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PROCEDURE MIXMOD

INTRODUCTION

The MIXMOD procedure is designed to analyse data within the framework

of a general linear model that includes both fixed and random effects, i.e.,

the mixed model. Because of the large range of possible models that can be

analyzed and to preserve reasonable flexibility for the user the output from

the main computing algorithm is stored in a sequence of four SAS data sets.

Procedure MATRIX is used to obtain the final results in the form required by

the user.

STATISTICAL MODEL and METHODS

The statistical model used in the analysis is of the form

(1)

where Y is a column of observations, X, U1, ..:' Uk are matrices of known

constants, B is a column of unknown parameters, e1, .. ', ek are independent

columns of independent random variables with zero means and variances

ai, "', a;, respectively. In many applications Uk will be an identity

matrix and U1, "', Uk- 1 will have all elements equal to zero or one, though

proper use of various controls permits considerably more flexibility.

From the above assumptions, it follows that E[Y] = XS and
, 2 , 2

Var[YJ = U1U1a1 + ... + UkUkak. For future reference it is convenient to

define Vi = UiU; for i = 1, "', k and Va2 = V1ai + '" + vka~. It is well

known that generalized least squares estimates which can be obtained as

solutions to the normal equations

are the minimum variance unbiased estimates. The subscript a2 on 6
a

2 is

introduced to emphasize the dependence on the {a~}. In practice the {a~},

(2)
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commonly called variance components are unknown and must be estimated. One

possible technique is to obtain estimates of these variance components as

solutions to the system

ry'Qv.QV]L u 1 U
(2)

where

The solutions to this system (when they eXist) yield Rao's (197Ia) MInimum Norm

Quadratic Unbiased Estimates of the variance components. In a subsequent paper

Rao (197Ib) showed, under normality assumptions, that the MInimum Variance

Quadratic Unbiased Estimates were 'obtained if V in the above formulation is
u

replaced by Vcr2 = Vlcri + ... + Vkcr~. In practice, since {cr~} are usually

unknown, two strategies come to mind. The first is to use the best values

available, values obtained from prior experiments, from the literature or from ~

theoretical considerations. Common practice in the variance component literature

is to refer to these as prior values and denote them by aI' .'., ak. Given

these prior values and Va = VIal + ... + Vkak one can then set up the systems

of equations

and
(4)

(5 )[tr(QaViQaVj)] @i] = ~'QaViQayJ

MIXMOD is a SAS procedure for constructing these systems of equations on

the basis of prior values {ai }, supplied by the user. The coefficients for

(4) are stored in the SAS data set NOREQ and the coefficients for (5) are

stored in MMLEQ (alias MINQEQ). Although the estimates depend on the {ai}'

they are unbiased, provided that the choice of the {ai } does not depend on

the data. Also if normality holds and the chosen prior values are "close" to

the true unknown parameters then the estimates of the estimable functions of
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(3 and {cr~} should be "close lt to the minimum variance estimates. Experience has

shown that if the user has no basis for selecting the {a i }, setting a i =1 for

all i is not unreasonable and gives MINQUE based on Vu and Qu'

An alternative to using prior values is to use an iterative procedure.

In terms of the discussion in the above paragraph, one selects any reasonable
A2 A2

set of values for the {ai }, computes {a i}, redefi nes {ai }, recomputes {a i}, etc.

In this strategy two points arise. First of all the question of convergence.

Experience to date is that the system tends to converge to a stable answer very

quickly (2 of 3 cycles) for most data sets. The second point concerns negative

values. It is clear that there is no guarantee at all the {&~} are positive at

any given step and it is questionable that one would want to use negative

values for {ai }. The proper strategy is not at all clear at this point and is

one of the major reasons the procedure was not set up to iterate automatically.

If the user wants to iterate, he begins with an arbitrary set of prior values,

obtains solutions for {0~}, sets up a new set of prior values and re-runs the
1

procedure. The user must take responsibility when negative estimates appear.

He can either allow the prior value to be negatfve, or set it equal to zero

in the next cycle and proceed to estimate all the components or he can drop the

component from consideration, i.e., redefine the model.

If the random elements in the model (1) are all normally distributed and

no negative estimates of variance components encountered then the process of

iterating on (5) with {a.} in the current cycle equal to the {a?} from the
1 1

previous cycle and the process converges then one obtains the Modified Maximum

Likelihood or Restricted Maximum Likelihood estimates of Patterson and Thompson

(1971, 1974). It can be shown that the iterative process is actually an example

of Fisher1s method of scoring. Experience shows that convergence tends to be

very rapid, especially if one begins with priors such as al = ... =ak = 1.
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Also note that if the data set is balanced in the sense of equal numbers of

observations at each level of classification and the usual analysis of variance

formulas hold then the estimates of the variance com~onents are independent

of the choice of priors and exactly equal to those obtained via the analysis

of variance. The procedure also puts out a SAS data set containing the

coefficients for the system

where

Under the given normality assumptions, iterating on this system of equations

yields Maximum Likelihood estimates of the variance components, provided the

system converges and no negative values are encountered. This is also Fisher's

method of scoring. The coefficients for this system are stored in the output ~

data set tllLEQ.

Note that the two matrices [tr(QaViQaVj)] and [tr(v~lViV~lVj)] can both

be interpreted as matrices of sums of squares and products and consequently

are both seen to be non-negative definite.

Variance-covariance matrices of the variance component estimates obtained

by solving the MMLEQ (or MINQEQ) and MLEQ systems evaluated at the prior values

of the components are given by

2[tr(Q V.Q V.)]-l
a 1 a J

and

2[tr(v-1v.V- 1V.) J-
1

rtr(Q V
1
·Q vJ.)J [tr(v-1v.v-1v.) J-

1
,alaJ L a a a.laJ

respectively. If the system has been iterated, i.e., solutions from one pass

through the procedure used as priors for a subsequent pass then these formulas

must be treated as approximations. Note that the estimates themselves are no ~

longer unbiased in this case, though experience indicates that the bias is not serious.
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Unbiased estimates, if required. are obtained by solving the MMLEQ (or MINQEQ)

equations based on an initial set of priors, selected without reference to

the current set of observations. These are "MINQUE" defined by Rao (l971a).

The variances and covariances of these estimates evaluated at the priors are

available via the above formulas.

It is well known that unless the matrix X in (1) happens to have full column

rank, the normal equations (2) or (4) are consistent but do not have unique

solutions. For purposes of this discussion we will let 8 denote any solution

to the system
I" ,

X XS = X V.

Computationally this can be obtained as

S=(X'X)+X'V

where A+ is a genearlized inverse of A. Estimates of the full set of unique

estimable functions can then be obtained A'B by suitable choice of A.

In a similar manner generalized least squares estimates can be obtained

as solutions to

"Again, the quantities Sa

(X'v- l X)S = XlV-IV.
a a a

= (X'V- l X)+x'V- l V are not unique, but the A'S area a a
Other generalized least squares estimates that can beunique for given {a.}.

1

defined in an analogous manner are Bu' S"2 and B2· Clearly S 2 is the onecr cr cr
we want. However in general it is not available since {cr~} is generally unknown.

If the random elements in (1) have symmetric distributions then Su is
I"" I I

clearly unbiased in the sense that E[A S ] = A S for all A such that A S is
u

estimable. If the {a.} are independent of the data and symmetry again holds
1

then S is also unbiased. Harville and Kackar (1981) and Giesbrecht (1983)
a

show that if {&~} are quadratic functions of the data and symmetry holds then
1

"under very general conditions S~2 is unbiased.
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The variance-covariance matrix of Sis equal to (X'X)+X'V 2X(X'X)+.
cr

An unbiased estimate is available as (X'X)+X'V&2X(XIX)+ where the {&~} are

unbiased estimates of {a~}. Note that in both of the above uniqueness is

again only achieved when we focus on estimable functions, i.e.,

e·

• ( I )+ , I + . IA X X X V&2X(X X) A where A 1S such that A B

can obtain (X'V~X)+X'V-1VA2V-1X(x'v-lX)+ as an
a. a.aa. a.

is estimable. Similarly one

unbiased estimate of the variance-

covariance matrix of S , conditional on the {a..}.
a. 1

For the variance-covariance matrix of SA2 we have only the asymptotica
matrix evaluated at {a?} given by (X'v:~X)+X'V~~X(XIV:~Y+ = (x'v~ix)+.

1 a a a a

The non-uniqueness arising from the use of the generalized inverse is clearly

evident. Uniqueness is achieved only by restricting attention to estimable

functions, AI SA2 and the corresponding quantity A'(X'V~}x)+A.
.0 0

A modest simulation study by Giesbrecht and S-urns (1984) indicates that e
this formula gives very reasonable confidence intervals of the form

A•S'-' 2 ± t A' (X I vo:1X) +A .o \)

For many applications it is reasonable to select t from the standard normal
\)

table. However if the data set is relatively small one can use an adaptation

of Satterthwaite's approximation (1946) to obtain approximate degrees of freedom

for the t-distribution using

2(A' (X:V;:h)+A)2
\) = ....;0,,---:---:-_

Var(A'(XIV:~X)+A)
a

where

k
- I

i ,j

and
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An option in procedure MIXMOD causes the matrices x'v~iv,v~ix for
a 1 a

i =1, "', k - 1 to be stored in NOREQ after the normal equati ons. Matri x

x'v~fvkV~ix is not available in the procedure and must be computed using
I ~1 ~1 (' -1 kt1 I -1 -1 A

X VA2VkVA2X = X VA2X - L X VA 2V,VA2X)/ak
2. Note that computing thesea a a i a, a

matrices requires that the estimates of the variance components, {&~} be

used as prior values in MIXMOD. In general at least two passes with MIXMOD

w,'ll be requl'red. Th f' t d {~2,}e lrs one or more passes are use to compute v
1

A

and the final pass to compute SA2'
a

SPECIAL COMPLEX MODELS

This section and the following three sections assume some familiarity

with the basic control cards for procedure MIX110D. These sections discuss

some of the more elaborate features in the program and can be ignored by those

users who have re~atively standard mixed model analysis probZems.

For the mixed model, balanced two-way table with interaction it is common

practice (Snedecor and Cochran ed. 7, p. 323, Searle, Linear Models, pp. 400-

404) to assume that the interaction effects are subject to linear restrictions,

that is they sum to zero along one direction. This is commonly not done for the

unbalanced case, in part at least because the Henderson methodology does not

really allow for models incorporating such a correlation structure. In contrast,

the MINQUE, modified maximum likelihood and conventional maximum likelihood methods

which focus on estimating the variance components after writing the model

2 2Var(Y} = Vlol + ... + Vkok

permit much more flexibility. Procedure MIXMOD has been written to allow some

of this added flexibility and hopefully allow users to select more realistic

models.
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As a first example of the methodology involved consider a model of the form ~.

Y1'J'k = JJ + a. + b. + ab,. + e.1 J 1J lJk

i = 1, ... , a, j = 1, b

k = 1, "', ni j

and where some of the nij may be zero and all are less than or equal to some

integer n. This can be thought of as a sample from a balanced two-way cross

classification with n items per cell. The {a. } are assumed to be fixed unknown
1

constants and the {b
J
.}, {ab .. } and {e. 'k} are three sets of random variables.

