APPENDIX SIX

SAS CODE FOR THE SIMULATION OF THE COMMON
VARIATES MODEL

*Programm ng code for sinulating 5000 datasets of size 4000 and then
estimating the CVA/time nodel. P=3 is the nunber of variables, t=3 is the
nunber of occasions, and n=4 is the nunber of groups. tn=4000 is the total
sanpl e size and gn=1000 is the sanmple size in each group.;

%et P=3;, %et t=3; %Uet n¥4,
% et count =5000; % et tn=4000; % et gn=1000;

*The code generates a dataset, then estinmates both the common vari ate nodel
and the unique variate nodel. The gl obal do | oop i nvokes several nacros
repeatedly. Hence the nacros are discussed first.;

*fititu and fititc are macros that calculate the fit of the estimtes for
t he uni que variates and the common vari ates nodels, respectively. These
fits are used in the calculation of the maxi num i keli hood test statistic.;

%racro fititu;
fit=(9,9,0);vl=b[1:3,];v2=b[4:6,];Vv3=b[7:9];
%o g=1 %0 &m
%lo s=1 %o &t;
res&g&s=x&g&s- e[ &g, &s] *va&s;
%end,;
res&g=res&g. 1//resé&g. 2/ / res&g. 3;
res&g. res=res&g*resé&g ;
fit=&gn*res&g.res+fit;
%end,;
%vend;

%racro fititc;
fit=(9,9,0); v=b[1:3,];
%o g=1 %0 &m
%lo s=1 %o &t;
res&g&s=x&g&s- e[ &g, &s] *v;
%end,;
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res&g=res&g. 1//res&g. 2/ / res&g. 3;
res&g. res=res&g*resé&g ;
fit=&gn*res&g.res+fit;
%end,;
%vend;

*The macros makmat and xbar set up the data matrices that are used in the
al gorithm Makmat inverts S (the sanple covariance) and then breaks it
into smaller submatrices. xbar sets up the group neans.;

%racr o maknat ;
Si=inv(S);
%lo i=1 %o &;
%lo j=1 % o0 &t;
a=&i *&t - (& -1); k=& *&t; g=& *&t - (& -1); d=& *&t;
Si & & =Si[a:k,g:d];
%end;
%end;
%rend;

%racr o xbar;
%o g=1 %o 4;
%o s=1 %o 3;
j 1=8&s*3-2; | 2=8&s*3;
x&g&s= fava[&g,j1l:j2] " ;
%end;
%end;
%rend;

*The macros normal F and nornmal u eval uate the nornmal equations for the
common vari ates and the unique variates nodel s respectively.;

%racro normal F; v=B[1:&p,]; Inm=B[L,1]; e=sj(&mé&t,O0);
%o g=1 %0 &m
j 1=&P+(&g- 1) *&t +1; | 2=&P+&g* &t ;
e[&g,]=B[j1:j2,]";
%end,;
F&w=j (L, 1,0); w=j (&P, 1,0);
%o g=1 %0 &m
%o g=1 % o0 &t;
%lo s=1 %o &;
wn=e[ &g, &q] *e[ &g, &s] *Si &g&s*v - e[ &g, &J] * Si &q&s*x&g&s +l ntv;
W =Wr +Hwn;
%end,;
%end,;
%end,;
D=j (&m &t , 0);
%o g=1 %0 &m
%o g=1 % o0 &t;
%lo s=1 %o &t;
O &g, &q] =0 &g, &q] +(0. 5) *e[ &g, &S] *Vv™ *Si &Q&S* v+
(0.5)*e[ &g, &S] *V *Si &s&g*Vv - Vv *Si &g&s* X&Q8&S;
%end,;
%end,;
%end,;
nor messq(v) - 1;
Fe&w=wr/ /D[ 1,]//D[2,]°//D3,] //D4,] //norm
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%rend;

%racro normal u; nv=&p*&t; v=B[l:nv,]; e=j(&mé&t,0);
%lo r=1 %o &;

j 1=&p* & - &p+1; j 2=&p* &r;
v&r=v[j1:j2,]; j 3=&p* &t + &t *&m + &r;
| m&r=B[] 3, 1] ;

%end,;

%o g=1 %0 &m
jl=(&p-1)*& + &g*& + 1; j2=(&p-1)*& + &g*& + &t;
e[&g,]=B[j1:j2,]";
%end,;
F&w=j (L, 1, 0);
%lo r=1 % o0 &t; w&r =j (&P, 1, 0) ;
%o g=1 %0 &m
%lo s=1 %o &t;
wn=-e[ &g, & ] *e[ &g, &S] *Si & &s*Vv&s + e[ &g, & ] *Si & &S*x&J&S +
e[ &g, & ] *e[ &g, &S] *V&r ~*Si & &S*VE&S*V&r - e[ &g, & ] *V& T * Si & &S* X&Y&S* V& ;
W& =W&r +wWn;
%end,;
%end,;
WEI =W&r +| m&r *Va&r ;
%end,;
D=j (&m &t , 0);
%o g=1 %0 &m
%lo r=1 %o &;
%lo s=1 %o &P;
D&y, & 1= &g, & ] + e[ &g, &S] *V& " *Si & &*V&S - V& *Si & &s*Xx&Q&s;
%end,;
%end,;
%end,;
normej (&, 1, 0);
%lo s=1 %o &t;
nor n{ &s, 1] =ssq(v&s) - 1;

