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Preface

SAS/IML for Best Linear Unbiased Prediction (BLUP) was written for assisting graduate
students to gain experiences in performing BLUP analysis. Nowadays, most tools for BLUP
analysis are stressed on solving large numbers of mixed model equations. However, for
comprehensive understanding BLUP process, good examples of small numbers are required.
This text was structured into several parts: SAS/IML introduction, basic matrix operation,
constructing selection indices, solving animal model, solving maternal effect model, solving
multi-trait BLUP, constructing genetic relationship, and solving random regression.

I am thankful to colleges and friends at the University of Georgia who inspired me to
write this material. 1 am indebted to my advisors who directly and indirectly contributed their
experience to the development of this book.

Monchai Duangjinda
2007
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1
Introduction to SAS/IML

IML (Interactive Matrix Language) is a part of SAS system to handle the matrix
programing. SAS/IML has several statements and useful functions related to matrix operations.
SAS/IML can handle data from SAS/BASE, SAS/STAT, etc. Useful technique for SAS/IML
could be found in SAS publication lists. However, this chapter will discuss only basic statement
and functions frequently use in BLUP analysis.

1. Creating IML data step
PROC IML; - Start with PROC IML

------ } IML data step

QUIT; . End with QUIT,;

2. Printing matrix

PRINT A; : Printing matrix A

PRINT A [format 8.1]; : Printing matrix A with 8 char width for each column
and has one decimal

PRINT A B C; - Printing matrix A, B and C in the same paragraph

PRINT A, B, C; : Printing matrix A, B and C in different paragraph

3. Setting up matrix

1) Data entry into matrix

PROC IML; : Creating matrix A
A={1 2 3 4,
5 6 7 8, 1 2 3 4
9 10 11 12}; A=|5 6 7 8
PRINT A;
o 9 10 11 12

2) Creating sub-matrix from original matrix
i) AL = A[3,]: : Creating vector Al from row(3) of matrix A

Al=[9 10 11 12]

ii) A2 = A[,2]: : Creating vector A2 from column(2) of matrix A
2
A2=|6

10



iii) A3 = A[3.2];

1v) A4= A[{1 3}.{2 4}];

3) Modifying data in the matrix

i) A[1,1] = 100;

{0 0 0 0};

ii) A[1.]

iii) A[,4] = {0, 0, 0};

4) Creating special matrix

i) J-function

B =J(2,3,4);

ii) I-function

B=10);

. Selecting value from row(2) and column (3) of
matrix A and storing in variable name A3

A3=10

: Creating matrix A4 by selecting the combination of
row(1)-row(3) and column(2)-column(4) of matrix A

2 4
Ad =
5

: Changing element a1l of matix A into 100

1 2 3 4 100 2 3 4
A=|5 6 7 8 —>A=| 5 6 7 8
9 10 11 12 9 10 11 12

: Changing all elements in row(1) of matrix A into
zero (Note that row(1) has four values)

1 2 3 4 0 0 0 O
A=|5 6 7 8 —>A=|5 6 7 8
9 10 11 12 9 10 11 12

: Changing all elements in column(1) of matrix A
into zero (Note that column(1) has 3 values)

1 2 3 4 0 2 3 4
A=|5 6 7 8 —>A=0 6 7 8
9 10 11 12 0 10 11 12

: Creating 2x3 matix with all elements equal 4.
{4 4 4}
B =
4 4 4

: Creating 3x3 identity matrix
100
B=/0 1 0
001



iii) Diag function . Creating diagonal matrix with diagonal elements

B = DIAG({1,2,3}); equal to 1, 2, and 3, respectively.
100
B=|0 2 0
003

4. Matrix operations

1) C = A+B : Matrix addition

2) C=AB : Matrix substraction
3) C = A*B : Matrix multiplication
4) C = A4 : Scalar multiplication
5 C=A - Matrix transpose

6) C = A@B - Kronecor products
7) C = A**2 : Square of matrix

5. Useful functions

1) C = T(A) : Matrix transpose

2) C = INV(A) : Matrix inversion

3) C = GINV(A) - Calculating Penrose generalized inversion
4) C = EIGVAL(A) : Calculating eigen value

5) C = EIGVEC(A) - Calculating eigen vector

6) C = HALF(A) : Creating Cholesky decomposition matrix
7) C = NCOL(A) : Counting column number of matrix

8) C = NROW(A) : Counting row number of matrix

9) C = TRACE(A) - Calculating trace

Note: SAS/IML dose not have function to calculate rank of matrix. Therefore, to find
rank of matrix, function eigval might be used by counting the number of non-zero eigen
values.



6. Creating matix from SAS dataset

DATA one;
INPUT X vy z;

PROC IML;
USE one;

READ ALL VAR{x y z} INTO A;
READ ALL VAR{x y} INTO B;
READ ALL VAR _ALL_ INTO B;

READ ALL VAR{x y} INTO C WHERE (Z=3);

PRINT A, B, C;

QUIT;

: Creating SAS dataset with 3 variables

: Starting IML language
: Using SAS dataset
: Reading all observations from variable

X,Y,Z into matrix A

: Reading all observations from variable

X,y into matrix B

- Reading all observations from all variables

into matrix C

: Reading all observations from variable

X,z into matrix B and select only rows that
have z equal 3

: Printing matrix A, B, C
: End of IML Language
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2
Basic matrix operation

= Basic Operation

SAS CODE OUTPUT
PROC IML; X
/* Set up matrix */ 1 2
X={1 2, 3 4
3 4};
Y
Y ={5 6, 5 6
7 8%; 7 8
Zz={123, Y4
2 4 5}%; 1 2 3
2 4 5
/* Matrix addtion */
ANS1 = X+Y; ANS1
X+Y = 6 8
/* Matrix substraction */ 10 12
ANS2 = X-Y;
ANS2
/* Matrix multiplication */ X-Y = -4 -4
ANS3 = X*Y; -4 -4
/* Matrix transpose using Alt+96 for ANS3
transpose sign or transpose function */ X*Y = 19 22
ANS4 = X7 ; 43 50
ANS5 = T(X);
ANS4
/* Print matrix */ X = 1 3
PRINT X, Y, Z; 2 4
/* Print matrix with labels */ ANS5
PRINT "X+Y =" ANS1; TX) = 1 3
PRINT "X-Y =" ANS2; 2 4
PRINT *X*Y =" ANS3;
PRINT "X~ =" ANS4;
PRINT "T(X) =" ANS5;
QUIT;

= Matrix and Vector Products

SAS CODE OUTPUT
PROC IML; M
M={10 2, 1 0 2
014, 0O 1 4
2 4 13%; 2 4 1
G = {10 20, G
5 20}; 10 20
5 20
/* Set up column vector */
a={1, 2, 5}; A B C
b ={2, 3, 2}; 1 2 4 5 6
2 3
/* Set up row vector */ 5 2
c = {4 5 6};




/*

/*

/*

/*

/*

/*

/*

/*

Inner product */
ANS1 = a~*b;

Outer product */

ANS2 = a*b”;

Cross product */

ANS3 = a#b;

Cross product */

ANS3 = a#b;

Kronekor product */

ANS4 = M@G;

Scalar multiplication */
ANS5 = 3*M;

Print matrix and vector*/
PRINT M, G, a, b, c;

Print answer with labels */

PRINT "Inner product =" ANS1;

PRINT "Outer product =" ANS2;

PRINT "Cross product =" ANSS3;

PRINT "Kroneckor product =" ANS4;
PRINT "Scalar multiplication =" ANS5;

QUIT;

Inner product

Outer product

Cross product

Kroneckor product

ANS4
10 20
5 20
0 0
0 0
20 40
10 40

0
0]
10
5
40
20

Scalar multiplication

ANS5

3 0
0 3
6 12

= Matrix Inversion

SAS CODE

PROC IML;

/*

/*

/*

/*

A={12,
3

B

1
-~

=

=

2,
2 3 4,
3 0 0};

D={400,
020,
0 0 1};

Matrix determinant */
= DET(A);

DetB = DET(B);
= DET(D);

Matrix Inversion */
INV(A);
INV(B);
INV(D);

=

<

w
I

Print matrix */
PRINT A, B, D;

Print solutions with format */
PRINT DetA DetB DetD;

PRINT INVA [FORMAT=8.1];

PRINT INVB [FORMAT=8.2];

PRINT INVD [FORMAT=8.1];

[N el )
OoONO
OO

DETA DETB
-2 -6

INVA
-2.0 1
1.5 -0.