1J 1J
The {bj } and {eijk } are independent sets of independent random variables with

mean zero and variances (J2b and (J2 respectively. The {ab,,} are random vari-
e 1J

ables, independent of the {b.} and {e. 'k} with mean zero and variance (J2b.
J 1J a

The full set of {ab .. } (which may not all be present in the sample) are assumed
1J

subJ'ect to the restriction Lab .. = 0 for all j. This restriction will be assumed
i 1J

2
to imply a correlation equal to -l/(a-l) or equivalently a covariance - (Jab/(a-l).~

It will be assumed that ab i j and abi If are independent for all i , i I and j ;e j' .

It follows that

2 2 2= 0jj,((Jb -(Jab/(a-l)) +oii,Ojj' a (Jab/(a-l)

2
+ 0.., 0 .. ,okk' (Je .

11 JJ

The MlNQUE corresponding to the prior values ab' aab and ae are obtained

by running the procedure with prior values Qb - Qab/(a-l), a·Qab/(a-1) and

Q as priors for the components. Note that it is possible for the first terme
to be negative. Solution of the MINQ equations yields unbiased estimator

2 2 2 2(Jb - (Jab/(a-l), a·(Jab/(a-l) and (Je' The desired estimates follow directly.
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If one wants either modified or conventional maximum likelihood estimates then

one must iterate with the appropriate restrictions at each stage.

For the second example begin with the same basic set up but consider the

restriction f Kijabij = 0 where {Kij } are some known constants. One possible

choice is to let Kij = nij for all ij. This restriction implies

Var(rK ..ab .. ) = IK~. Var(ab .. ) + I I K.. K.,. Cov(ab ..ab"J') = O.
i 1J 1J i 1J 1J i f i' 1J 1 J 1J 1

Assuming equal varian~es and covariances implies

2r K••
i 1J

Cov(ab ..ab., .) - - ----:::2~--::;2~
1J 1 J (IK.. ) _ IK ..

i 1J i 1J

where the {w.} can be computed. It follows that
J

222
Cov(Y1'J'k'Y1"J"k') = 0 .. , ab + 0.. , 0 .. , a b- o .. ,(l-o .. ,)w. a bJJ 11 JJ a JJ 11 J a

= oJ'J" a2
b - 0 .. , w. a2

b + 0.. ,0 .. ,(1 +w.)a2
b +o .. ,o .. ,okk,a2 .JJ J a 11 JJ J a 11 JJ e

In order to obtain appropriate estimates with this model it is necessary to use

the CORWTS statement in conjunction with the MODEL statement and the PRIORS

. statement. The MODEL statement will contain the column (the j variable) twice

and the interaction variable. The CORWTS statement will provide a variable

always equal to 1 to go with the first column variable, a variable to provide

the {w.} to go with the second variable and a variable to provide the {1 +w.}
J J

to go with the interaction variable. The PRIORS statement must provide the

appropriate counts and the prior values a b, - aab' aab and Qe' Notice that

MIXMOD will put out sets of equations as though the user were estimating 4

parameters, a~, -a;b' a;b and a; The user has the responsibility of combining

the second and third equation and the terms within equations in order to give 3

equations in 3 unknowns.
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THE DIALLEL SYSTEM

Procedure MIXMOD can be used to analyse data from many of the commonly

occurring diallel mating plans. However the analysis is moderately complex

and the user needs some appreciation of the manner in which calculations are

performed within MIXMOD in order to properly set up the control statements.

In particular, the analysis of the diallel system requires one additional

statement, the TRANS statement.

The analysis performed can best be explained in terms of models (a) and

(b) in Cockerham and Weir (1977). They use a general model

(6)

where Yijk is an observation on an offspring of maternal parent i mated to

paternal parent j, ~ is the mean, Gij is the total of effects attributable to

parents and eijk the total of all other effects. The reciprocal of this cross

is Yjik. They then proceed to define

G.. = m. + p. + mp.. .
lJ 1 J lJ

This they call model (a). They then proceed to define

g. = (m. + p.)/2 , d. = (m. -p.)/2,
1 1 1 1 1 1

S •. = (mp .. +mp)/2 and r .. = (mp .. -mp .. )/2.
lJ lJ lJ lJ Jl

This leads to their model (b), which is written as

(7)

with
s .. = S ..

1J J 1
and r .. = --r ...

lJ J 1

(8)

Substituting (7) and (8) into (6) in turn yields model (a)

Y"k=~+m. +p.+mp .. +e·· klJ 1 J lJ lJ
and model (b)

y"k = ~ + g. + g. + s .. + d. - d. + r .. + e
1
'
J
' k .

lJ 1 J lJ 1 J lJ
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Cockerham and Weir (1977) proceed to develop a IIbio model II which they

claim is more attuned to the biological situation and refer to as model (c)

Yl' J' k = ~ + n. + n. + t. . + m. + p. + k.. + e .. k1 J lJ 1 J lJ lJ

where they assume t .. = t .. but consider m. and p. as well as k.. and k
J
.
1
• to

lJ Jl 1 1 lJ

be uncorrelated.

Using matrix notation one can write model (a) as

y = 1~ + Um + U P + U mp + Im p mp e

where Urn' Up and Ump are matrices with elements equal to zero or one.

Equivalently model (b) can be written as

y = 1~ + U g + Udd + U s + U r +1g s r e

where Ug' Ud' Us and Ur are matrices that need to be generated. In particular

one can obtain

* *U = U + Ug m p

and

*where Urn is identical to Urn with the possible inclusion of additional columns

*consisting entirely of zeros and Up is obtained from Up by appropriate

re-ordering of columns and the possible insertion of one or more columns of

zeros. The insertion of the extra columns of zeros is required only if some

lines are used as maternal lines and not as paternal lines or vice versa.

The appropriate rearrangements and calculations are performed via TRANS

statements. In particular, if the variables Mand P in a model statement

generated the Urn and Up matrices then the statements

TRANS G = 1. * M+ 1. * P
and

TRANS D= 1. * M- 1. * P

will generate Ug and Ud respectively.
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The Us and Ur matrices are obtained from Ump and Upm ' generated from ~ .

M*P and P*M in the model statement. An extra complication is due to the'

fact that duplication must be eliminated. This can be accomplished via the

CORWTS statement. A convenient device is to define two weight variables.

When the male line code exceeds the female line code then the first is one

and the second is zero while when the female line code exceeds the male line

code, the first is zero and the second is one. These weights are applied to

M* P and P *r4 respectively in the model using the CORWTS statement. This is

then followed by two TRANS statements, of the form

TRANS S = 1. *M* P + 1. * P *M

TRANS R = 1. *M* P - 1. * P *M

The final complication that must be taken into account is that the products

of the TRANS statements are matrices which require space and space is allocated

via the combination of the MODEL and the LEVELS statement. In particular,

the user must provide variables G, D, Sand R in the input data set and the

MODEL and use the LEVELS statement to reserve sufficient room for all of the

terms generated. All terms used in a TRANS statement must appear in the MODEL.

If any term appears more than once, the first one is used.

Example 1.

Consider the data set corresponding to the diallel in appendix C of

Cockerham and Weir (1977). The analysis will be based upon this model (b).

The inital data set contains 112 observations and four variables Y, M, P and B

(yield, maternal line, paternal line and block). There are two blocks, eight

maternal and paternal lines and 56 specific matings. The first step is to

create the two weight variables, WI and W2 and the dummy variables G, D, S

and R which initially only reserve space.
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DATA; SET;

WI = 0; IF M> P THEN WI = 1;

W2 = 1 - WI;
G = 1; D= 1; S = 1; R = 1;

PROC MIXMOD MMLEQ =MML MLEQ =ML;

2 8 8 56 56 8 8 56 56

R M P M*PP*M;MODEL

LEVELS

PRIORS

CORWTS

Y=B G D S

WI

o o o o

TRANS G = 1. 0 *M+ 1.0 *P

TRANS D = 1. 0 *M- 1. 0 * P

TRANS S = 1. 0 *M*P + 1. 0 * P *M

TRANS R = 1. 0 *M*P - 1. 0 * P *M

Several things should be pointed out about this example. First of all,

the values 7 and 8 in the CORWTS statement specify that the weights WI and

W2 are to be applied to the seventh and eighth random components in the model.

Blocks are fixed. Also the prior values for M, P, M*p and P *M must be set

equal to zero in order tc eliminate those components from the computations.

However the MML and ML data sets will contain entries (rows and columns) for

all eight random terms in the model as well as the residual error term. In

this case MML and ML will both contains 11 variables and 11 observations.

It is the users responsibility to eliminate the extra four variables and

equations before solving for estimates. The SOLNML and SOLNMML options on

the model statement are disabled if a TRANS statement is used.

At this point it should be clear to the reader that an alternate,

equivalent and slightly more efficient version of this example can be obtained

using the statements:
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PROC MIXMOD MMLEQ =MML MLEQ =ML ;

MODEL Y=B G S M P M*p P *M ;

LEVELS 2 8 56 8 8 56 56

PRIORS Ctg Cts a.d 0 Ctr 0 Cte
CORWTS WI 5 W2 6

TRANS G = 1.0 *M + 1.0 *p

TRANS M= 1.0 *M - 1.0 *p

TRANS S = 1.0*M*P + 1.0*P*M

TRANS M*P = 1.0*M*P - 1.0*P*M

Warning: In this case the first two TRANS cards must be in the order

given since the space used initially for Urn is being re-used. Similar

restriction applies to the next pair.

e·

Example 2.

This example is based on the same data set as the previous, except that ~

the analysis is based on model (c).

PROC MIXMOD MMLEQ =MML MLEQ =ML

MODEL Y=B N M P T M*p P *M M*p ;

LEVELS 2 8 8 8 56 56 56 56

PRIORS Ctn Ctm Ctp Ctt a a Ctk Cte

CORWTS WI 5 W2 6

TRANS N = 1.0 *M + 1.0*P

TRANS T = 1.0*M*P + 1.0*P*M

The estimates are obtained by inverting the 6 x 6 matrix (cols 1, 2, 3,

4, 7 &8 and rows 1, 2, 3, 4, 7 &8) and multiplying by the vector (col 9 and

rows 1, 2, 3, 4, 7 &8) of either MML or ML.
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It must be emphasized that the analyses performed by MIXMOD are based on

the assumptions that the various random effects in the model are independent,

except to the extent that a user is able to enforce a correlation structure

via the CORWTS statement. As pointed out by Cockerham and Weir (1977) one

may have reason to question this assumption in the case of the diallel.

VERY LARGE PROBLEMS

The total storage space and time required by MIXMOD increase roughly as
k-l 2 k- 1 3

(p + 1 + r mi ) and (p + 1 + r m.) respectively, where p is the number of
i=l i=l 1

columns in X and m. the number of columns in U.. For very large data sets
1 1

either the space or time required may well exceed the resources available. A

possible alternative to reducing the model is to break the data into N distinct

subsets and running MIXMOD on each separately, then pooling the results. The

pooling is accomplished by adding corresponding elements of the MINQEQ(MLEQ)

data sets prior to solving for the desired estimates. The rational for this

suggestion is that if the data were such that proper ordering of the observa-

tions would reduce the variance-covariance matrix V to a block diagonal matrix

with N distinct blocks and each of the N subsets of observations having ~

distinct set of fixed parameters then the above procedure would be exact. An

example of such a situation would be data from Nyears with the data from each

year having its own distinct set of fixed parameters and all random effects

independent across years. In practice it may well be that such fortuitous
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grouping is not possible. However, a grouping that approximates this ideal

and sacrifices the information held by the correlations among groups and the

possible common fixed effects may well give much better answers than an

analysis based on a reduced (inadequate?) model.