%end,;
Fe&w=wd/ /w2/ w3/ /D[ 1,] //D[2,]°//D3,] //D4,] //norm
%vend;
proc im;
Bi gBc=j ( &count, 15, 0) ; Bi gBu=j ( &count, 23, 0) ;
devmat c=j (&count, 1,0); devmatu=j (&count, 1, 0); Il cmrj (&count, 5, 0);
[ lumsj (&count, 5,0); testy=j(&count, 2,0); [1c=(1,5,0); Ilu=s(1,5,0);

test=j(1,2,0);

do ttt=1 to &count;

*First a data set is created. Wis the covariance matrix of the data, v is
t he conmon canonical variate, and e is the matrix of group scores. seed is
is a 4000 by 9 matrix of zeros which serve as seeds for the random nunber
generator. The random nunbers follow the normal distribution. The matrix
of random nunbers, data, is treated as a matrix of residuals.;

seed=j (& n, 9,0); data=normal (seed);

W{ 4.8 2.1 1.0 2.4 1.050.5 1.2 0. 525 0. 25,
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2.1 3.3 1.4 1.05 1.65 0.7 0.525 0.825 0. 35,
1.0 1.4 2.9 0.5 0.7 1.450.25 0.35 0.725,
2.4 1.05 0.5 48 2.1 1.0 2.4 1.05 0.5
1.05 1.65 0.7 2.1 3.3 1.4 1.05 1.65 0.7,
0.5 0.7 1.45 1.0 1.4 2.9 0.5 0.7 1.45
1.2 0.5250.25 2.4 1.050.5 4.8 2.1 1.0,
0.525 0.825 0.35 1.05 1.65 0.7 2.1 3.3 1.4,
0.25 0.35 0.725 0.5 0.7 1.451.0 1.4 2.9},
call svd(a,b,c,W;
t dat a=dat a* (di ag(b) ##0. 5)*c";
rhal f =(0.5) ##(0.5);
v={0.5, 0.5, O0}; v[ 3, 1] =rhal f;
e={1.0 0.0 1.0,
0.5 1.0 -.5,
-.5 0.0 0.5,
-1 -1 -11%;

*The subsequent statenents center the data and create a matrix of group
means and a within-groups error matrix.;

u=ul| | u2| | u3|| u4;
di=j (&gn, 1, 1) @l ;

d2=j (&gn, 1, 1) @2 ;

d3=j (&gn, 1, 1) @3’ ;

d4=j (&gn, 1, 1) @4 ;
d=d1//d2//d3//d4; bt =d” *d;
f =d+t dat a;

ftot= (1,9, 0);
do i=1to &tn;
ftot=ftot+f[i,];

end;

f mean=ftot/ & n;
mej (& n, 1, 1);

f means=m@ nean;

f ad=f - f neans;
sstot=fad” *f ad;

fitot=j(1,9,0); f2tot=(1,9,0); f3tot=(1,9,0); f4atot=(1,9,0);

f1=f[1:1000,]; f2=f[1001:2000,]; f3=f[2001:3000,]; f4=f[3001:&n,];

do i=1 to &gn;
fltot=f1ltot+f1[i,];
f2tot=f2tot+f2[i,];
f3tot=f3tot+f3[i,];
fatot=f4tot+f4[i,];

end;

f lave=f 1t ot / &gn;

f 2ave=f 2t ot / &gn;

f 3ave=f 3t ot / &gn;

f 4ave=f 4t ot / &gn;

ftot =(f lave+f 2ave+f 3ave+f 4ave)/ 4;

f lava=f lave-ftot; f2ava=f2ave-ftot; f3ava=f3ave-ftot; f4ava=f4ave-ftot;

fava=f lava//f 2ava// f 3ava// f 4ava,; *print fava;
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bhat =(fava' *fava) * &gn;

f lad=j (&gn, 9, 0); f2ad=j (&gn,9,0); f3ad=j(&gn,9,0); fdad=j(&gn,9,0);
do i=1 to &gn;

flad[i,]=f1[i,]-flave;

fad[i,]=f2[i,]-f2ave

f3ad[i,]=f3[i,]-f3ave;

fdad[i,]=f4[i,]-f4ave
end;

ssl=flad *flad; ss2=f2ad *f2ad; ss3=f3ad *f3ad; ss4=f4ad *f4ad;
sst=ssl + ss2 + ss3 + ss4;
sst ot al =bhat + sst;

Y% bar
Wt hin=sst/&n; S=within;
et P=3; %et t=3; et nr4; L=&P+&t *&mt1;

%rak mat

*The following set of Iines is the code that finds the maxi mum i kel i hood
estimate for the comon variate nodel by solving the normal equations.
The algorithmis a Gauss- Newt on.