INVB

0.00 0.00
-2.00 1.00
1.50 -0.50

ooz
OO WwWo

6
12
3

ANS1
18

ANS2

10

ANS3

10

0
0
20
20
80
80

OUTPUT

WN P

OWwWr

DETD

0.33
0.00
-0.17



= Matrix Partitions

SAS CODE
PROC IML;
X=4{1 0 1 O,
0O 1 3 -1,
0 1 -1 1};
Y=4{2111,
1001,
00 2 3};
A={210,
34 1%;
B=4{1 o0,
2 4,
3 -1};
ANS1 = X+Y;
ANS2 = A*B;
/* Partitioning matrix X */

/*

/*

/*

/*

/*

/*

/*
/*

/*

Extract row(l to 2) and col(l to 3) */

X11 = X[1:2,1:3];

Extract row(l to 2) and col(4) */
X12 = X[1:2,4:4];

Extract row(3) and col(l1 to 3) */
X21 = X[3:3,1:3];

Extract row(3) and col(4) */
X22 = X[3:3,4:4];

Partitioning matrix Y */
Y11 = Y[1:2,1:3];

Y12 = Y[1:2,4:4];
Y21 = Y[3:3,1:3];
Y22 = Y[3:3,4:4];

Addition of partitioned matrix */
Z11 = X11+Y11;

Z12 = X12+Y12;

721 = X21+Y21;

722 = X22+Y22;

Combine partitioned matrix */
Use || to combine column and */
Use // to combine row */
zZ = (Z11]1z12)//

(Z21]1222);

PRINT X11 X12, X21 X22,
Y11 Y12, Y21 Y22,
Z11 712, 721 Z722;
PRINT ANS1, Z;

Partition matrix A */

All = A[1:1,1:2];
Al2 = A[1:1,3:3];
A21 = A[2:2,1:2];
A22 = A[2:2,3:3];

ANS2

s

s

P WwWN

P WN

~rOBR

rOR

OUTPUT
X12

0

-1

X22
1

Y12
1
1

Y22

712

722

Al2

A22

B12

B22
-1

Q12
14

Q22
15



/*

/*

/*

Partition matrix B */

B1l = B[1:2,1:1];

B12 = B[1:2,2:2];

B21 = B[3:3,1:1];

B22 = B[3:3,2:2];

Multiplication of partitioned matrix */
Q11 = A11*B11+A12*B21;

Q12 = A11*B12+A12*B22;

Q21 = A21*B11+A22*B21;

Q22 = A21*B12+A22*B22;

Combine partitioned matrix */

Q = (Qi1]]Q12)//
(Q21]1Q22);

PRINT All A12, A21 A2
B11 B12, B21 B2
Q11 012, Q21 Q2
PRINT ANS2, Q;

QUIT;
SAS COD
PROC IML;
A={226,
2 3 8,
6 8 10};

/* Calculate trace */
TR = Trace(A);
/* Calculate eigenvalue
L = EIGVAL(A);
X = EIGVEC(A);
/* Print */
PRINT tr, L[FORMAT=4.

/* Calculate G-inverse
/* Set last row and col
G = A;
G[3,] =0
G[,3] =0
Gi = GINV(G);

/* Print matrix */
PRINT A, G;

QUIT;

2,
2,
2;

= Eigenvalue and G-inverse

E

and vector */

1], X[FORMAT=5.2]; A
2 2
*/ 2 3
to zero */ 6 8
G
1.5 -1
-1 1
0 0

[cNeoNe)

OUTPUT

0




3

Estimation
=  OLS Estimator
SAS CODE OUTPUT
/* Example 3.1, 3.2 */ XPX
PROC IML; 8 3 2 3
X ={1100, 3 3 0 0
1100, 2 0 2 0
1100, 3 0 0 3
1010,
1010, XPY
1001, 99
1001, 33
100 1}; 21
y = {10,11,12,10,11,10,15,20}; 45
XPX = X™*X; Gl
XPy = X~ *y; 0.00 0.00 0.00 0.00
0.00 0.33 0.00 0.00
/* Calculate G-inverse */ 0.00 0.00 0.50 0.00
/* Set First row and col to zero */ 0.00 0.00 0.00 0.33
G = XPX;
G[1,] = O; B
G[,1] =0; 0.00
Gi = GINV(G); 11.00
10.50
/* Compute solutions */ 15.00
b = Gi*XPy;
PRINT XPX, XPy;
PRINT Gi[FORMAT=6.2], b[FORMAT=6.2];
QUIT;
= GLS, ML, and BLUE Estimator
SAS CODE OUTPUT
/* Example 3.3 */
PROC IML; \Y
X ={1100, 20 5 5 0 0 0 o0 10
1100, 5 20 5 0 0O 0 o0 o
1100, 5 5 20 0 0O O O O
1010, 0 0 0 30 5 0 0 O
1010, 0 0 0 5 30 0 0 O
1001, 0 0 O 0O 0 20 1 1
1001, 0 0 0O O O 1 20 1
100 1}; 10 0 O O O 1 1 20
y = {10,11,12,10,11,10,15,20};




v ={20 5 5 0 0 O 0 10,
520 5 0 0 0O O O,
5 520 0 0 0 0O O,
0O 0 030 5 0 0 O,
0O 0 0O 530 0 0 O,
0O 0 OO 020 1 1,
0O 0 OO O 120 1,
10 0 0 0 O 1 1 20%};

Vi = INV(V);

XVX = XT*Vi*X;

XVy = X™*Vi*y;

/* Calculate G-inverse */
/* Set Ffirst row and col to zero */

G = XVX;
G[1,] = 0;
G[.1] = O;

Gi = GINV(G);

/* Compute solutions */
b = Gi*XVy;

PRINT V[FORMAT=4.0], Vi[FORMAT=6.3];

PRINT XVX[FORMAT=6.2], XVy[FORMAT=6.2];

PRINT Gi[FORMAT=6.2], b[FORMAT=6.2];
QUIT;

N OOW

O O oo

o

XVX
0.
0.
0.
0.

28
09
06
13

XVY
.52
.73
.60
.19

Gl

-00
-00
-00
.00

.00
.87
10.
15.