BEST LINEAR UNBIASED PREDICTION

The statistical model (1) can be rewritten in the form

y = XS +Zu +e (9)

\'Ihich is more common in the Animal Science literature. In this model, f3

denotes the column of unknown fixed parameters, X and Z matrices of known

constants and u and e columns of random variables. It is also common to assume

var~J = [~ ~J. (10)

In terms of (1), u denotes one of the columns, say eu from the set e1,

Also
I 2

R = L U.U.a ..
. ",
l~U

Henderson (1973) shows that the Best Linear Unbiased Prediction (BLUP) of

u is obtained by solving the system of equations,

(11 )

Now using the two facts,

R- 1 _ R- 1Z(Z'R- 1Z+G- 1)-IZ'R- 1

= (R + ZGZ I ) -1

it follows directly that solving the above system for Syields

§ = [X I (R +ZGZ I ) -IXr 1 XI (R +ZGZ I ) -ly •
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Note that Var[Y] = ZGZ' + R, implying that Bis the generalized least square

estimate of S.

Solving for ugives the BLUP estimators

Q = [ZI R-IZ +G- 1 _ZIR-IX(X'R-IX)-lX'R-IZ(l

[Z'R- 1y -X'R- 1Z(X'R- 1X)-lX'R- 1y]

= [G- 1 +Z'(R-l_R-lX(X'R-lX)-lX'R-l)z(l

Z'(R- 1 _R- 1X(X'R- 1X)-lX'R- 1)y.

Internally, the algorithm in PROC MIXMOD

I I " I k , -1
(Y:X:U1:···:Uk_1) (I U.U.a.)

I I I I • 1 1 1l=m

generates the matrices

I I I I

(Y:X:U1:· .. :Uk- 1)
I I I I

by successive modified sweep operation~ (Giesbrecht 1983) for m=k, k -1, "', 1.

If the user sets the BLUP option and the modified sweep operation carried out

on all random variables except the BLUP variable then the elements of (11) without

the G- 1 matrix are available. Also at this stage sweeping (Goodnight, 1978) on

the fixed effects yields the system

Z'(R-l_R-lX(X'R-lX)-lX'R-l)Zi1= Z' (R-l_R-lX(X'R-lX)-lX'R-l)y

A BLUP request causes this system of equations to be stored in the output SAS

data set BLUPEQ.
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The PROC MIXMOD Statement

PROC MIXMOD options;

The following options may appear on the PROC statement:

DATA = SASdataset names the SAS data set to be used by MIXMOD. If
DATA = is omitted, MIXMOD uses the most recently
created SAS data set.

NOREQ =SASdataset names an output SAS data set which is used by
MIXMOD to store the coefficients in the normal
equations. If you want to create a permanent
SAS data set then a standard two-level name must
be speci fi ed. If the NOREQ =is omi tted, a
temporary SAS data set is created and named
according to the DATAn convention.

Mr~LEQ=SASdataset names an output SAS data set which is used by
MIXMOD to store the coefficients in for the
equations used to compute the Modified
Maximum Likelihood estimates of the variance
components. If a permanent SAS data set is
desired then a two-level name must be specified.
If MMLEQ =is ami tted, a temporary SAS data set
is created and named according to the DATAn
convention.

MLEQ=SASdataset names an output SAS data set which is used by
MIXMOD to store the coefficients for the equations
used to compute the standard Maximum Likelihood
estimates of the variance components. If a
permanent SAS data set is desired then a two­
level name must be specified. If MLEQ =is
omitted, a tomporary SAS data set is created
and named according to the DATAn convention.

The data sets, NOREQ, MMLEQ and MLEQ are created in order and
consequently have default names DATAn, DATAn+1 and DATAn+2.

BLUP =SASdataset names an output SAS data set which is used by
MIXMOD to store the coefficients for the system
of equations used to compute the Best Linear
Unbiased Predictions. If a permanent SAS data
set is desired then a two-level name must be
specified. If BLUP =is omitted, a temporary
SAS data set is created and named according to
the DATAn convention. If the BLUP =option is
specified then the NOREQ, MMLEQ and MLEQ data
sets are supressed.
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SOLNMML options request that the procedure generate
SOLNML solutions to the modified maximum likelihood

equations stored in MMLEQ and the maximum
likelihood equations stored, in MLEQ respectively.
These solutions must be examined carefully
because they may not be the values the user
really wants. For example there are no restric­
tions that solutions lie in the parameter space.
The system of linear equations is simply solved,
with a warning note if it appears that the
system is singular. In case of doubt the user
is urged to examine the system of equations and
proceed to obtain the solution in that way.
Note also that for some of the more complex
models that involve the use of the CORWTS
statement the solutions obtained via these
options will likely be completely inappropriate.

OF specifies that in addition to the coefficients for
the normal equations, NOREQ is to contain the
matrices used to compute the approximate degrees
of freedom for the t values used to construct tests
and confidence intervals for estimable contrasts
among fixed effects.

e·

KE = n specifies the number groups of observations in the
input data set. The groups are defined by the
fact that the residual errors for all observations
in a group have common variance. Residual errors
in different groups will in general have different
variances. This option is of value if the user is
combining data from several sources as locations
and is not willing to assume a common residual
variance across sources but is willing to accept
homogeneity within sources.

GROUP=VARname specifies the variable that identifies the
groups implied by the KE parameter. This variable
must be in the input data set. If the KE parameter
is specified then the GROUP parameter must also
appear. The user must also supply the appropriate
number of prior values on the PRIORS statement if
the KE and GROUP parameters appear.

BLUP=VARname specifies that the user wishes to compute Best
Linear Unbiased Predictions for the units identified
by the variable specified. This variable must be
in the input data set.

STOL=value specifies. the smallest value that will be treated as
non-zero 1n the Gaussian elimination aoplied after A
scaling the matrix of coefficients (diagonal ..,
elements all ones) when solving the MML and/or
the ML equations. The default value is .1**6.
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EPSILON=value sets the sensitivity of the routine used to sweep
the fixed effects to dependencies in the X matrix.
If a diagonal pivot element is less than C*EPSILON
the associated column of the X matrix is assumed
to be linearly dependent on the previous columns.
The C value adjusts the check to a scale r~lative

to the input da ta . C=YI V: 1y/( no. of observati ons)
where {a.} have been obtai~ed from the {ai } by
scaling ~o that the generated variance-covariance
matrix will be very close to having ones along the
main diagonal. The default value for EPSILON is
.1**6. This may be excessively small.

TOL=value specifies the smallest value that will be treated
as non-zero in the routine that sweeps on the
random factor. Currently the default value is
.1*~8 though some preliminary indications are that
values as large as .1**4 may not only be satisfactory
but also result in faster execution time. Experience
will be needed to provide guidance to select the
maximum TOL value without destroying the accuracy
of the computations.

MODEL Statement (required)

r~ODEL dependent =independent effects/opti ons;

The MODEL statement names the dependent variable and the independent effects.
This statement is very similar to the ~lODEL statement in GLM but differs in
several important aspects. First of all only one dependent variable is allowed.
Effects are constructed with variable names and the 11*" operator. Nesting or
crossing relationships are determined by the context in the model statement.
For example, if the model contains the effects Xl X2 Xl *X2 then the third
term will give rise to an interaction effect while if the model contains only
Xl and Xl *X2 and not X2 then a nested effect will be generated. There are
also discrete variables (classification or class variables in PROC GLM
terminology) and continuous variables or effects. In contrast to GLM, this
is specified for the effects rather than the individual variables via the
LEVELS statement. Note that the II (", ")" and" I" operators are not supported.
Also since effects, rather than variables are specified as discrete or continuous
it is not possible to automatically ge~erate a numbe.r of conti.nuous variables
at one time by specifying discrete variable *continuous variable.

The list of effects in the MODEL statement includes first all the fixed
effects and then the random effects.

NOFIXED =va1ue
NF =

NOINT
NO

specifies the number of fixed effects in the MODEL
statement. All fixed effects must appear before
all random effects.

requests that the intercept parameter not be
automatically included in the model. In no
case is the intercept included in the count of
fixed effects in the model.
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LEVELS or COUNTS statement (required)

LEVELS value value ... value;
(COUNTS)

This statement is required. A positive integer must be supplied for every
effect listed in the MODEL statement. This value specifies the number of
distinct values of the effect that will be encountered. A 1 implies that
the effect is continuous, i.e., a covariate in an analysis of variance type
model. In a sense this statement takes the place of the CLASSES statement
in PROC GLM. The procedure uses the values specified to allocate space for
subsequent computations. Consequently if the user specifies fewer levels
than are actually encountered, the procedure will abort. Excessive values
are acceptable, though they tend to reduce the efficiency of the computations.

In summary, the LEVEL statement serves two functions. It serves to allocate
~pace in the computer and it serves the function of the CLASSES statement in
PROC GU1.

PRIORS statement (optional)

e-

PRIORS value value ... value;

This statement provides the prior values, {a.} for the variance components. ~
If this statement is absent then all priors 'default to 1. If the KE parameter ..
in the procedure statement has been set and a PRIORS statement is used, then
a prior value must be given for each random effect in the MODEL taken in order
and a prior value for each of the KE groups in the order of first appearence
in the input data. If the KE parameter has not been set and the PRIORS
statement is used then there must be prior values for each of the random
effects in the model plus one for the residual error which is not specified
in the MODEL statement.

CORWTS statement (optional)

CORWTS variable 1 effect # Variable 2 effect # ... ;

This statement is used to define the variance-covariance matrix for some of
the more complex mixed linear models. The immediate purpose is to replace
the non-zero values (one's) generated in response to the random effects in
the model statement by values given by variable 1, variable 2, .... These
variables must appear in the input data set. Each variable name must be
followed by a number identifying the random effect in the model that it
applies to, i.e., 2 refers to the second random effect in the model, 4 to
the fourth random effect, etc.
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One of the functions of this statement is to allow the user to define models
in which the random effects have a singular distribution, i.e., satisfy some
linear constraints. A possible application would be the two-way cross classi­
fication with rows fixed, columns random, interaction present and unequal
subclass numbers. In the balanced case many texts recommend using models in
which the random interaction effects are assumed to have a singular distri­
bution, i.e., sum to zero across rows. The CORWTS statement permits the user
to define analogous models for the unbalanced case. For more detail the reader
is asked to st~dy the appropriate examples.

TRANS statement (optional)

TRANS effect = no. * effect :t no. effect :t ... no. * effect;

The TRANS statement is a very special statement created to permit the analysis
via some of the complex models that appear in diallel structures. The effects
listed in the TRANS statement must all appear in the list of random effects in
the MODEL statements. The numerical coefficients on the effects to the right
of the II =/1 are required. Frequently the coefficient \'/i11 be 1. There is
also a restri ction on the sequence of effects to the right of the II = /I, that
each be'defined as the product of a common number of variables. For example,
all must be single variables, i.e., main effects or all must be products of
two variables, i.e., two-factor interactions, etc. The purpose of the state­
ment is to cause the procedure to combine {Vi} matrices according to the
formula coded in the TRANS statement. There may be more than one TRANS
statement. They are executed sequentially and should follow the MODEL,
LEVEL and PRIORS statements. The SOLNML and SOLNMML options are disabled
if a TRANS statement is used.