2; con=0. 01; dev=0;

del t a=0. 000001; epsil on=1; a=0; r=10; h=-
0.0, 0.5, -1, -1, -1,0 };

B={.5,0.5,.707,1.0,0.0,1.0,0.5,1.0,-.5,-.5,
bol d=B
do until (al pha<0. 000001);
a=a+l,;
Hessi an=j (L, L, 0);
rol d=r;
%et w1,
%Nor mal F
do co=1 to 16;
B=bol d; devol d=dev;
B[ co, 1] =bol d[ co, 1] +del t a;
%et w2,
%Nor mal F
Hessi an[, co] =(F2-Fl1)/delta
end;
B=bol d- epsi | on*i nv( Hessi an+l (16) *con) *F1
% et w3,
%Nor mal F
bdi f f =b- bol d; dev=sun(abs(f3));
*print a h epsilon f3 f1 dev B;
sumabsd=sun(abs(f3)-abs(f1));

r al pha=0;
i f sumabsd<O0 t hen do; epsilon=1; bold=b; h=-2; con=0.01; devol d=dev; end;
el se do;
b=bol d; dev=devol d;
if epsilon=1 then epsilon=0.1;
el se do;
h=h+1;
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con=r**h; epsilon=1;
end;
end;
al pha=abs(sun(f3)); if h=3 then al pha=0;
end;

*The followi ng |lines of code generate the maxi mum |ikelihood test
statistics.;

Yititc

n={ & n};

Sh=within + fit*(1/&n); iw=sinv(wthin);
i nvSh=i nv( Sh);

| rscapx=trace(iwfit);

| rs=n*l og(det (Sh))+n*trace(i nvSh*wi t hi n) +trace(i nvSh*fit);

[ rsi=n*| og(det (Sh)); Irs2=trace(invSh*within); I[rs3=trace(invSh*fit);
[lc[,1]=lrs1;llc[,2]=lrs2;l1c[,3]=lrs3;llc[,4]=Irs;IIc[,5]=lrscapx;

BigBc[ttt,]=B[1:15,] ; devmatc[ttt,] =dev;

Lu=&t * ( &P+&m+1) ;

*The following set of Iines is the code that finds the maxi mum i kel i hood
estimate for the unique variate nodel by solving the normal equations.;

del t a=0. 000001; epsilon=1; a=0; r=10; h=-2; con=0. 01; dev=0;
bal t=b; b=j(24,1,0);
B[1:3,]=Balt[1:3,]; B[4:6,]=Balt[1:3,]; B[7:9,]=Balt[1:3,];
B[ 10:21,]=Balt[4:15,]; B[22:24,]={0, 0, O},
bol d=B
do until (al pha<0. 000001);
a=a+l,;
Hessi an=j (Lu, Lu, 0);
rol d=r;
%et w1,
%Nor mal u
do co=1 to 24,
B=bol d; devol d=dev;
B[ co, 1] =bol d[ co, 1] +del t a;
%et w2,
%Nor mal u
Hessi an[, co] =(F2-Fl1)/delta
end;
B=bol d- epsi | on*i nv( Hessi an+l (24) *con) *F1
% et w3,
%Nor mal u
bdi f f =b- bol d; dev=sun(abs(f3));
sumabsd=sun(abs(f3)-abs(f1));

r al pha=0;
i f sumabsd<O0 t hen do; epsilon=1; bold=b; h=-2; con=0.01; devol d=dev; end;
el se do;
b=bol d; dev=devol d;
if epsilon=1 then epsilon=0.1;
el se do;
h=h+1;

con=r**h; epsilon=1;
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end;
end;
al pha=abs(sun(f3)); if h=3 then al pha=0;
end;

*The followi ng |ines of code generate the maxi mum |ikelihood test
statistics.;

Yititu

n={ & n};

Sh=within + fit*(1/&n); iw=sinv(wthin);
i nvSh=i nv( Sh);

| rsuapx=trace(iwfit);

[ rus=n*| og(det (Sh))+n*trace(i nvSh*wi t hi n) +trace(i nvSh*fit);

[ rsul=n*l og(det(Sh)); lrsu2=trace(invSh*within); |rsu3=trace(invSh*fit);
[lTu[,1]=lrsul;llu[,2]=lrsu2;llu[,3]=lrsu3;llu[,4]=lrus;Ilu[,5]=lrsuapx;
test[, 1] =lrs-Irus;

test[, 2] =l rscapx- | r suapx;

BigBu[ttt,]=B[1:23,] ; devmatu[ttt,]=dev;
[Tunmfttt,2:5]=llu; llenfttt,1:5]=l1c; testy[ttt, 1l:2]=test;
end;

[ibname wat 'c:\prg'; reset storage=wat.simnk5k;

store bigbc bigbu Ilumllcmtesty devnatc devnat u;
quit im;
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