50
73

o O O

= O © O

.09
11
.00
.02

-00
.54
.00
.32

O O OO

o

.06
-00
.06
-00

-00
.00
17.
.00

50

o O O

.13
.02
.00
.15

.00
.32
.00
.75

IO




4
Prediction

= Best Linear Prediction (BLP)

SAS CODE OUTPUT
/* Example 4.3 */ Y YADJ
PROC IML; 10 -1
X ={1100, 11 0
1100, 12 1
1100, 10 -0.5
1010, 11 0.5
1010, 10 -5
1001, 15 0
1001, 20 5
100 1};
G
Zz ={100, 10.00 5.00 2.50
010, 5.00 10.00 5.00
001, 2.50 5.00 10.00
100,
010, B
100, 12.375
010, -1.375
0 0 13}; -1.875
2.625
y = {10,11,12,10,11,10,15,20};
b = {12.375,-1.375,-1.875,2.625}; U
-0.419
G ={10 5 2.5, 0.036
510 5, 0.444
2.5 5 10%};
R = 90*1(8);
V = Z*G*Z"+R;
yadj = y-X*b;
/* Compute solutions */
u = G*Z*INV(V)*yadj;
PRINT y yadj[FORMAT=6.2];
PRINT G[FORMAT=6.2],V[FORMAT=6.2];
PRINT b[FORMAT=6.3],u[FORMAT=6.3];
QUIT;




/* Examp
PROC IML
X =

y =

G

0
|

\

/* Compu
XPX =
XPy =
XVX =
XVy =

PRINT
PRINT
PRINT

XVX[1
XVX[,
XVXi

b
u

PRINT
QUIT;

= Best Linear Unbiased Prediction (BLUP)

SAS CODE

N
N

*
N

le

{1

PR RRRPRPR
OO O0OO0CO0ORrR KRk
OoO0OOrPFr OO0OOo

{1

OFr OPFr OO0OFr O
R OOOOFr OO
[

OOPr OoOr oo

{10,11,12,10,11,10,15,20};

{10 5 2.5,
510 5,
2.5 5 10};

= 90*1(8);

Z*G*Z"+R;

te solutions */
X™*X;

X“*y;

X *INV(V)*X;

X *INV(V)*Y;

XPX, XPy;

XVX[FORMAT=6.3] , XVy [FORMAT=6 .

G[FORMAT=6.3],V[FORMAT=6_1];

-]
1]

0;
0;
GINV(XVX) ;

XVXT*XVy ;
G*Z *INV(V)*(y-X*b) ;

b[FORMAT=8.4] ,u[FORMAT=8_.4];

3];

XPX

X

O O OO

O O OO

10.

a1

10.
10.
14.

o

W N W o

PY
99
33
21
45

XVX

.057
-022
-014 -
.022 -

XVY

.712
.221
-136
.355

G
000
-000
-500

-0000
9977
7140
9977

-4418
.0138
-4348

OUTPUT
3 2 3
3 0 0
0 2 0
0 0 3

0.022 0.014 0.022
0.029 -0.003 -0.004
0.003 0.020 -0.003
0.004 -0.003 0.029

5.000 2.500
10.000 5.000
5.000 10.000

0
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5
Selection index

= Selection index from various sources of information
SAS CODE OUTPUT
/* Example 5.4 */ G
PROC IML; 2752 1376 1376
G = {2752 1376 1376, 1376 1376 0
1376 1376 0, 1376 0 2752
1376 0 2752};
P
P = {6400 1376 1376, 6400 1376 1376
1376 6400 0, 1376 6400 0
1376 0 6400}%}; 1376 0 6400
X = {900, X
800, 900
450} ; 800
450
mu = 720;
Va = 2752; MU VA
720 2752
gl = G[,11;
G1 Bl
bl = INV(P)*gl; 2752 0.3719
1376 0.1350
BV1 = b1 *(X-J(NROW(X),NCOL(X),Mu)); 1376  0.1350
ACC1 = SQRT(b1l *gl/Va);
BV1 ACC1
PRINT G, P; 41.2919 0.7120
PRINT X, mu Va;
PRINT gl b1[FORMAT=8.4];
PRINT BV1[FORMAT=8.4] ACC1[FORMAT=8.4];
QUIT;
= Multi-trait selection index
SAS CODE OQUTPUT
/* Example 5.6 */ G
PROC IML; 2752 62.06
P = {6400 -57.60, 62.06 15.55
-57.60 51.84};
G = {2752 62.06, P
62.06 15.55}%}; 6400 -57.6
-57.6 51.84
v = {1.5,
0.5};




mu = {720, X
80}; 750
90
x = {750,
90}; MU
720
b = INV(P)*G*v; 80
BV = b *(X-Mu); B
ACC = SQRT(b™*G*b/ (V™ *G*V)); 0.6741
2.6947
PRINT G, P;
PRINT X, mu; BV ACC
PRINT b[FORMAT=8_.4]; 47.1700 0.5026
PRINT BV[FORMAT=8.4] ACC[FORMAT=8.4];
QUIT;
= Selection index from sub-index
SAS CODE OUTPUT
/* Example 5.7 */ G
PROC IML; 2752 62.06
P = {6400 -57.60, 62.06 15.55
-57.60 51.84};
P
G = {2752 62.06, 6400 -57.6
62.06 15.55}%}; -57.6 51.84
g1 = G[L,11; G1
g2 = G[.21: 2752
62.06
vl = 1.5;
v2 = 0.5; G2
62.06
bl = INV(P)*gl; 15.55
b2 = INV(P)*g2;
Bl B2
b = vi*bl+v2*b2; 0.4452 0.0125
1.6918 0.3139
PRINT G, P;
PRINT g1, g2; B
PRINT b1[FORMAT=8.4] b2[FORMAT=8.4]; 0.6741
PRINT b[FORMAT=8.4]; 2.6947
QUIT;




/* Examp
PROC IML
P =

(@)
1

g2
zZero
Pr =
Gr

Pr
Gr[,2
Gr

<
1

vr =
vr[2,
vr =

mu

X
I

T T
=
I n

BV
ACC

PRINT
PRINT
PRINT
PRINT
PRINT

QUIT;

= Restricted selection index

SAS CODE

le 5.8 */
{6400 -57.60,
-57.60 51.84};

{2752  62.06,
62.06  15.55};

GL.21;
J(NROW(G),1,0);

P;
G;

(Prl192)/7(g27 1 1{0});
] =0;
(Gr]lzero)//(zero” | I{0});

{1.5,
0.5};
V3
1=0;
vr//{0};

{720,
80%};

{750,
90%};

INV(Pr)*Gr*vr;

= br[1:NROW(X),]:

b™*(X-Mu);
SQRT(b~*G*b/ (v *G*V));

G, P;

Gr, Pr;

X, mu, Vv;

br[FORMAT=8.4], b[FORMAT=8.4];
BV[FORMAT=8.4] ACC[FORMAT=8.4];

OUTPUT
G
2752 62.06
62.06 15.55
P
6400 -57.6
-57.6 51.84
GR
2752 0
62.06 0
0 o
PR
6400 -57.6
-57.6 51.84
62.06 15.55
X
750
90
MU
720
80
v
1.5
0.5
BR
0.4888
-1.9507
14.3002
B
0.4888
-1.9507
BV ACC

-4.8438 0.3084

62.06
15.55



SAS CODE

/* Example 5.12 */

Economic value by regression

DATA; Variable
INPUT id HCW BF MB income; HCW
CARDS; BF
165 1.2 30 50 MB
2 72 1.0 35 65
3 50 2.1 38 58
4 67 1.5 25 42
5 68 0.8 40 68
PROC REG;
MODEL income = HCW BF MB /NOINT;
RUN;

OUTPUT

Parameter Estimates

DF Estimate Std Error
1 0.154377 0.09444492
1 -4.816773 2.58432808
1 1.578920 0.20364426

0
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Sire model

/>
/* Sire Model

/*y =Xb +Zs + e

/* Written by Monchai Duangjinda

[ -
Data Description

* *

Data file:

ID sex sire wwt(kg)

4 M 1 245

5 F 2 229

6 F 1 239

7 M 3 235

8 M 2 250

Pedigree file:

sire ss ds

1 0 0

2 1 0

3 1 2

Where Vs = 10, Ve = 90, therefore alpha

In case h2 is known, alpha = (1-.25*h2)/.25*h2;

*. *

Start computing
* * -

OPTIONS PS=500 NODATE NONUMBER ;

%LET f1 = [FORMAT=2.0];
%LET f2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=8.4];
PROC IML;
X=4{10,
01,
01,
10,
1 0};
z={100,
010,
100,
001,
0 1 03};
y = {245,229,239,235,250};
A = {1.00 0.50 0.25,
0.50 1.00 0.50,
0.25 0.50 1.00};
Ai = Inv(A);

