2)

L 35% 22 FORMAT(6HO POW 43X,112,5I20C)
S 36% DO 23 IZ1,M

37x% 22 WRITE(6,24) I, (RAY(I.K), Kz=dl,J2)
38% 24 FORMAT(IG6 14X 46E20.9)

39x% GO TO 31

4% 26 WRITE(6 ,27) (JJ(I),I=d1,d2)

41x% 27 FORMAT(6HO ROW ,3X,1CI11}

42% U0 29 IZ1,M

4 3% 29 WRITE(6,30) I, (RAY(I,K),K=J1,d2)
44yx 30 FORMAT(IGE,4X,10F11.4)

5% 31 IF(J2-M)19,32,32

46% 32 RETURN

4 7% END
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1% C SUBROUTINE MATINV MODIFIED TO HANDLE DEPENDENCIES
2% C

3% C PROGRAMMED BY BURTON S. GARBOW, ARGONNE NATIONAL LABORATORY,
4 % C AND REPORTED IN IBYM 704-709 SHARE LIBRARY AS AN F4O2.

5% C

6 x C THIS SUBROUTINE COMPUTES THE INVERSE AND DETERMINANT OF MATRIX
7 % C OF ORDER N, BY THE GAUSS—~JORDAN METHOD., A-~INVERSE REPLACES A,
& * C AND THE DETERMINANT OF A IS PLACED IN DETERM. IF M = 1 THE
9 C VECTOR EB CONTAINS THE CONSTANT VECTOR WHEN MATINV IS CALLED,
10+ C AND THIS IS REPLACED wITH THE SOLUTION VECTOR. IF M = 0, NO
11 C SIMULTANEOUS EGUATION SOLUTIONS ARE CALLED FOR, AND BB IS NOT
12+* C PERTINENT NN IS NOT TO EXCEED S0. A, NN, EBy My AND DETERM IN
13 % C THE ARGUMENT LIST ARE DUMMY VARIABLES.

14 = C IORDER=1 ROWS OR COLUMNS NOT REORDERED

15% C =0 REORDERED

16% Cc

17 C

18+ SUBROUTINE MATINV (A,NN,BB,M,DETERM,NDEP,IORDER)

16 % C SUBROUTINE MATINV DIMENSION

20 DIMENSION IPIVOT(S0),A(50,50) ,BBC(50,1)Y,INDEX(50,2),PIVOT(50)
21 EQUIVALENCE (IROW,JRCW), (ICOLUM,JCOLUM), (AMAX, TT, S#AP)
22 ¢ INITIALIZATION

23x% NDEP= (

24w EPS= 1.0E-06

25% 10 DETERM=1.0

26% 15 DO 20 J=1,4NN

27+ 20 IPIVOT(J)=0

28 20 DO 555 1 = 1, NN

29 % C SEARCH FOR PIVOT ELEMENT

30 c FOLLOWING ALLOWS FOR NO REORDERING

37 IF(IORDER.EG.D) GO TO 40

32 IROW=1

33% jcoLum=1

34 50 T0 110

35% 40 aMAX=0.0

36H 45 50 105 J=1,4NN

37 50 IFCIPIVOTCJY=-1) 60, 105, 60

38 60 DO 100 K=1,NN

39 70 IFCIPIVOT(K)=-1) 80, 100, 740

4O B3 1F(ABS(AMAX)=-ABSCA(J,K))) &5, 100, 100

41 &5 IR0W=J

4z > 90 I1COLUM=K

(3% 95 AMAX=A(J,K)

Lbw 100 CONTINUE

45 % 105 CONTINUE

4b* 110 IPIVOTC(ICOLUMY=IPIVOT(ICOLUM}+]

47 % C INTERCHANGE ROwS TO PUT PIVOT ELEMENT ON DIAGONAL

L8 % 130 IF(IROwW=ICOLUM) 140, 260, 140

49 140 DETERM==DETERM

50 150 D0 200 L=1,NN

S51= 160 SWAP=A(IROw,L)

52 170 ACIROW,L)=ACICOLUM,L)

53 200 ACICOLUM,L)=SWAP

54 % 205 IF(M) 260, 260, 210

55% 210 DO 250 L=1,M

56% 220 SWAP=BB(IROW,L)

57 % 230 BB(IROW,L)=8BC(ICOLUM,L)

58x% 250 BB ICOLUMLI=SWAP

59 % 260 INDEX(I,1)=IROW

0% 270 INDEX(I,2)=ICOLUHM

61 % 310 PIVOT(I)=ACICOLUM,ICOLUM)

&2 % IF(ABS(PIVOTC(I)).GT.EPSY GO TO 3220

63 % IF(M.NEL.TY GO TO 400

bhbx DO 3700 L=1,4
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65% 3700 BB(ICOLUM,L)=D.

66% DETERM=]

67 % NDEP = NDEP +1

68 % GO TO 555

69 % 320 DETERM=DETERM*PIVOT (1)

70% C DIVIDE PIVOT ROW BY PIVOT ELEMENT
71+ 320 ACICOLUM,ICOLUMYI=1.0

72%* 340 DO 350 L=14NN

73% 350 A(ICOLU%,L)=A(ICQLUM,L)!PIVOT(I)
74 % 355 1fF(M) 380, 380, 360

75% 360 DO 370 L=T1,.M

T6x* 370 BB(ICOLUM,L)=PB(ICOLUM,L)/PIVOT(I)
77 o REDUCE NON=PIVOT ROWS

78% 380 DO 550 L1=1,NN

79* 390 IF(LT1-ICOLUM) 400, 550, 400

B0x* 400 TT=AlLT,ICOLUM)

g1+ 420 A(LY,IC0LUMY=0.0

32 % 420 DO 450 L=1,NN

83x 450 ACLT,L)=ACLT L) =ACICOLUM,LI*TT

B4 x 455 IF(M) 550, 550, 460

85« 460 DO 500 L=1,M

B6x 500 8R(LT,L)=RB(LT,L)-BBRCICOLUM,LI*TT
87 % 5SSO0 CONTINUE

BE* 555 CONTINUE

8G* C INTERCHANGE COLUMNS

@C* 600 D0 710 I=T,KNN

PARS 610 L=NN+1-1

G2 * 620 IFCINDEXCLyTY-INDEX{(L,2)) 630, 710, 630
G3Ix 620 JROW=INDEX(L,1)

G4 640 JCOLUM=INDEX(L,2)

95 650 DO 705 K=T¢NN

96 660 SWAP=A(K,JROW)

7 670 A(K,JROWI=A(K,JCOLUM)

QB * 700 A(K,JCOLUM)=SWAP

P 705 CONTINUE
100 710 CONTINUE
101 740 RETURN
102 END

% U.S. GOVERNMENT PRINTING OFFICE: 1975—674—351
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