Output

In order to preserve as much as possible of the flexibility designed into
PROC MIXMOD, the bulk of the output is placed on a number of output SAS data
sets. These data sets can be easily picked up by PROC MATRIX and manipulated
with a few instructions to give the desired computations. A major advantage
of this strategy is that the basic MIXMOD calculations, which may require a
large block of time and computer resources can be performed at non-prime time
and the final manipulations which may have to be done a number of times can
be done later possibly even interactively.

The printed output.

The printed output is essentially just a summary of the computations that
have been performed. Observed and user specified counts of the number of
levels of the various input factors are printed. The prior values specified
for the random factors are printed. Tables giving keys to identify the lines
of out put in NOREQ, MMLEQ and MLEQ are also printed. Finally if the user
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requests solutions to the MMLEQ or MLEQ equations these solutions are printed. ~
Note however again that these are just simple solutions to the equations, with
no attempt to constrain the answers within the parameter space. In some complex
models it is also quite reasonable for the ~1MLEQ and/or MLEQ equations to be
singular. In such cases the user is again warned to view the printed solutions
with caution.

Data Set NOREQ

This SAS data set contains the elements of the normal equations, i.e., the
matrix X'V~IX and the column XIV~IY along with two special variables, VAR_NAME
and EQN_ID which serve to identity the individual equations. VAR_NAME is
keyed to the fixed terms in the MODEL statement ~nd EQN 10 identifies the
equations for the levels of the effect. The last observation in the data set
gives the count of the number of observations in the input data set (as XVIX 001)
and the total uncorrected sum of squares Y'V;IY(as XVIY). -

Data Set ~1MLEQ

This SASdata set contains the elements for the system of equations

J. tr(Q V.Q V.)&~ = ylQ V.Q Y ~3 a 1 a J J a 1 a

for i = 1, ' .. , k, where k is the total number of variance components being
estimated. The final observation contains the set of prior values used in the
computations and natural logarithm of the likelihood computed from the linearly
independent error contrasts, rather than the full data vector. The elements
tr(Q V.Q V.) are found in the first k observations of the first k variables,
QVQVaoLa.~., QVQV K. The quadratic forms Y'Q ViQ Y for i = 1, k are the first
k observations of the variable YQVQY. The las~ va~iable identifies the list
of variance components. The last observation contains the k prior values
(aI' ... , ak) and the In(likelihood) in that order.

Data Set MLEQ

This SAS.data set ~as exactly the s~me format as MMLEQ~l. T~e difference between
the two 1S that th1S data set conta1ns the values tr(Va VjVa IV.) in place of
tr(QaVjQaVj) and the natural logarithm of the full like11hoodJ in place of the
logari~hm of the likelihood based only on the error contrasts.
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Data Set BLUPEQ

This SAS data set contains the coefficients for the equations needed to compute
Best Linear Nibiased Predictions (Henderson 1973) of the random variable defined
by the BLUP parameter. Specifically the output consists of the system of
equations resulting from sweeping on X (Goodnight 1978) in equation+13, page 19
in Henderson 1973. The matrix corresponding to Z'(R-l_R-lX(X'R-lX) X'R-l)Z are
stored in variables 2,3, "', m+1+(there are m random variables to be predicted)
and the column Z'(R-l -R-IX(X'R-IX) X'R-l)y in variable m+2. Variable 1 is a
character variable, used as an idenfifier.

The .final computation of the BLUP is left to the user. He must modify the
mxm matrix of coefficients by adding the matrix G-l. (G-l is defined in
Henderson 1973, page 16 as the inverse of the variance-covariance matrix of
the variables to be predicted.)



NOTEI THE PROCEDURE PRINTTO USED 0.10 SECONDS AND 2B4K.

NOTEI DATA SET WORK. TWO HAS 40 OBSERVATIONS AND 8 VARIAIlLES. 297 OBS/TRI<.
NOTE I THE DATA STATEMENT USED 0.09 SECONDS AND 284K.

NOTEI DATA SET WORK.ONE HAS 40 OBSERVATIONS AND 7 VARIAIlLES. 317 OBS/ma<.
NOTEI THE DATA STATEMENT USED 0.12 SECONDS AND 294K.

os SAS 82.4

DATA ONE;
INPUT Y ROW COL N;
OD I - I TO N;

X~RANNOR(5537)"2; XX-X'X;
Y=Y+X+X,X+RANNORC6773l);
OUTPUT;
END;

CARDS;

DATA TWO;SET ONE;
GRP=' GRP2' ;
IF _N_ < 16 THEN GRP='GRP1';

FROC MIX~D DATA=TWO NOREQ=NOR Ml'LEQaI'lt1L. K..EQ-tL 1<£-2 GROl.P-6RP
SOLNMML SOLNML;

MODEL Y = R X XIX C RICI NOFIXED-3;
LEVELS 4 1 1 4 16 15 25
PRIORS 2 3 4 5;

SAS LOG

NOTEI "IXMOD IS SUPPORTED BY THE AUTHOR, NOT BY SAS.
NOTEI THIS VERSION OF MIXMOD CREATED APRIL 1985.

ALGORITHM USED IS DOCUMENTED IN
"AN EFFICIENT PROCEDURE FOR COMPUTING 'UNQUE
OF VARIANCE COMPONENTS AND GENERALIZED LEAST
SQUARES ESTIMATES OF FIXED EFFECTS·
CONN. IN STATIST. THEORY AND METHODS
VOL. A12 NO. 18 , 1983.

NOTE: DATA SET WORK. NOR HAS 8 OBSERVATIONS AND 10 VARIABLES. 226 OBS/~.

NOTE: DATA SET WORK.MML HAS 6 OBSERVATIONS AND 6 VARIABLES. 366 OBS/TRI<.
NOTE. DATA SET WORK.ML HAS 6 OBSERVATIONS AND 6 YARIAIlLES. 366 OBSITRI<.
NOTEI THE PROCEDURE "IIMOD USED 0.25 SECONDS AND 294K

AND PRINTED PAGES 1 TO 2.

29

VS2/~S JOB TEST1 STEP SAS
11101 THURSDAY, APRIL 18. 1985

NOTE I THE JOB TESH HAS BEEN RUN UNDER RELEASE 82.4 [F SAS AT
TRIANGLE UNIVERSITIES COMPUTATION CENTER COI44ooo1).

NOTE1 SAS OPTIONS SPECIFIED AREI -
SORT-4

I

1 OPTIONS NOCENTER LS-l8 ;
2 PROC PRINTTO UNIT-32 NEW;

30
31
32

3
4
5
6
7
8
9
10

26
27
28

IITESTI JOB NCS.ES.B4126,GIESBRECHT,TlME~I,PRTY-9

I.JOBPARM LINES=10
IISAST EXEC SAST,REGI0N=1200K
IISTEPLIB DO DISP=SHR,DSN=NCS.ES.B4126.GIESBREC.MIX~D.TTTT

II DO DISP=SHR,DSN=SYSSAS.LIBRARY.VERCUR
II DO DISP=SHR,DSN=SYS1.PLI.LINKLIB
II 00 DISP=SHR,DSN=SYS2.S0RT.LINKLIB
II DO DISP=COLD,PASSI,OSN='.LIBRARY,VQL-REF-a.LIBRARY
IIFT32FOOI 00 DSN=NCS.ES.B4126.6IESBREC.MIXnOD.OUTPUT,DISP-COLD,KEEP)
OPTIONS NOCENTER LS=l8 ;
PROC PRINTTO UNIT=32 NEWI
DATA ONE;
INPUT Y ROW COL NI
00 I = 1 TO N;

X=RANNORC553ll ••2; xx-xax;
Y~Y+X+X'X+RANNORC677371;

OUTPUT;
END;

CARDS;
5 I 1 3
6 1 2 5
7 1 3 2
8 1 4 4
6 2 1 I
1 223
8 2 3 2
924 4
10 3 1 3
9 3 2 2
833 3
10 4 1 3
10 4 2 1
9 4 3 2
844 2
DATA TWO;SET ONE;
6f(f>=' Gf\P2' ;
IF _N_ < 16 THEN GRP-'GAP1';
PROC MIX~D DATA=TWO NOREQ-NOR .......EQ=I1I1L tlLEQa~ KE-2 GROUP-GRP SOL.NI'lI'1L SOLNI'IL.;
~DEL Y = R X XIX C RICI NOFIXEDa3;
LE'iELS 4 1 1 4 16 15 25 ;
PRlORS 2 3 4 5;
PRGC FRINT DATA=NOR;
PPOC PRINT DATA=MML;
PROG PRINT DATA=ML;
DATA THREE;SET TWO;
IF COL=1 THEN W=.38028;
IF COL~2 THEN W=.51515;
IF COL=3 THEN W=.52381;
IF COL=4 THEN W=.39130;
W2=1+W;
PROC PRINT DATA=THREECOBS=51;
PROC MIXI'lOD DATA=THREE NORE'I-NOR ..-..EQ-fft.. K..EQ=I'lL;
I'lODEL y. R X C C RIC/NOFIXEDa2;
LEVELS 4 I 4 4 16 ;
PRIORS .6667 -.3333 .3333 1.0 I
CORWTS W 2 W2 3 ;
PROC PRINT DATA~;

PROC PRINT VATA-rL1

,
e

'-

e e



THE SOLUTIONS TO THE I1I'lL EQUATIONS
&AS 11.01 THURSDAY. APRIL lB. 1985

"lXED I'lODEL9 ANALY9IS PROCEDURE

1
SIGMA 01
SIGMA-02
GROUP=OI
GROlJP_02

-4.0920
20.4986
6.7153
4.8701

THE INPUT DATA SET NAME IS • WORK. TWO ,....
BAS 11.01 THURSDAY. APRIL 18. 1985 2

OBS VAR_NAHE EON_IO IVII_OOI IVIX_OO2 XVII_003

1 INTRCPT 1.2035 0.37642 0.31022
2 SET_OOI 1 0.3764 0.76426 -0.14808
3 SET_001 2 0.3102 -0. 1480B 0.64952
4 SET_OO1 3 0.2369 -0.10877 -0.OB433
5 SET_OOI 4 0.2BOO -0.13099 -0.10689
6 SET_002 1 1.0675 0.61565 -0.02437
7 SET_003 1 2.0B95 1.63906 -0.41787
B SUMMARY 40.0000

OBS XVIX_004 XVIX_005 XVIX_006 IVIX_007 XVIY

1 0.23691 0. 27'i9B 1.0675 2.0895 16.037
2 -0.10B77 -0.13099 0.6156 1.6391 7.977
3 -0.08433 -0.106B9 -0.0244 -0.4179 1.015
4 0.51345 -0.08345 -0.1845 -0.5904 0.726
5 -0.08345 0.60130 0.6607 1.4587 6.320
6 -0.18448 0.66070 6.9842 20.9171 24.736
7 -0.59040 1.45867 20.9171 71.5514 60.115
8 . . . . 327.005

THE SOLUTIONS TO THE .... EQUATIONS
SUt1I1ARY OF FIXED EFFECTS - LEVELS OBSERVED'

1 OBSERVED 4 USER SPECIFIED 4'
2 COVARIATE
3 COVARIATE

SUMMARY OF RANDOM EFFECTS - LEVELS AND PRIORS FOR COMPONENTS
1 OBSERVED 4 USER SPECIFIED 4 PRIOR COMPONENT 2
2 OBSERVED 15 USER SPECIFIED 16 PRIOR COMPONENT 3

COUNTS AND PRIORS IN GROUPS - RESIDUAL EFFECTS
GROUP - 1 OBSERVED COUNT 15 PRIOR COMPONENT 4
6ROl..P - 2 OBSERVED COUNT 25 PRIOR COMPONENT 5

NlIt'\Il£R OF USABLE OBSERVATIONS 40

KEY TO LABELING OF OBSERVATIONS IN NORI'IAL EQ DATA SET

INTERCEPT
ROM <~> SET_ool

1 <=-> 1
2 <=> 2
3 <==> 3
4 <=> 4
I <_a> SET_002

<-> 1
I • I <_a> SET_003

• <_a> 1

t<EY TO LABELING OF OBSERVATIONS IN .... AND I1I'lL DATA SETS

CCL <-> SIGMA_Ol

ROW • CCL <-> SI6f'A_02

6RP <-> 6RP1

6RP <-> 6RP2

PRIORS <-> PRIORS

<-.