Vs = 10; Ve = 90;
alpha = Ve/Vs;

XPX = X7*X;

XPZ = X**Z;

ZPZ = Z7*Z;

ZP72 = Z~*Z+alpha#Ai;

lhs = (X™*X || X**Z )//
(Z™*X || Z"*Z+alpha#Ai );

rhs = X°*y // Z™*y;

sol = GINV(Ihs)*rhs;

*/
*/
*/
*/
*/



labell = "bl":"b2"; /* The levels for fix eff is 2 (sex) */
label2 = "s1":"s3"; /* The levels for sire eff is 3 */
label = labell || label2;

* *

Di = vecdiag(GINV(lhs)); /* Select digonal of lhs inverse */
PEV = Di#Ve; /* Prediction error variance */
1 = J(,1,1); /* Set unit vector with number of b+s */
Acc=J(5,1,.); /* Initialize accuracy */
Acc[3:5,] = SQRT(I[3:5,]-Di[3:5,]#alpha); /* BV Accuracy */
CC=INV(lIhs);
Print
* *

PRINT "Sire Model*®,,

XX XT*Z 1] [X7*y1°,
"[Zz°*X Z *Z+alpha#Ai][s] = [Z *y]";
PRINT X&f1, Z&f1; /* Print matrix using f1 format */

PRINT XPX&F1l,XPZ&F1,ZPZ&F1;

PRINT A&F2,Ai&F2,ZPZ28&F2;

PRINT Ihsé&f2; /* Print LHS */

PRINT rhsé&f2; /* Print RHS */

PRINT Vs Ve ALPHA;

PRINT sol&f3 [rowname=label] Di&f3 PEV&F3 ACC&F3;

PRINT CC&fF4; /* Print inverse of LHS */

QUIT;



Sire model (OUTPUT)

[X>*X X *Z
[2°*X Z~*Z+alpha#Ai][s] = [Z *y]

LHS
3.00
0.00
1.00
1.00
1.00

[eNeN
al
o

Sire Model
1Ib]
X
1 0
0 1
0 1
1 O
1 0
A
1 0 O
01 0
1 0 O
0 0 1
0O 1 0
XPX
3 0
0 2
XPZ
1 1 1
1 1 0
ZPZ
2 0 O
0 2 0
0O 0 1
0.50 0.
1.00 O.
0.50 1.
-0.67 O.
1.67 -0.
-0.67 1.
-6.00 O.
17.00 -6.
-6.00 13.
1.00 1.
1.00 1.
14.00 -6.
-6.00 17.
0.00 -6.
RHS
730.00
468.00
484 .00
479.00

235.00

[X™*y]l

1.00
0.00
0.00
-6.00
13.00



cC
0.4011
0.0693
-0.0651
-0.0735
-0.0648

VS VE

DI

243.317 0.401
233.678 0.582
0.543 0.107
0.100 0.108
-0.593 0.107

0.0693 -0.0651
0.5823 -0.0819
-0.0819 0.1065
-0.0826 0.0574
-0.0434 0.0315

ALPHA

PEV
36.103
52.403

9.586
9.702
9.673

-0.0735
-0.0826
0.0574
0.1078
0.0554

9

ACC

0.203
0.172
0.181

-0.0648
-0.0434
0.0315
0.0554
0.1075




7
Sire model with repeated records

[ -
/* Sire Model with Repeated records
/*y =Xb +Zs + Wp + e

/* Written by Monchai Duangjinda

[ -

* *

Data Description
*

*

Data file:
cow herd

-
-
@

act fat (%)

=
A
Iy

N
NNNNNRRRRRPRE
AWNNFPWONNRLWN R -
NNNRRPNNRRRRRO®
AhUONDMOODUODOO

Pedigree file:
sire
1
2
3

NP OW®W
n
oooQ
n

Where Vs = 5, Vpe = 15, Ve = 40 therefore alpha

*/
*/

*/
*/

= Ve/Vs, gamma = Ve/Vpe,

In case h2 and t are known, alpha = (1-t)/.25*h2, gamma=(1-t)/(t-.25*h2);

* *

Start computing
* * -

OPTIONS PS=500 NODATE NONUMBER;

%LET f1 = [FORMAT=2.0];

%LET f2 = [FORMAT=6.2];

%LET 3 = [FORMAT=8.3];

%LET f4 = [FORMAT=8.4];

PROC IML;
X = {1

OC0OO0O0OORRRRRE
RPRPRRPRPOOOOOOO
O0OO0OO0OFrROOOROOR
OO0ORROORRFROORO
OrROOOROOOR OO
BLPLLLLLLeLee

PRPPOORPRFRPOOOOO
[eNeololoNoloNoNoNoNoNoNe)

O0OORRFROORRRER
e



[eNoNololoNoNoNaoNoN i il o)
[eNoNolololoNol } NolNoNe]
QOO0 ORrRPFRPOOOOO
OQOORPPFPOOOOOOO
OFRPPFPOOOO0OO0OO0CO0OO0OO0
BoLLLLLLLLe2

= {5,6,4,5,8,9,4,7,6,5,4,4};
={1 .50 .25,

.50 1 .50,

.25 .50 13};

40;

i
5; Vpe = 15; Ve ;
Ve/Vpe;

Z7*W;

W™*W;
Z~*Z+alpha#Ai ;
W= *W+gamma#1 (6) ;

WPW
ZPZ2
WPW2

lhs = (X™*X || X~*Z I X*w )//
@ *X || Z *z+alpha#Ai || Z™*W )//
W™*X || w*z |1 W *W+gamma#1(6));

rhs = X™*y // Z°*y // W *y;
sol = GINV(Ihs)*rhs;
Set Label for printing
K * -
labell = "bl1":"b6"; /* The levels for fix eff is 6 (herd+lact) */
label2 = "sl1":"s3"; /* The levels for sire eff is 3 */
label3 = "pel”:"peb6~; /* The levels for PE eff from cow is 6 */
label = labell || label2 || label3;
Compute accuracy
K * -
Di = vecdiag(GINV(lIhs)); /* Select digonal of lhs inverse */
PEV = Di#Ve; /* Prediction error variance */
| = J(15,1,1); /* Set unit vector with number of b+s+pe */
Acc =3(15,1,.); /* Initialize accuracy */
Acc[7:9,] = SQRT(I[7:9,]-Di[7:9,]#alpha); /* BV Accuracy */
Acc[10:15,] = SQRT(I[10:15,]-Di[10:15, J#gamma) ; /* PE Accuracy */

CC=GINV(1hs);
C22=CC[7:9,7:9];
€33=CC[10:15,10:15];

* *
Print
* *;
PRINT "Repeatability Sire Model®,,
[XT*X XT*Z X*W 1[b 1 [X>*y1",
"[z7*X Z *Z+alpha#Ai Z~*W 1[s 1 =[Z2*1",
WTEX Wz W™ *W+gamma#1] [pe] [W>*y]*";
PRINT X&f1, z&f1, W&F1; /* Print matrix using f1 format */

PRINT XPX&F1,XPZ&F1,XPW&F1,ZPZ&F1,ZPW&F1 ,WPW&F1;

PRINT A&f2,Ai&F2,ZP72&F2 ,WPW2&F2;

PRINT Ihs&f2; /* Print LHS */

PRINT rhs&f2; /* Print RHS */

PRINT Vs Vpe Ve alpha gamma;

PRINT sol&f3 [rowname=label] Di&f3 PEV&F3 ACC&TF3;

PRINT C22&F4; /* Print inverse of LHS */

PRINT C33&f4; /* Print inverse of LHS */
QUIT;



[X™*y]l
[Z™*y]
W™ =y]

1[b ]
1s ]

W= *W+gamma#1] [pel

The SAS System
X™*W
Z™*W

Sire model with repeated records (OUTPUT)
Repeatability Sire Model

| |
[Z°*X Z *z+alpha#Ai

[X*X X *Z
W*X W *Z

[ejojojojojojojololoNal]

[cNeoR_NoloNoR_NoloNai_No)

OO0 O0Od+d100A—+100

00100010000

OCO0OO0O0O0O0OOddAdAAdA

XAddddd410O0O0OO0OO0O

[ejojojojojojojojoloNe R
OO0OO0OO0OO0O0O0O0OHAAO
[ejojeojojojojojojojoNoNa)

OCO0OO0O0O0O0OO0OA+HOOO
O000O0OHdHOOAAH

OO0OO0OO0OO0OdHOOOOO
NTdAdd—d—100dA+100O0

OO0O0O-Hd+HOOOOOOO

=Eddd00000000O0

O+HO0OO0O0Od

N—HOOMO

MANOWOOo

N—=IHMOOO

OW—N-A-

AN~NONMANO

[ejolojojoNe]

NMONN-

ANMMAO

O+dO0OO0OO0Od

ONO-HHAO

ONHdHOO

NOO-HHAO

NOHAH0OO

MO0



O -0

OoONO

NOO

OoONO

NOO

a Mmoo

[cNeoNoloNal}

OO O0OONO

OO ONOO

oOoNOOO

ONOOOO

o MOOOO0OOo

0.00
-0.67
1.33
0.00
-5.33

-5.33 10.67

-0.67

1.67
-0.67
-5.33

0.50
1.33
-0.67
0.00
7P72
17.67

-5.33 18.33
0.00

0.00
4.67
0.00
0.00
0.00
0.00

wPw2
5.67
0.00
0.00
0.00
0.00
0.00

LH

ejolojojojojolojlololoNoNeNo N
[ejojojojoojoloojoNoloNeNoNo]

O-d000+HO1000O0O0OO0OM
[ejolojojojojolojojolojoNol o N ®]
ejojojojojojolojojoNoloNo o]
ONOHA-"1O0OONOOOOOTO
Q0000000000 ONMN~NOO
[ejojojojoojolojojoNojoNcjoNo]
ON-—TId0O0ONOOOOOYTOO
Q0000000000000
[ejojojojoojolojojoNojcloNoNa]
NOO—H—1O0OONOOOITOOO
Q0000000000000
[ejojojojojojoloojojcjoloNoNa]
NOHA—+1HOONOOOTOOOO
Q0000000000000
[ejojojojojojoloojcJooNoNoNa]
MO—AdAd10MOONHOOOOO0O
Q000000 MMNOOOOOO
ooooooora.nu.oooooo
OCO0OO0OO0OO0O0OO0O I 4000000
Q00000 MMMOOOOOO
0000005.&_.3.000000
NMOANN-A I = 1 OONON-
Q0000 OMNMNMOOOOOO0OO
0000007.5.0000000
LNMMAOA 1 OMNONOO
[ejojojojojojolojololojoNoNoNe]
[ejojojojojojoloojoojoloNoNae]
O-d000—d10"100000O0O
Q0000000000000
[ejojojojojojojojojojojoloNoNo)
N—THOOMOANO—"1Od0+H0O
Q0000000000000
[ejojojojojojojojojojojoloNoNo]
MANOLOOMNO—TAAdA—A—d0O
Q0000000000000
[ejojojojojojojojojojojoloNoNo]
NTIHMOOOMOO—Ad10—-100
Q0000000000000

[2elelojojolojojojolojololojoNa]

OU—ETAN—"AANMOOOONN-
Q0000000000000
[ejojojojojojojojojojojoloNoNo]

MNOANMANOLNOMANNOOO

RHS
41.00
26.00
17.00

4.00
41.00
26.00

0.00
15.00
13.00
13.00
13.00

9.00

4.00

34.00
12.00



[eleNoNoNoNa]

C33
.2563
.0623
.0564
.0030
.0030
-0000

[eleNoNoNoNa]

.0623
.2740
.0387
.0105
.0105
-0000

.716
.160
.184
-309
.558
.824
.016
.016
.008
.380
.023
.357
.261
.261
.000

.0564
.0387
.2799 -
.0135
.0135
-0000

VPE
15

[eNoNoNoNoNoNoNoNol NoloNoNoNo}

0.0663
0.1212
0.0606

[eNoNoNoNoNe]

VE
40
DI
.317 12
.286 11
.374 14
.237 9
.361 14
.187 47
.121 4
.121 4
.124 4
.256 10
274 10
.280 11
.307 12
.307 12
.375 15
0.0331
0.0606
0.1241
.0030 -0
.0105 -0
.0135 O
.3066 O
.0684 O
.0000 -0

ALPHA GAMMA
8 2.6666667

PEV ACC
.691
.460
.951
.476
-459
.480 -
.848 0.174
.848 0.174
.962 0.087
.251 0.563
.959 0.519
.196 0.504
.265 0.427
.265 0.427
.000 0.000
.0030 0.0000
.0105 -0.0000
.0135 0.0000
.0684  0.0000
.3066 -0.0000
.0000 0.3750

IO







8
Animal model

/* ___________________________________ */
/* Animal Model */
/*y =Xb + Za + e */
/* Written by Monchai Duangjinda */
/* ___________________________________ */

Data Description
* *

Data file:

ID sex wt(kg)
4 M 2.5
5 F 2.9
6 F 3.1
7 M 2.5
8 M 2.9
Pedigree file:

anim S d

1 0 0

2 0 0

3 0 0

4 1 0

5 3 2

6 1 2

7 4 5

8 3 6

Where Va = 0.1 Ve = 0.3, therefore alpha = Ve/Va.
In case h2 is known, alpha = (1-h2)/h2;

* *

Start computing
* * -

OPTIONS PS=500 NODATE NONUMBER;

%LET f1 = [FORMAT=2.0];
%LET 2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=8.4];
PROC IML;
X ={10,
01,
01,
10,
1 0};
z={00010000,
00001000,
00000100,
00000010,
000000 O 1};
= {4.5,2.9,3.9,3.5,5.0};
A={1 0 0 .5 0 .5 .25 .25,
0 1 0 0O .5 .5 .25 .25,
0 0 1 0 .5 0 .25 .5,
5 0 0 1 0 .25 .5 .125,
0 .5 .5 0 1 .25 .5 .375,
.5 .5 0 .25 .25 1 .25 .5,
25 .25 .25 .5 5 .25 1 .25

25 .25 .5 .125 .375 .5 .25 1}:

z

1
=
<
)
>
v



XPX
XPzZ
Pz
ZPZ2

Di

PEV
1 =
Acc=J(
Acc[3:
CC=INV

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
QUIT;

XT*X;
X™*Z;
Z2°*Z;
Z~*Z+alpha#Ai;

XC*X || X°*zZ )//
(Z°*X || Z"*Z+alpha#Ai );
X>*y [/ Z™*y;
GINV(Ihs)*rhs;

= "bl":"b2"; /*
= "al":"a8"; /*
= labell || label2;
__________ *
e accuracy
vecdiag(GINV(1hs)); /%
Di#Ve; /*
J(10,1,1); /*
10,1,.); /*
10,1 = SQRT(1[3:10,]-Di[3:10,]#alpha); /*
(lhs);
.
“Animal Model*,,
TLXTEX S XT*Z 1[b1  [X7*y]1°,

"[z°*X Zz *z+alpha#Ail[a] = [Z *y]";
X&Ff1, Z&F1;
XPX&F1,XPZ&F1,ZPZ&F1;