SIGMA_01
SIGMA_02
GROUP_Ol
GROlJP_02

SAS

-2.6578
13.7182
6.0651
4.7792

11.01 THURSDAY. APRIL 18. 1985

...

3
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NOTE: THE PROCEDURE PRINT USED 0.13 6ECONDs AND 340K
AND PRINTED PAGE 3. /~..

NOTE: Tt£ PROC£DURE PRINT USED 0.13 SECONDS AND 3401<
AND PRINTED PAGE 4.

PROC PRINT DATA-t1I1LI

PROC PRINT DATA-NOR;

VS2/MVS JOB TESTI STEP SA5
11:01 THURSDAY, APRIL 18, 1985

os BAS 82.4L 0 6

PROC PRINT DATA-toLl

SA S

NOTEr THE PROCEDURE PRIN~ USED 0.14 SECONDS AND 3601<
AND PRINTED PAGE 9.

NOTE: SAS USED 3601< MEMORY.
NOTE: SAS INSTITUTE INC.

SAS CIRCLE
PO BOX 6000
CARY, N.C. 27511-8000

3

49

VS2/HVS JOB TESTI STEP 6AS
11:01 THURSDAY, APRIL 18, 1995

OS sAs 82.4L 0 6SA 62

33

34

35 PROC PRINT DATAcHL;

NOTE: THE PROCEDURE PRINT USED 0.13 6ECONDS AND 3401<
AND PRINTED PAGE 5.

36
37
38
39
40
41

DATA THREE;SET TWO;
IF COL=1 THEN W=.38026;
IF COL=2 THEN W=.51515;
IF COL=3 THEN W=.52361;
IF COL=4 THEN W-.39130;
W2c 1+W;

NOTE: DATA SET WORK. THREE HAS 40 OBSERVATIONS AND 10 VARIABLES. 238 OBSITRK.
NOTEs Tt£ DATA STATEJ1ENT USED 0.09 SECONDS AND 3401<.

42 PROC PRINT DATA=THREEIOBs=51;

NOTEs THE PROCEDURE PRINT USED 0.14 SECONDS AND 3401<
AND PRINTED PAGE 6.

43
44
45
46
47

PROC MIXMOD DATA=THREE NOREQ=NOR t1I1LEQ-t1I1L MLEQ~I

MODEL Y= R X C C R.C/NOFIXED=2;
LEVELS 4 1 4 4 16 ;
PRIORS .6667 -.3333 .3333 1.0
CORWTS W 2 W2 3 ;

NOTE: MIXMOD IS SUPPORTED BY THE AUTHOR, NOT BY SAs.
NOTE: THIS VERSION OF MIXMOD CREATED APRIL 1965.

ALGORITHM USED IS DOCUMENTED IN
"AN EFFICIENT PROCEDURE FOR COMPUTING MINOUE
OF VAA IArlCE COMPONENTS AND GENERALI ZED LEAST
SQUARES ESTIMATES OF FIXED EFFECTS"
COI1M. IN STATIST. THEORY AND J1ETHODS
VOL. A12 NO. 18 , 1983.

NOTE: DATA SET WORK. NOR HAS 7 OBSERVATIONS AND 9 VARIABLES. 250 OBS/TRK.
NOTE: DATA SET WORK.MHL HAS 6 OBSERVATIONS AND 6 VARIABLES. 366 OBS/TRK.
NOTE: DATA SET WORK.ML HAS 6 OBSERVATIONS AND 6 VARIABLES. 366 OBS/TRK.
NOTEs Tt£ PROCEDURE t'IIXMOD USED 0.24 SECONDS AND 3401<

AND PRINTED PAGE 7.

48 PROC PRINT DATA-MtLI

MJTEs Tt£ PROCEDURE PRINT USED 0.14 SECONDS AND 3601<
AND PRINTED PAGE 8.

NOTEs Tt£ PROCEDURE PRINT USED 0.14 SECONDS AND 3601<

'-



11:01 THURSDAY, APRIL IB, 19B5&AS

ODS """"_01 ""IJV_02 ""IJV_03 IlVIJV_04 YQVQY CMP_NAME

4 BAS IhOI THURSDAY. APRIL 18. 1985

MIXED MODELS ANALYSIS PROCEDURE

7

NUI'IBER OF USABLE OBSERVATIONS 40

SUtItIARY OF FIXED EFFECTS - LEVELS OBSERVED
1 OBSERVED '4 USER SPECIFIED 4

2 COVARIATE

SUMMARY OF RANDOM EFFECTS - LEVELS AND PRIORS FOR COMPONENTS •
1 OBSERVED. 4 USER SPECIFIED 4 PRIOR COMPONENT 0.6667
2 OBSERVED 4 USER SPECIFIED 4 PRIOR COMPONENT -0.3333
3 OBSERVED 1:5 USER SPECIFIEu 16 PRIOR COMPONENT 0.3333

PRIOR VALUE FOR RESIDUAL ERROR VARIANCE IS, 1

WORK. THREE

SET_001
1
2
3
4

SET_002
1

THE INPUT DATA SET NAME IS I

KEY TO LABELING OF OBSERVATIONS IN NORI1AL EQ DATA SET

INTERCEPT
ROW <-=>

1 <_..>
2 <==>
3 <=->
4 <=->
X <-->

<-->

1 2.5940bE-01 7.3193BE-02 1.21074E-02 I.B9017E-02 6.12239E-Ol SIGMA_Ol
2 7.3193BE-02 3.32577E-Ol 5.41744E-02 B.901~5E-02 7.31514E+OO SIGMA 02
3 1.21074E-02 5.41744E-02 5.52395E-Ol 2.15B79E-02 4.B7561E+OO GRPI
4 I.B9017E-02 B.90135E-02 2. 15B79E-02 5.93B67E-Ol 4. 78445E+00 GRP2
:5 2.00000E+OO 3.00000E+00 4.00000£+00 S.OOOOOE+OO -1.04954E+02 PRIORS
6 4.00000E+00 1.50000E+Ol 1.50000E+Ol 4~00OOOE+Ol . LEVELS

&AS 11:01 THURSDAY, APRIL 18, 1985 5

ODS /'lLEIJ_OI MLEQ_02 MLEQ_03 MLEIJ_04 YIJVIJY CMP_NAtIE

1 3.62425E-Ol 1.00209E-Ol 1.36547E-02 2.46846E-02 6.12239E-Ol SIGMA_Ol
2 1.00209E-Ol 4.79799E-Ol 6.69289E-02 1.24201E-Ol '7.31514E+00 SIGMA_02
3 1.36547E-02 6.692B9E-02 6.56887E-Ol 2.02BI0E-03 4. 875b1E+OQ GHPI
4 2.46846E-02 1.24201E-Ol 2.02BI0E-03 6.55752E-Ol 4. 78445E+OO GRP2
5 2.00000E+00 3.000(~E+OO 4.00000E+OO 5.00000E+OO -1.09696E+02 PRIORS
6 4.00000E+OO 1.50000E+Ol 1.50000E+Ol 4.00000E+Ol . LEVELS

BAS 11101 THURSDAY, APRIL 18. 1985 6

OBS Y ROW COL N I X XX GRP W W2

1 11.5498 1 1 3 1 2.13707 4.56708 GRPI 0.3B02B 1.38028
2 12.8734 1 1 3 2 0.10599 0.01123 GRPI 0.3B028 1.3B028
3 13.1788 1 1 3 3 0.5306B p.2B162 GRPI 0.38028 1.38028
4 14.4319 1 2 :5 1 2.81B61 7.94457 GRPI 0.51515 1.51515
5 11.. 1712 1 2 5 2 0.64263 0.41297 GAPI 0.51515 1.51515

KEY TO LABELING OF OBSERVATIONS IN I'L AND tII'L DATA SETS

COL <--> SIGMA_Ol
I

COL <--> SIGMA_02

ROW • COL <-> SIGtIA_03

ERROR <-> ERROR

PRIORS <-> PRIORS

..
i

<...
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085 QVQV_OI QVQV_02 QVQV_03 QVQV_04 YQVQY CI1P_NAME

I 5. I I 845E+00 2.33392E+00 2.1105IE+00 5.77538E-OI I.OI546E+OI SIGMA 01
2 2. 33392E+00 1.07947E+00 9.58298E-Ol 2.63214E-OI 4.8751IE+00 SIGMA-02
3 2.11051E+00 9.5829BE-OI 2.09639E+Ol 6.01444E+OO 2.99098E+02 SIGMA:03
4 5. 7753BE-ol 2.63274E-OI 6.01444E+00 2.59845E+OI 2.28612E+02 ERROR
5 6.66700£-01 -3.33300E-OI 3.33300E-OI I.OOOOOE+OO -2. 11029E+02 PRIORS
6 4. OOOOOE+00 4.00000E+00 1.5OoooE+Ol 4.00000E+OI . LEVELS

SAS 11:01 THURSDAY, APRIL 18. 1985 9

08S HLEQ_Ol HLEQ_02 I'ILEQ_03 HLEQ_04 YQVQY CMP_NAME

I 7.03551E+OO 3.21423E+OO 2.84030E+00 7.35591E-ol 1.01546E+Ol SIGMA_Ol
2 3.21423E+00 1.50002E+00 1.29353E+00 3.36794E-Ol 4.87511E+00 SIGMA_02
3 2. 84030E+00 1.29353£+00 3.02744E+Ol 8.16248E+00 2.9909BE+02 SIGMA_03
4 7. 3559IE-Ol 3.36794E-Ol 8. 1624BE+00 2.75991E+Ol 2.28612E+02 ERROR
5 6.66700E-ol -3.33300E-ol 3.33300E-ol 1.00000E+OO -2. l1B05E+02 PRIORS
6 4.00000£+00 4. OOOOOE+00 1. 50000E+01 4. OOOOOE+01 . LEVELS

IIJUSTSAS JOB NCS.ES.B4126,GIESBRECHT,TIME=5.PRTYz 4
I.JOBPARM LINES=10
IISAST EXEC SAST,REGION=2500K
IISTEPLIB DO DISP=SHR,DSN=NCS.ES.B4126.GIESBREC.MIXHOD.SASO
II DO DISP=SHR,DSN=SYSSAS.LIBRARY.VERCUR
II DO DISP=SHR,DSN=SYSl.PLI.LINKLIB
II DO DISP=SHR,DSN=SYS2.SORT.L'NKLIB
II DO DISP=IOLD.PASS),DSN-•• LIBRARY,VOL-REF-•• LIBRARY
IIFT32FOOI DO DSN=NCS.ES.B4126.GIESBREC.MIXHOO.OUTPUT.OISP-IOLO,KEEP)
OPTIONS NOCENTER LS=78 ;
PROC PRINTTO UNIT=32 NEW;
DATA;DROP CLIM;
DO ROW = 1 TO 5;