/*

A&F2,Ai&F2,ZPZ2&F2;
1hs&f2; /*
rhs&f2; /*

Va Ve ALPHA;
sol&f3 [rowname=label] Di&f3 PEV&F3 ACC&F3;
CC&f4; /*

The levels for fix eff is 2 (sex) */
The levels for animal eff is 8 */

Select digonal of lhs inverse */
Prediction error variance */

Set unit vector with number of b+u */
Initialize accuracy */

BV Accuracy */

Print matrix using f1 format */

Print LHS */
Print RHS */

Print inverse of LHS */



[X"*y]l
[Z™*y]l

Animal Model
1Ib]

Animal model (QUTPUT)
The SAS System

[z™*X Z~*Z+alpha#Ai][a]

[X>*X X *Z

[eNoloNai| — O OCooocococod

[ejeolaoi_ No) — O [ejojooloNaoi o)

OO -HOOoO o - [efojoojol Nolo)

O-H+H0O0 O+400O0 o N o - OO0OO0OO0O-H00O0
X—"1O0O - —<1O0OO0O0O0 mnoo — O [eNoNoR_NoloNoNe]
ooooo o o [ejojojojojoloNe)

ooooo o o [ejojojojojoNoNe)

NOOOOO moo MOOOOOOOO

0.25
0.25
0.50
0.13
0.38
0.50
0.25
1.00
0.00
0.00
-1.00
0.00
0.00
-1.00
0.00
2.00
0.00
0.00
-3.00
0.00
0.00
-3.00
0.00
7.00

0.25
0.25
0.25
0.50
0.50
0.25
1.00
0.25
0.00
0.00
0.00
-1.00
-1.00
0.00
2.00
0.00
0.00
0.00
0.00
-3.00
-3.00
0.00
7.00
0.00

0.50
0.50
0.00
0.25
0.25
1.00
0.25
0.50
-1.00
-1.00
0.50
0.00
0.00
2.50
0.00
-1.00
-3.00
-3.00
1.50
0.00
0.00
8.50
0.00
-3.00

0.00
0.50
0.50
0.00
1.00
0.25
0.50
0.38
0.00
-1.00
-1.00
0.50
2.50
0.00
-1.00
0.00
0.00
-3.00
-3.00
1.50
8.50
0.00
-3.00
0.00

0.50
0.00
0.00
1.00
0.00
0.25
0.50
0.13
-0.67
0.00
0.00
1.83
0.50
0.00
-1.00
0.00
-2.00
0.00
0.00
6.50
1.50
0.00
-3.00
0.00

0.00
0.00
1.00
0.00
0.50
0.00
0.25
0.50
0.00
0.50
2.00
0.00
-1.00
0.50
0.00
-1.00
0.00
1.50
6.00
0.00
-3.00
1.50
0.00
-3.00

0.00
1.00
0.00
0.00
0.50
0.50
0.25
0.25
0.50
2.00
0.50
0.00
-1.00
-1.00
0.00
0.00
1.50
6.00
1.50
0.00
-3.00
-3.00
0.00
0.00

<0000 O0O0
ocoonmouw

docococoo

0.25
Al
1.83
0.50
0.00
-0.67
0.00
-1.00
0.00
0.00
ZPZ2
5.50
1.50
0.00
-2.00
0.00
-3.00
0.00
0.00



PRPOORFRPROOOOW

[eNoNoNoNoNoNoNa]

-3190
.0035
.0161
.1516
.0223
.1523
.0902
.0879

OORPFPOOOONO

Cc22

[eNoNoNoNoNoNoNe]

|
OOWONORrUIOO

.0035
.3295
.0052
.0100
.1604
.1645
.0810
.0762

[eNeoNoNoNoNoNoNe]

OO0OWWOoOrorOoOOo
o
o

.352
.402
.074
.013
.031
.008
.138
.134
.184
.137

.0161
.0052
.3118
.0239
.1426
.0111
.0836
.1507

VA

[eNeoNoNoNoNoNoNe]

WORPRWOORrROOO

[eNoNeoNoNoNoNoNoNoNo)

o
o
|

o
o
OWORrROOONOR

GQWWN,OOOO W
o
o

VE

DI
.508
.703
.319
-330
.312
.298
.298
.305
.305
.295

.1516
.0100
.0239
.2976
.0233
.0845
.1628
.0718

[eNeoNoNoNoNoNoNe]

[eNeoNeoNoNoNoNoNoNoNo)

OWOWFRWWOrOo

ALPHA

PEV
.153
.211
.096
-099
.094
.089
.089
.092
.091
.088

.0223
.1604
.1426
.0233
.2977
.1055
.1516
.1204

[eNeoNoNoNoNoNoNe]

[eNeoNoNoNoNoNoNe]

WOWOORFrRWWEKFRO
o
o

ACC

.207
.107
.254
.328
.327
.291
.292
.340

.1523
.1645
.0111
.0845
.1055
-3050
.0973
.1513

ONOWWOOoOOoOOor

[eNeoNoNoNoNoNoNe]

-0902
.0810
.0836
.1628
.1516
.0973
.3049
.1048

NOWOOWOoOOoOOoRr

[eNeoNoNoNoNoNoNe]

.0879
.0762
.1507
.0718
.1204
.1513
.1048
.2947

IO
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Animal model with repeated records

/* ___________________________________ */
/* Animal Model with Repeated records */
/*y =Xb + Za+ Wp + e */
/* Written by Monchai Duangjinda */
/> */

Data Description
* *

Data file:

cow lact hys mi 1k305 (kg)
4 1 1 4201
4 3 4280
5 1 1 3150
5 2 4 3200
6 1 2 2160
6 2 3 2190
7 1 1 4180
8 1 3 3250
8 2 2 4285
8 3 4 3300
Pedigree file:

anim s d

1 0 0

2 0 0

3 0 0

4 3 2

5 1 2

6 3 0

7 1 4

8 3 5

Where Va = 120000 Vpe = 100000 Ve
In case h2 and t are known, alpha

600000, therefore alpha = Ve/Va. gamma = Ve/Vpe,
(1-t)/h2, gamma = (1-t)/(t-h2);

*. *

Start computing
* * -

OPTIONS PS=500 NODATE NONUMBER;
%LET f1 = [FORMAT=2.0];
%LET 2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=8.4];

PROC IML;
X = {1

POOOOOOOOO

OCO0OO0ORrROOORrROR
RPOOOOORrOOO

SO P

OCO0OO0OO0ORrPLPROOOO OCOFrRORrOOORrOo
OO0OO0OFrOO0OO0OO0OO0OO0O
PRPPRPOOOOOOO

0O0OO00O0OO0ORrRFRPROO OFrROOOROOOO
(W

[eNeloNoNooNoNoNoNa] ORrPOORrRORrRORrO

[eeloNoNojoNoNoNoNa]

N

1

~
O0O0O0O0O000O0O0 OORrRPRORrRORO
[eNoNoNeoNoNoNeoNaN g

Z;
{4201,4280,3150,3200,2160,2190,4180,3250,4285,3300} ;

<
I



A={1 0 0O O .5 0 .5 .25,
0 1 0 .5 .5 0 .25 .25,
0 0 1 .5 0 .5 .25 .5,
0 .5 5 01 .25 .25 .5 .375,
.5 .5 0 .25 1 0 .375 .5,
0 0 5 .25 0O 1 .125 .25,
.5 .25 .25 .5 375 .125 1 .313,
.25 .25 .5 .375 .5 .25 .313 1};
Ai = inv(A);
Va = 120000; Vpe = 100000; Ve = 600000;
alpha = Ve/Va; gamma = Ve/Vpe;
MME Setup
* *;
XPX = X*X;
XPZ = X**Z;
XPW = XT*W;
ZPZ = Z7*Z;
ZPW = Z7*W;
WPW = W™*W;
ZPZ2 = Z~*Z+alpha#Ai;
WPW2 = W™*W+gamma#l(8);
lhs = (X™*X || X**Z I X**w )//
(Z™*X || Z>*Z+alpha#Al || Z°*W )//
WX || w*z 11 W *W+gamma#1(8));
rhs = X**y // Z°*y // W *y;
sol = GINV(Ihs)*rhs;
K *
Set Label for printing
labell = "bl":"b7"; /* The levels for fix eff is 7 (herd+lact) */
label2 = "al":"a8"; /* The levels for animal eff is 8 */
label3 = "pel”:"pe8-; /* The levels for PE eff is 8 */
label = labell || label2 |] label3;
K *
Compute accuracy
Di = vecdiag(GINV(lhs)); /* Select digonal of lhs inverse */
PEV = Di#Ve; /* Prediction error variance */
1 = J(23,1,1); /* Set unit vector with number of b+u+pe */
Acc=J(23,1,.); /* Initialize accuracy */
Acc[8:15,] = SQRT(I[8:15,]-Di[8:15,]#alpha); /* BV Accuracy */
Acc[16:23,] = SQRT(1[16:23,]-Di[16:23,]#gamma) ; /* PE Accuracy */
CC=GINV(lhs);
C22=CC[8:15,8:15];
C33=CC[16:23,16:23];
Print
* *
PRINT “Repeatability Animal Model*,,
TLXTEX X7z X™*W 1b 1 [X7*y]1°,
"[z°*X Z *Z+alpha#Ai Z~*W a1 = [Z27*v]",
"[WTEX Wz W= *W+gamma#1] [pe] [W™*y]1*;
PRINT X&f1, z&Ff1, W&F1; /* Print matrix using f1 format */

PRINT XPX&F1,XPZ&F1,XPW&F1,ZPZ&F1,ZPW&F1,WPW&F1;

PRINT A&F3,Ai1&F3,ZPZ2&F2 ,WPW2&F2;

PRINT 1hs&f2; /* Print LHS */

PRINT rhs&f2; /* Print RHS */

PRINT Va Vpe Ve alpha gamma;

PRINT sol&f3 [rowname=label] Di&Ff3 PEV&TF3 ACC&T3;

PRINT C22&F4; /* Print inverse of LHS */
PRINT C33&f4; /* Print inverse of LHS */

QUIT;



Animal model with repeated records (OUTPUT)

The SAS System
Repeatability Animal Model
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[eNoNoNoNoNoNoN 4
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OONOOOOO
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OONOOOOO
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-500
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.250
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.500
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.000
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QO0OWOOWOOo
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.000
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.000
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ONOOOOO0OO0o

el NeoNoNoNoNoNe]

ONOOFrROOR
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POOOOOOO
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[eNeNoNoNoloNoNe]

[eNeNeoNoNoNoNoNo)

C22

.1934
.0003
.0037
.0062
-0929
.0058
.0971
.0451

C33

.1667
.0000
.0000
.0000
.0000
.0000
.0000
.0000

[eNeNeoNoNoNoloNo)

| |
[eNeNoNoNoloNoNe]

VA
120000

SOL
bl
b2
b3
b4
b5
b6
b7
al
a2
a3
a4
a5
a6
a7
a8
pel
pe2
pe3
pe4
pe5
pe6
pe7
pe8

.0003
.1948
.0003
.0945
.0954
.0071
.0498
.0465

.0000
.1667
.0000
.0000
.0000
.0000
.0000
.0000

1
2
2
2
1
1

[eNeNeoloNoNoloNo)

|
[eNeNoNoNoloNoNe]

VPE
100000

473.331
275.783
095.488
245.156
425.901
193.353
980.193
14.744
74.842
36.203
145.716
29.442
170.583
110.398
104.652
0.000
0.000
0.000
125.243
-85.418
209.650
50.159
119.666

.0037
.0003
.1961
.0949
.0056
.0979
.0494
.1004

.0000
.0000
.1667
.0000
.0000
.0000
.0000
.0000

[eNoNoNoNoNoNoNa]

[eNoNoNoNoNoNoNa]

RHS
16941
13955

3300.0
11531
6445.0
9720.0
6500.0
0.00
0.00
0.00
8481.0
6350.0
4350.0
4180.0
10835
0.00
0.00
0.00
8481.0
6350.0
4350.0
4180.0
10835

6000

DI
.486
.328
.741
.760
.642
473
.830
.193
.195
.196
.184
.185
.183
.191
.185
.167
.167
.167
.143
.152
.147
.152
.146

eNoNololoNooNooloNooNocNoNoNoloNoNoNol NoNo)

.0062
.0945
.0949
.1841
.0555
.0540
.0962
.0762

.0000
.0000
.0000
.1429
.0059
.0057
.0069
.0054

VE ALPHA
00 5
PEV ACC

291630.4

196662.3

1044687
455980.3
385395.2
284064.9
498225.2 B
116022.7 0.182
116896.5 0.161
117680.5 0.139
110460.7 0.282
110753.9 0.278
109624.3 0.294
114349.7 0.217
110767.8 0.277
100000.0 0.000
100000.0 0.000
100000.0 0.000
85711.66 0.378
91484.31 0.292
88001.13 0.346
91204.65 0.297
87694 .37 0.351
0.0929 0.0058
0.0954 0.0071
0.0056  0.0979
0.0555  0.0540
0.1846  0.0120
0.0120 0.1827
0.0766  0.0303
0.0896  0.0622
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0059 0.0057
0.1525 -0.0000
0.0000 0.1467
0.0071  0.0005
0.0012 0.0138

[eNoNoNoNoNoNoNa]

[eNoNoNoNoNoNoNe]

GAMMA

6

.0971
.0498
.0494
.0962
.0766
.0303
.1906
.0621

.0000
.0000
.0000
.0069
.0071
.0005
.1520
.0001

[eNoNoNoNoNoNoNa)

[eNoNoNoNoNoNoNe]

.0451
.0465
.1004
.0762
.0896
.0622
.0621
.1846

.0000
-0000
.0000
.0054
.0012
.0138
.0001
.1462

i0







10
Animal model with genetic groups

Y
/* Animal Model with Genetic Groups
/*y =Xb + Za + ZQg + e

/* Written by Monchai Duangjinda

*/
*/

*/
*/

Assign unknown sires and dam with unrelated phantom

/o
Data Description
Data file:

ID sex adg(9)

4 M 845

5 F 629

6 F 639

7 M 735

8 M 850
Pedigree file:

anim S d

1 0 0

2 0 0

3 0 0

4 1 0

5 3 2

6 1 2

7 4 5

8 3 6

parents.

an S d

1 pl p2

2 p3 p4

3 p5 p6

4 1 p7

5 3 2

6 1 2

7 4 5

8 3 6

Let assign the simple grouping with the asumption that
unknown sire and dam are from different groups, therfore:

pl,p3,p5
p2,p4,p6,

Where Va

In case h2 is known, alpha

*

are in groupl
p7 are in group2.