DO COL = 1 TO 5;
CLIM=2+RANBINI32617.3••5);
DO CELL =. 1 TO CLIM;

Y = 10+ROW+COL+ROW.COL/5+RANNOR(33777);
OUTPUT;
END;

END;
END;

DATA;SET;DROP LIM;
LIM=I+RANBIN(42347.3•• 5);
DO LAYER = I TO LIM;

OUTPUT;
END;

DATA; SET;
IF LAYER = I THEN Y=Y+2.;
IF LAYER = 2 THEN Y=Y+.2;
IF LAYER = 3 THEN Y=Y-.8;
IF LAYER = 4 THEN Y=Y+.9;
IF LAYER = 5 THEN Y=Y+I.4;
DATA MIX;SET; DROP P YOLO;
YOLD=Y; P=RANPOI137627,3);
DO OBS = 1 TO P;

Y=YOLD+RANNORI557371;
OUTPUT;
END;

PROC PRINT DATA=MIXIOBS=30);
PROC MIXMOD DATA=MIX NOREQ~SQ MINQEQ-eoMP OF ~Q-NL;

;10DEL Y=ROW COL ROW.COL CELL.ROW.COL LAYER ROW.LAYER COL.LAYER
ROW.COL.LAYER ROW.COL.CELL.LAYER INOFIXED-31
LEVELS 5 5 25 100 7 35 35 175 300 I

PROC PRINT DATA=LSQ;
PROC PRINT DATA=COI1P;
PROC PRINT DATA-I'ILI

-- ....

e e



.....
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VS2/tlVS JOB JUSTSAS STEP SAS
0:02 FRIDAY. APRIL 19, 1985

OS SAS 82.4LOG

PROC PRINT DATA-MIXIOBSa 301;

SA S

NOTEI THE PROCEDURE PRINT USED 0.19 SECONDS AND 284K
AND PRINTED PAGE 1.

2

30

VS2/tlVS JOB JUSTBAS STEP BAS
0:02 FRIDAY. APRIL 19. 1985

'.•.:

OS SAS 82.4LOBSA S

TtE JOB JUSTSAS HAS ElEEN RUN UNDER RELEASE 82.4 OF BAS AT
TRIANGLE UNIVERSITIES COMPUTATION CENTER (014400011.
SAS OPTIONS SPECIFIED ARE:

SORT=4
HOTE.

HOTEl

NOTEI THE PROCEDURE PRINTTO USED 0.12 SECONDS AND 284K.

1
2

OPTIONS NOCENTER LSa78 ;
PROC PRINTTO UNIT-32 NEW;

31
32
33
34

PROC tllXMOD DATA=MIX NOREQ=LSO tlINOEQ=eOMP OF tlLEQ=tlL;
tlODEL V-ROW COL ROW'COL CELL'ROW.COL LAYER ROW.LAYER DOL.LAYER
ROW'COL,LAYER ROW'COL'CELL,LAYER /NOFIXED-3;
LEVELS 5 5 2S 100 7 35 35 175 300 ;

NOTE. DATA SET WORK. DATAl HAS 85 OBSERVATIONS AND 4 VARIABLES. 529 OBS/TRK.
NOTE: THE DATA STATEMENT USED 0.13 SECONDS AND 284K.

3
4
5
6
7
8
9
10
11
12

DATA; DROP CLlM;
DO ROW = 1 TO 5;

DO COL - 1 TO 5;
CLIM=2+RANBINI32617.3•• 51;
DO CELL • 1 TO CLIM;

V = 10+ROW+COL+ROW.COL/5+RANNORI337771;
OUTPUT;
END;

END;
END;

NOTE. tllXMOD IS SUPPORTED BY THE AUTHOR. NOT BY SAS.
NOTEI THIS VERSION OF MIXMOD CREATED APRIL 1985.

ALGORITHM USED IS DOCUMENTED IN
"AN EFFICIENT PROCEDLJRE FOR COMPUTING MINOUE
OF VARIANCE COMPONENTS AND GENERALIZED LEAST
SQUARES ESTIMATES OF FIXED EFFECTS"
COHM. IN STATIST. THEORY AND METHODS
VOL. A12 NO. 18 • 1983.

NOTE. DATA SET WORK.LSO HAS 253 OBSERVATIONS AND 39 VARIABLES. 60 OBS/TRK.
NOTEI DATA SET WORK.COMP HAS 9 OBSERVATIONS AND 9 VARIABLES. 250 OBS/TRK.
NOTE I DATA SET WORK.tIL HAS 9 OBSERVATIONS AND 9 VARIABLES. 250"OBS/TRK.
NOTE. THE PROCEDURE MIXMOD USED 54.46 SECONDS AND 2156K

AND PRINTED PAGES 2 TO 3.

NOTE: THE PROCEDURE PRINT USED 1.44 SECONDS AND 34BK
AND PRINTED PAGES 4 TO 37.

13
14
15
16
17

DATA;SET;DROP LIM;
LIM=I+RANBINI42347,3•• S1;
DO LAYER a 1 TO Lltl;

OUTPUT;
END;

35

36

PROC PRINT DATA-LSQ;

PROC PRINT DATA=COMP;

NOTE: DATA SET WORK.DATA2 HAS 209 OBSERVATIONS AND 5 VARIABLES. 433 OBS/TRK.
NOTE: THE DATA STATEMENT USED 0.13 SECONDS AND 284K. .

NOTE: THE PROCEDURE PRINT USED 0.17 SECONDS AND 340K
AND PRINTED PAGE 38.

NOTE. DATA SET WORK.DATA3 HAS 209 OBSERVATIONS AND 5 VARIABLES. 433 OBS/TRK.
NOTEI.THE DATA STATEMENT USED 0.14 SECONDS AND 284K.

DATA;SET; 37
IF LAYER a 1 THEN V=Y+2.;
IF LAYER - 2 THEN Y=Y+.2; NOTE.
IF LAYER - 3 THEN Y-Y-.B;
IF LAYER = 4 THEN V-V+.9; /IIOTE:
IF LAYER - 5 THEN Y-Y+I.4; NOTEI

18
19
20
21
22
23

PROC PRINT DATA-MLI

THE PROCEDURE PRINT USED 0.19 SECONDS AND 340K
AND PRINTED PAGE 39.
SAS USED 21S6K MEtlORY.
SAS INSTITUTE INC.
SAS CIRCLE
PO BOX 8000
CARV, N.C. 27511-8000

24
25
26
27
28
29

DATA tlIX;SET; DROP P YOLO;
YOLD-Y; P-RANPOII37627.31;
DO OBS - 1 TO P;

V=YOLD+RANNORIS57371I
OUTPUT;
END;

NOTE: DATA SET WORI<.tlIX HAS 6SO OBSERVATIONS AND 6 VARIABLES. 366 OBS/TRK.
NOTEI THE DATA STATEI1ENT USED 0.19 SECONDS AND 284K.



&AS

OBS

1
2
3
4
5
6
7
8
9

085

1
2
3
4
5
6
7
8
9

SAS

OBS

1
2
3
4
5
C
7
8
9

OBS

1
2
3
4
5
6
7
8
9

QVQV_Ol

2.00805E+Ol
2. 73465E-03
4.06727E-02
3. 57583E-02
2. 72441E-Ol
9.3liI43E+00
3. 83428E+OO
1.00000E+00
8.3OO00E+01

QVQV_05

2. 72441E-Ol
7. 92062E-02
1.30840E+00
1. 26282E+00
1. 19039E+Ol
5. 53624E+00
2.06124E+00
l.ooo00E+00
8.100ooE+Ol

I'Il.£Q_Ol

2. 27772E+Ol
2. 79906E-02
4. 12679E-Ol
4.08292E-Ol
2.65:!SO:lE+00
1.03510£+01
4. 17624E+00
1.00000E+00
8.30000£+01

I'I...£Q_05

2. 65380E+OO
9.56979E-02
1.60183E+00
1. 571 96E+00
1. 48555E+Ol
6.56829£+00
2. 47551E+OO
1 • oooooe;+00
8. 1OOOOE+O1

lJVQV_02

2.73465£-03
1.25629E+00
2. 57269E-Ol
2. 69366E-Ol
7. 92062E-02
5. 26081E-02
1. 87669E-02
1. OOOOOE +00
4.000ooE+00

QVQV_06

9.39143E+OO
5.26081E-02
7. 62956E-Ol
7.oo874E-01
5. 53624E+OO
3.97467E+Ol
1.52184E+Ol
1.00000E+00
1. 99000E+02

HLEQ_02

2.79906£-02
1. 6 7582E +00
3.41771E-Ol
3.52474E-Ol
9. 56979E-02
6. 43223E-02
2. 31789E-02
1.00000E+OO
4.00000£+00

Hl.EO_06

1.03510E+Ol
6. 43223E-02
8. 97980E-Ol
8. 39868E-Ol
6. 56829E+OO
4.04914E+Ol
1. 54590E+Ol
1. OOOOOE+00
1. 99000£+02

QVQV_03

4.06727E-02
2. 57269E-Ol
4.97101E+00
1.44381E-Ol
1.30840E+00
7. 62956E-Ol
2. 79708E-Ol
1• 00000£+00
2.00000E+Ol

OVQV_07

3.83428£+00
1. 87669E-02
2. 79708E-Ol
2. 46100E-Ol
2.06124E+00
1.52184E+Ol
4. 58519E+02
1 • OOOOOE +00
6.50000E+02

I'ILEQ_03

4. 12679E-Ol
3.41771E-Ol
6. 62766E+OO
1.55333E-Ol
1.60183E+OO
8. 97980E-Ol
3. 33056E-Ol
1.00000E+OO
2.00000£+01

I'I...EO_07

4. 17624E+00
2. 31789E-02
3. 33056E-Ol
3.01523E-Ol
2. 47551E+OO
1.54590£+01
4.58715£+02
1.00000E+oo
6.50000£+02

0:02 FRIDAY. APRIL 19. 1985

QVQV_04

3. 57583E-02
2. 69366E-Ol
1. 443l!lIE-01
4. 97081E+00
1. 26282E+OO
7.00874E-Ol
2.46100£-01
1.00000E+OO
1.90000E+Ol

YQVQY CMP_NAME

2.25160E+Ol SIGMA_Ol
2. 15662E+00 SIGMA_02
6.66327E-Ol SIGMA_03
6.96546E-Ol SIGMA_04
3.27437E+OO SIGMA_05
2.14261E+Ol SIGMA_06
4.75608E+02 ERROR

-1.06354E+03 PRIORS
LEVELS

0:02 FRIDAY. APRIL 19. 1985

MLEQ_04

4.08292E-Ol
3. 52474E-Ol
1. 55333E-Ol
6. 63383E+00
1. 57196E+00
8. 39868E-Ol
3.01523E-Ol
1.00000E+OO
1.90000E+Ol

YQVQY CMP_NAME

2.25160E+Ol SIGMA_Ol
2. 15662E+00 SIGMA_02
6.66327E-Ol SIGMA_03
6.96546E-Ol SIGMA_04
3.27437E+00 SIGMA_OS
2.14261E+Ol SIGMA_06
4.7560BE+02 ERROR

-1.09OO4E+03 PRIORS
L£VELS

<..

38

39

(

IIEXAMPLE JOB NCS.ES.B4126,GIESBRECHT,TIMEc l,PRTY-9
laJOBPARM LINES=10
IISAST EXEC SAST,REGION=1200K
IISTEPLIB 00 OISP=SHR,DSN=NCS.ES.B4126.GIESBREC.MIXMOD.SASO
II 00 OISP=5HR,OSN=SVSSAS.LIBRARY.VERCUR
II 00 DISP=SHR,OSN=SYS1.PLI.LINKLIB
II 00 OISP=SHR,OSN=SYS2.S0RT.L~NKLIB

II DO OISP=IOLO,PASS1,OSN=*.LIBRARY,VOL-REF-a.LI9RARY
IIFT32FOOI 00 DSN=NCS.ES.B4126.GIESBREC.MIXMDD.OUTPUT.OISP-IOLD.KEEP)
OPTIONS LS=78 ;
PROC PRINTTO UNIT=32 NEW;
a EXAMPLE ON PAGES 83-92 OF PATTERSON ~ WILLIAMS BIOMETRIKA 1976 ;
DATA PATW ; KEEP REP BLOCK TRT YIELD ;
00 REP = 1,2,3 ;

00 B = 1,2,3,4 ;
BLOCK= 4*(REP-l1+B; BL-l00+5aRANNOR(37777);
00 T = 1 TO 5;

INPUT TRTS .01;
YIELD - BL + 2*RANNORI372611;OUTPUT; • PAPER GIVES NO YIELDS J
END;

END;
END;

CARDS;° 4 8 12 16 1 5 9 13 17 2 6 10 14 18 3 7 11 IS 19
o 5 10 15 19 1 6 11 12 16 2 7 8 13 17 3 4 9 14 18
o 6 11 13 18 1 7 8 14 19 2 4 9 15 16 3 5 10 12 17
PROC PRINT;
PROC SORT; BY TRT
PROC 6L/'l ;
CLASSES REP TRT BLOCK ;
MODEL YIELD=REP TRT BLOCK(REPI
PROC 6LM ;
CLASSES REP TRT BLOCK ;
MOUEL VIELD=REP BLOCK(REPI TRT ;
LSMEANS TRT ;
PROC MIXMOD DATA=PATW NOREQ=NOREQ MMLEQ=MMLEQ SOLN/'lHL;
MODEL YIELO=REP TRT BLOCK.REP INOFIXEO=2;
LEVELS 3 20 12 ;
PRIORS 1.0 1.0;
PROC MIXMOO OATA=PATW NOREQ=NOREQ MHl.EQcMMLEQ SOLNMHLJ
MODEL VIELO=REP TRT BLOCKaREP INOFIXED-25
LEVELS 3 20 12 ;
PRIORS 20.9185 3.7094 ;
PROC MATRIX;
FETCH A OATA=NOREQ;
XPVIX=All:24,1:241;XPVIYmA(1124.251;
XPVIXI=GINVIXPVIX1; .
SOLN=XPVIXI*XPVIY;
PRINT SOLN;
XPVIXI=XPVIXI15:24.51241.
D=VECDIA6IXPVIXI1;
DIFFmD*J(I.20.1)+J(20.1.11.D·-2.XPVIXI;
PRINT DIFFJ
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kEY TO LABELING OF OBSERVATIONS IN ..... AND I'lI'lL. DATA SETS BAS 0:02 FRIDAY, APRIL 19, 1985 4

CELL • ROW • COL <_.> SIGNA_Ol
08S VAR_NAME EQN_ID XVIX_ool XVIX_002 XVJX_003 XVIX_004 XVIX_005 XVIX_OOb

LAVER <--> SI6M_02
1 INTRCPT 2.51358 0.52368 0.46501 0.53876 0.48638 0.49974

ROW • LAVER <--> SIGNA_03 2 SET_OOI 1 0.52368 1.89133--0.32808 -0.35437 -0.34200 -0.34319". 3 SET_OOI 2 0~46501 -0.32808 1.76663 -0.34347 -0.32608 -0.30399",COL • LAVER (--> SI6M_04 4 SET_OOI 3 0.53876 -0.35437 -0.34347 1.92698 -0.34954 -0.34083
5 SET_OOI 4 0.48638 -0.34200 -0.32608 -0.34954 1.84514 -0.34114

ROW • COL • LAVER <--> 51G/'IA_05 . 6 SET_OOI 5 0.49974 -0.34319 -0.30399 -0.34083 -0.34114 1.82890
7 5ET_002 1 0.55744 0.07459 0.20909 0.16806 0.06639 0.03930

ROW • COL • CELL • LAYER <-> 816M_06 8 SET_002 2 0.50652 0.18598 0.08195 0.10372 0.09138 0.04349

ERROR (-> ERROR / OBS XVIX_007 XVIX_008 XVIX_009 XVIX_OI0 XVI X_OIl XVIX_012 XVIX_013 XVIX_014

PRIORS (-> PRIORS 1 0.55744 0.50652 0.50935 0.39903 0.54125 0.10255 0.14189 0.11042
2 0.07459 0.18598 0.13498 0.11233 0.01580 0.41636 0.45708 0.36419
3 0.20909 0.08195 0.07375 0.08068 0.01953 -0.08009 -0.07539 -0.05527
4 0.16806 0.10372 0.06999 0.06541 0.13159 -0.08076 -0.08813 -0.00595
5 0.06639 0.09138 0.06290 0.09687 0.16883 -0.07715 -0.08224 -0.05410
6 0.03930 0.04349 0.16772 0.04373 0.20550 -0.07581 -0.06943 -0.07845
7 1.97320 -0.37229 -0.34830 -0.31756 -0.37761 0.38329 -0.09079 -0.07300
8 -0.37229 1.86479 -0.34390 -0.29791 -0.34417 -0.07678 0.47291 -0.08477

OBS XVIX_015 XVIX_016 XVIX_017 XVIX_018 XVIX_019 XVIX_020 XVIX_021 XVIX_022

1 0.09926 0.06957 0.14978 0.09049 0.08852 0.07693 0.05929 0.14082
2 0.37167 0.28203 -0.10168 -0.06337 -0.04684 -0.06569 -0.05049 -0.09069
3 -0.06717 -0.05016 0.54517 0.33498 0.32548 0.30826 0.25275 -0.11832
4 -0.06680 -0.05273 -0.11902 -0.05343 -0.07070 -0.0~374 -0.04658 0.49955
5 -0.07667 -0.05184 -0.08743 -0.07126 -0.06014 -0.06103 -0.04622 -0.07557
6 -0.06176 -0.05774 -0.08726 -0.05644 -0.05927 -0.05086 -0.05016 -0.07415
7 -0.08479 -0.06012 0.46182 -0.07218 -0.06951 -0.06275 -0.04829 0.47063
8 -0.07572 -0.04966 -0.08546 0.34798 -0.06938 -0.06146 -0.04973 -0.08433

085 XVIX_023 XVIX_024 XVIX_025 XVIX_026 XVIX_027 XVIX_028 XVIX_029 XVIX_030

1 0.10263 0.09812 0.07302 0.12416 0.08563 0.09883 0.08220 0.08740
2 -0.08179 -0.05458 -0.06284 -0.06448 -0~07766 -0.07155 -0.04342 -0.07729
3 -0.05284 -0.06853 -0.05195 -0.05184 -0.07250 -0.07174 -0.05851 -0.06322
4 0.34578 0.35056 0.28952 0.44157 -0.06969 -0.05799 -0.06643 -0.05996
5 -0.05877 -0.06626 -0.05737 -0.09158 0.37018 0.36246 0.30600 0.33926
6 -0.04975 -0.06307 -0.04434 -0.10952 -0.06469 -0.06235 -0.05543 -0.05139
7 -0.07998 -0.06868 -0.05242 -0.10149 0.36631 -0.08062 -0.06598 -0.07276
8 0.36127 -0.05520 -0.04094 -0.07708 -0.07818 0.40989 -0.07436 -0.07916

085 XVIX_031 XVIX_032 XVIX_033 XVIX_034 XVIX_035 XVIX_036 XVIY

0.13232 0.07865 0.07268 0.13008 0.06242 0.15592 45.7724
2 -0.07208 -0.07175 -0.05440 -0.08436 -0.05351 -0.07918 2.5103
3 -0.06011 -0.06517 -0.05306 -0.06942 -0.04522 -0.07112 4.4985
4 -0.09546 -0.06202 -0.04252 -0.07749 -0.04361 -0.11520 9.7062
5 0.46725 -0.06363 -0.05882 -0.06260 -0.04732. -0.10878 12.8120
6 -0.10728 0.34121 0.28147 0.42394 0.25208 0.53019 16.2454
7 -0.·08056 0.29116 -0.04873 -0.07114 -0.04484 -0.08714 2.6455
8 -0.08681 -0.04755 0.27274 -0.06018 -0.04063 -0.08089 5.8878

(.



VS2/MVS JOB EXAMPLE STEP SAS
10:39 FRIDAY, APRIL 19, '1~

OS SAS 82.4LOG

PROC MIXMOD DATA=PATW NOREQ=NOREQ MMLEQ-I'II'ILEQ SOLNI'IHL.
MODEL YIELD=REP TRT BLOCK.REP /NOFIXED=2.
LEVELS 3 20 12 ;
PRIORS 1.0 1.0

5 A S2

27
28
29
30

os SAS 82.4LOGSA S VS2/MVS JOB EXAMPLE STEP SAS
10:38 FRIDAY, APRIL 19, 1985

telTE. TtE JOB EXAI1PLE HAS £lEEN RUN UNDER RELEASE 82.4 OF SAS AT
TRIANGLE UNIVERSITIES COMPUTATION CENTER (01440001).

telTE. SAS OPTIONS SPECIFIED ARE:
SORT=4

telTE. THE PROCEDURE PRINTTO USED 0.10 SECONDS AND 284K.

NOTE•. TtE PROCEDURE GLM USED 0.33 SECONDS AND 344K
AND PRINTED PAGES 3 TO 4.

NOTE: DATA SET WORK.PATW HAS 60 OBSERVATIONS AND 4 VARIABLES. 529 OBS/TRK.
NOTE. TtE PROCEDURE SORT USED 0.28 SECONDS AND 652K.

18 PROC PRINT;

telTE: TtE PROCEDURE PRINT USED 0.15 SECONDS AND 2B4K
AND PRINTED PAGES I TO 2.

PROC MATRIX;
FETCH A DATA=NOREQ;
XPVIX=A(I:24,1:24);XPVIY=A(I:24,25);
XPVIXI=GINV(XPVIX);
SOLN=XPVIXI.XPVIY;
PRINT SOLN;
XPVIXI=XPVIXI (5: 24, 5.24);·
D=VECDIAG(XPVIXI);
DIFF=D'J(l,20,l)+J(20,l,l)'D'-2'XPVIXI;
PRINT DIFF;

35
36
37
38
39
40
41
42
43
44

NOTE. MIXMOD IS SUPPORTED BY THE AUTHOR, NOT BY SAS.
NOTE. THIS VERSION OF MIXMOD CREATED APRIL 1985.

ALGORITHM USED IS DOCUMENTED IN
"AN EFFICIENT PROCEDURE FOR COMPUTING MINQIJE
OF VARIANCE COMPONENTS AND GENERALIZED LEAST
SQUARES ESTIMATES OF FIXED EFFECTS"
COMM. IN STATIST. THEORY AND METHODS
VOL. AI2 NO. 18 , 1983.

NOTE: DATA SET WORK.NOREQ HAS 25 OBSERVATIONS AND 27 VARIABLES. B6 OBS/TRK.
NOTE: DATA SET WORK.MMLEQ HAS 4 OBSERVATIONS AND 4 VARIABLES. 529 OBS/TRK.
NOTE: DATA SET WORK. DATAl HAS 4 O~SERVATIONS AND 4 VARIABLES. 529 OBS/TRK.
NOTE. THE PROCEDURE MIXMOD USED 0.37 SECONDS AND 284K

AND PRINTED PAGES 8 TO 9.

31 PROC MIXMOD DATA=PATW NOREQ=NOREQ MMLEQ=MnLEQ ~J
32 MODEL YIELD=REP TRT BLOCK.REP /NOFIXED=2;
33 LEVELS 3 20 12 ;
34 PRIORS 20.9185 3.7094 J

NOTE. MIXMOD IS SUPPORTED BY THE AUTHOR, NOT BY SASe
NOTE: THIS VERSION OF MIXMOD CREATED APRIL 1985.

ALGORI1HM USED IS DOCUMENTED IN
"AN EFFICIENT PROCEDURE FOR COMPUTING MINQUE
OF VARIANCE COMPONENTS AND GENERALIZED LEAST
SQUARES ESTIMATES OF FIXED EFFECTS·
COMM. IN STATISr. THEORY AND METHODS
VOL. A12 NO. 18 , 1983.

NOTE: DATA SET WORK.NOREQ ~IAS 25 OBSERVATIONS AND 27 VARIABLES. 86 OBS/TRK.
NOTE: DATA SET WURI<.MMLEQ HAS 4 OBSERVATIONS AND 4 VARIABLES. 529 OBS/TRK.
NOTE: DATA SET WORK.DATA3 HAS 4 OBSERVATIONS AND 4 VARIABLES. 529 OBS/TRK.
NOTE. THE PROCEDURE MIXMOD USED 0.39 SECONDS AND 340K

AND PRINTED PAGES 10 TO II.

NOTE. THE PROCEDURE MATRIX USED 0.43 SECONDS AND 368K
AND PRINTED PAGES 12 TO 14.

529 OBS/TRK.

PROC GLM ;
CLASSES REP TRT BLOCK •
MODEL YIELD-REP BLOCK(REP) TRT
LSI1EANS TRT •

PROC GLM ;
CLASSES REP TRT BLOCK ;
MODEL YIELD=REP TRT BLOCK(REP)

PROC SORT; BY TRT

END;
END;

END;
CARDS;

DATA PATW ; KEEP REP BLOCK TRT YIELD ;
00 REP = 1,2,3 ;

00 B - 1,2,3,4 •
BLOCK= 4.(REP-l)+B; BL-I00+5.RANNOR(37777).
DO T .. 1 TO 5;

INPUT TRT • 0)0);
YIELD. BL + 2.RANNOR(37261);OUTPUT;

• PAPER GIVES NO YIELDS

OPTIONS LS=7B ; ,~

PROC PRINTTO UNIT=32 NEW;
• EXAI1PLE ON PAGES 83-92 OF PATTERSON & WILLIAMS BIOI'IETRIKA 1976 •

23
24
25
26

19

20
21
22

NOTE: SAS WENT TO A NEW LINE WHEN INPUT STATEMENT
REACHED PAST THE END OF A LINE.

NOTE: DATA SET WORK.PATW HAS 60 OBSERVATIONS·AND 4 VARIABLES.
NOTE: THE DATA STATEMENT USED 0.11 SECONDS AND 2B4K.

11
12
13
14

4
5
6
7
8
9
10

1
2
3

telTE. THE PROCEDURE GUt USED 0.41 SECONDS AND 3441<
AND PRINTED PAGES 5 TO 7.

...
..

'-
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GENERAL LINEAR ttClDELS PROCEDUREOBS REP BLOOC TRT YIELD
SAS 10:38 FRIDAY. APRIL 19. 1985 3

20 0 1 10 11 12 13 14 15 16 17 18 19 2 3 4 5 6 7 8 9

12 1 2 3 4 5 6 7 8 9 10 11 12

NUHBER OF OBSERVATIONS IN DATA SET • 60
SAS 10:38 FRIDAY. APRIL 19. 1985 4

GENERAL LINEAR ttClDELS PROCEDURE

DEPENDENT VARIABLE. YIELD

CLASS LEVEL INFORI1ATJON

LEVELS' VALUES

3 1 2 3

29.43

0.0001

PR > F

FVALLE

YIELD t1EAN

4.78030085

MEAN SQUARE

100.53970715

140.66682660

ROOTMSE

TYPE I 55 F VALUE PR > F

2.18639129

138.62889875

4358.63369685

4220.00479809

SUI1 OF SQUARES

OF

OF

59

30

29

C.V.

2.1747

BLOOC

TRT

CLASS

REP

MODEL

SOURCE

R-SQUARE

ERROR

CORRECTED TOTAL

0.968194

SOURCE

105.948
105.038
106.374
105.338
107.071
106.293
101.861
104.844
106.626
101.993
102.857
98.760

105.090
100.443
102.913
108.220
106.290
109.166
110.473
107.716
107.269
106.927
103.065
104.924
107.157
95.697
94.597
96.220
92.127
92.753

112.359
111.379
113.449

o
4
8
J'2
16
1
5
9
13
17
2
6
10
14
18
3
7
11
15
19
o
5
10
15
19
1
6
11
12
16
2
7
8

1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
6
6
6
6
6
7
7
7

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

• • •
REP
TRT
BLOCKIREP)

2
19

9

1723.89842526
913.34997529

1582.75639754

180.31
10.06
36.79

0.0001
0.0001
0.0001

SOURCE OF TYPE III 55 F VALUE PR > F

55
56
57
58
59
60

3
3
3
3
3
;5

11
12
12
12
12
12

16
3
5
10
12
17

80.992
93.496
88.5457
92.3204
92.0541
90.5700

REP
TRT
BLOOCIREP)

2
19

9

1723.89842526
42.55567283

1582.75639754

180.31
0.47

36.79

0.0001
0.9558
0.0001

-- e e
<"
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"IXED "ODELS ANALYSIS PROCEDURE SOLN COLI

KEY TO LABELING OF OBSERVATIONS IN NORI'IAL Eel DATA SET

KEY TO LABELING OF OBSERVATIONS IN ttL AND MtL DATA SETS

SUHMARY OF RANDOM EFFECTS - LEVELS AND PRIORS FOR COMPONENTS
1 OBSERVED 12 USER SPECIFIED 12 PRIOR COMPONENT 20.9185

PRIOR VALUE FOR RESIDUAL ERROR VARIANCE IS 3.7094

NLI'I1lER OF USABLE OBSERVATIONS 60

COL5
COL 10
COL15
COL20

3.18554
2.97638
2.71209

°

2.90541
3.21511
2.97152
3.18554

COL4
COL9

COL14
COL19

3.23054
2.97152
2.93012
3.18596

2.90541
2.93012
3.14456
2.97152

72.6793
29.9524
27.1142
16.7127
3.14269
4.47586
3.83101
5.19028
2.57553
4.70303
3.92815
4.03057

3.1217
3.0191

3.49669
5.78649
2.38666
3.89871
3.86885
2.03448
3.95818
2.56237
3.38396
3.28501

COL3
COL8

COLl3
COLl8

2.93012
2.93012
3.14773
3.21511

• •
3.18596
2.97152
2.90541
3.23581

•
2.97152
2.94681
3.25651
3.23096

3.14456
3.18554
2.97638
2.93012

COL2
COL7

COLl2
COL17

ROW 1
ROW2
ROW3
ROW4
ROW5
ROW6
ROW7
ROW8
ROW9
ROW10
ROWll
ROW12
ROW13
ROW14
ROW15
ROW16
ROW17
ROW18
ROW19
ROW20
ROW21
ROW22
ROW23
ROW24

COLI
COL6

COLli
COL16

3.18554
2.97152
2.971:52
2.99708

°2.97152
2.97152
2.97638

ROW20

ROW1

DIFF

,-..
WORK.PATW

(--) SIG/'tA_OlBLOCK. REP

ERROR <-> ERROR

INTERCEPT
REP <=z> SET_OOI

1 <==> 1
2 <==> 2
3 (5::1) 3

TRT <==> SET_OO2

° <;a~> 1
1 (-==> 2

10 <-> 3
11 (-> 4
12 <-> :5

• • •
7 (==> 18
8 <-> 19
9 <-> 20

TIE INPUT DATA SET NAME IS 1

SUMMARY OF FIXED EFFECTS - LEVELS OBSERVED
1 OBSERVED 3 USER SPECIFIED 3
2 OBSERVED 20 USER SPECIFIED 20'

PRIORS <-) PRIORS

THE SOLUTIONS TO THE ...... EClUATIONB

SIG/'tA_Ol
ERROR

:53.8279
4.7892

<..
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GENERAL LINEAR 110DELS PROCEDURE
I1IXED t10DELS ANALYSIS PROCEDl.flE

kEY TO LABELING OF OBSERVATIONS IN NORMAL EQ DATA SET

SUI1I1ARY OF RANDOM EFFECTS - LEVELS AND PRIORS FOR COMPONENTS •
1 OBSERVED 12 USER SPECIFIED 12 PRIOR COMPONENT

PRIOR VALUE FPR RESIDUAL ERROR VARIANCE IS 1

INTERCEPT

NUI1BER OF USABLE OBSERVATIONS 60

<-> SIGI1A_OlREP

WORK.PATW

BLOCk •

ERROR <_a> ERROR

kEY TO LABEkING OF OBSERVATIONS IN .... AND ...... DATA SETS

.....................................................

SET_001
1
2
3

SET_002
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

<~=>

<==>
<==>
(-==-)

<==>
(-==)

<==>
(*->
<==>
<-==>
(=-)

(11::=)

<me>
(==)

(=->
<-=)
(-->
<_c)

<=..>
<_a>
<-->
<_a>
<_a>
<->
<_a>

REP
1
2
3

TRT

°1
10
11
12
13
14
15
16
17
18
19

2
3
4
5
6
7
8
9

SUMMARY OF FIXED EFFECTS - LEVELS OBSERVED
1 OBSERVED 3 USER SPECIFIED 3
2 OBSERVED 20 USER SPECIFIED 20

THE INPUT DATA SET NAME IS IOF TYPE I SS FVALUE PR'.>:"

2 1723.898425~~ 180.31 O.oooi'
9 2453. 55070<xio, 57.03 0.0001

19 42.55567283 0.47 0.9558

OF TYPE III SS F VALUE PR > F

2 1723.89842526 180.31 0.0001
9 1582.75639754 36.79 0.0001

19 42.55567283 0.47 0.9558

LEAST SQUARES MEANS

TRT YIELD
LSMEAN

° 99.994553
1 101.335429
10 100.762767
11 102.162306
12 99.670664
13 101.377848
14 100.776817
15 101.034916
16 100.415459
17 99.732407
18 100.519484
19 102.379590
2 99.362966
3 100.833945
4 101.087334
5 98.901867
6 101.056257
7 99.001383
8 99.907600
9 100.480547

REP
BLOCk (REP)
TRT

SOURCE

SOURCE

REP
BLOCK (REP)

TRT

PRIORS <--> PRIORS

THE SOLUTIONS TO THE ..... EQUATIONS

SIGMA_Ol
ERROR

,
I, 52.6353

4.9531

'-.

~

<.
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