= 200 Ve = 400, therefore alpha

*

Start co
*

mputing

OPTIONS PS=500 NODATE NONUMBER;

%LET f1
%LET 2
%LET 3
%LET f4

PROC IML;
X = {1

PP OO
OQORrPFrO

[FORMAT=2.0];
[FORMAT=6.2];
[FORMAT=8_.3];
[FORMAT=8_4];

[eNeoNoNoNe]
[eNeoNoNoNe]
[eNeoNeoNeN 0l
[eNeoNeoh Ne)
[eNeol —NeoNe)
(el NoNoNe]
RPOOOO

U

Ve/Va.



y
A

Va
al

*

= {845,629,639,735,850};
= {1 0 0 .5 0 .5 .25 .25,
0O 1 0 oO 5 .5 .25 .25,
O 0O 1 o .5 0 .25 .5,
.5 0 0 1 0 .25 .5 .125,
0 .5 .5 0 1 .25 .5 .375,
.5 .5 0 .25 .25 1 .25 .5,
.25 .25 .25 .5 -5 .25 1 .25,
.25 .25 .5 .125 .375 .5 .25 1};
= inv(A);
Q is defined from relating animal to genetic group */
={.5 .5,
.5 .5,
.5 .5,
.25 .75,
.5 .5,
.5 .5,
.375 .625,
.5 .5};
= 200; Ve = 400;
pha = Ve/Va;
_________ *
MME Setup
XPX = X™*X;
XPz = X~*Z;
ZPZ = Z~*Z;
ZPZ2 = Z~*Z+alpha#Ai;
XPZQ = X *Z*Q;
ZPZQ = Z7*Z*Q;
QPZPZQ = Q™ *Z~*Z*Q;
lhs = (X™*X |l X**z |l X™*Z2*Q )//
(Z™*X |1 Z~*Z+alpha#Ai || Z2°*Z*Q )//
Q2 |1 Q*2°*Z I Q2 20);

rhs = X°*y // Z°*y // Q" *Z"*y;
lhs[1:12,11]=0; /* Set genetic groupl to zero */
lhs[11,1:12]=0;

rhs[11,]=0;
sol = GINV(Ihs)*rhs;

labell = "bl":"b2"; /* The levels for fix eff is 2 (sex) */
label2 = "al":"a8"; /* The levels for animal eff is 8 */

label3 = "gl®:"g2-; /* The levels for genetic group eff is 2 */
label = labell || label2 || label3;

Di = vecdiag(GINV(lIhs)); /* Select digonal of lhs inverse */

PEV = Di#Ve; /* Prediction error variance */

| =J(12,1,1); /* Set unit vector with number of b+g+u */
Acc = J(12,1,.); /* Initialize accuracy */

Acc[3:10,] = SQRT(I1[3:10,]-Di[3:10,]#alpha); /* BV Accuracy */

CC=GINV(Ihs);
C22=CC[3:10,3:10];

= sol[3:10,]; /* Select BV for true animals */
gr = sol[11:12,]; /* Select group estimates */



BVG = BV+Q*gr; /* Compute BV based on groups */
BVG = J(2,1,.)//BVG//3(2,1,.); /* Add missing for fix and gr */
* *
Print
PRINT 'Aﬁimal Model with Genetic Groups®,,
"[X™X X"z X"zQ J[bl Xy 17,
"[Zz°X Z Z+alpha#tAi Z2°2Q ]Q[al = [Z2y 1°,
"[°Z°X QZ°z Q°Z7ZQllal = [Q°Z7y1";
PRINT X&f1,z&F1,Q; /* Print matrix using f1 format */

PRINT XPX&F1,XPZ&Ff1l,ZPZ&F1,XPZQ&F1,QPZPZQ&F2;

PRINT A&F3,Ai&F3,ZPZ2&F3;

PRINT rhs&f2;

PRINT Va Ve ALPHA;

PRINT sol&f3 [rowname=label] BVG&F3 Di&f3 PEV&TF3 ACC&T3;

PRINT C22&fF4; /* Print inverse of LHS */
QUIT;



Animal model with genetic groups (OUTPUT)

[eNoNoNoNoNoNoN

.000
.000
.000
.500
.000
-500
.250
.250

[eNoNoNoNoNol Ne

XX
[Z°X
[Q°z°

.000
.000
.000
.000
.500
-500
.250
.250

X

[eNoNoNoNol NoNe]

X~z X~zQ 7][b]
Z Z+alpha#tAi  Z2°ZQ 1[a]
Qzz (OQwAvAe] | [+]
X
1 0
0 1
0 1
1 0
1 0
z
0O 0 01 0 O O
0 0 00O 1 0O
0 0 OO 010
0O 0 00 0 0 1
0O 0O 0 OO O O
Q
0.5 0.5
0.5 0.5
0.5 0.5
0.25 0.75
0.5 0.5
0.5 0.5
0.375 0.625
0.5 0.5
XPX
3 0
0 2
XPz
0 0 01 0 0 1
0 0 00O 1 10
Pz
0O 0O 0 OO 0O O
0 0 00O 0 OO
0O 0 00O 0 0O
0O 0 0O1 0 0O
0O 0O 0 O1 0 O
0 0 00O 010
0O 0 00 0 0 1
0O 0 00O 0 0O
XPZQ
1 2
1 1
ZPZQ
0.000 0.000
0.000 0.000
0.000 0.000
0.250 0.750
0.500 0.500
0.500 0.500
0.375 0.625
0.500 0.500
QPZPZQ
0.953 1.172
1.172 1.703
.000 0.500 0.000
.000 0.000 0.500
.000 0.000 0.500
.000 1.000 0.000
-500 0.000 1.000
.000 0.250 0.250
.250 0.500 0.500
.500 0.125 0.375

The SAS System
Animal Model with Genetic Groups

POOOO

(@ o

POOOOOOO

[eNeol NeoNoNoNoNe]

X’y 1
[y 1

.500
-500
.000
-250
.250
.000
.250
-500

el NeoNeoNoNoNoNe]

.250
-250
.250
.500
.500
-250
.000
-250

POOOOOOO

.250
-250
.500
.125
.375
-500
.250
.000



OORrRPOOOOPR

OONOROPRPW

Al
.833
500
.000
.667
.000
.000
000
-000

ZPZ2
.667
.000
-000
.333
.000
.000
-000
.000

OORPFLPOONO

|
OOMNNOR MR

SOL

b2
al
a2
a3
a4
a5
a6
a7
a8
gl
g2

.500
.000
-500
-000
.000
.000
-000
-000

.000
-000
-000
.000
.000
.000
-000
.000

806.
631.

POORFRONOO

NOFRNOMRFRO

339
854

.429
.696
.267
.715
.840

296
347

174
.000
.836

.000

500

.000
.000
.000
.500

000

.000

.000
.000
.000
.000
.000
.000
.000
.000

I
ORPOOFrOO0OO

ONORFrRrPMOOR

VA

0 wwoaEF o

200

BVG

.347
.222
.185
.092
.922
.214
12.
.092

200

.667
.000
.000
.833
.500
.000
.000
.000

850

=
o

=
N

N

[ NeoNeoNoNoNoNoNoNoNa)

VE
400

DI

.309
.908
.476
.498
477
.494
.440
.448
.446
.486
.000
.834 1833

.000
.000
.000
-500
.500
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000

11
PNDN

.000
.000
.500
.000
.000
.500
.000
.000

.000
.000
.000

0.000

NOOO

ALPHA

2

PEV
.359
.311
.052
.917
.083
.763
.616
.932
.834
.459
.000
.367

.000
.000
.000
.000

[eNeoNoNoNoNoNoNa]

I
ONORPFPOOO

|
OUIONNOOO

ACC

.218
.064

214

.109
.345
.322
.329
.165

.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
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Animal model with genetic groups (QP-Transformation)

/* ___________________________________ */

/* Animal Model with Genetic Groups */

/* (QP Transformation) */

/*y =Xb + Za + ZQg + e */

/* Written by Monchai Duangjinda */

/* ___________________________________ */
Data Description

* *

Data file:

1D sex adg(9)

4 M 845

5 F 629

6 F 639

7 M 735

8 M 850

Pedigree file:

anim S d

1 0 0

2 0 0

3 0 0

4 1 0

5 3 2

6 1 2

7 4 5

8 3 6

Assign unknown sires and dam with unrelated phantom

parents.

an S d

1 pl p2

2 p3 p4

3 p5 p6

4 1 p7

5 3 2

6 1 2

7 4 5

8 3 6

Let assign the simple grouping with the asumption that
unknown sire and dam are from different groups, therfore:
pl,p3,p5 are in groupl

p2,p4,p6,p7 are in group2.

Where Va = 200 Ve = 400, therefore alpha = Ve/Va.
In case h2 is known, alpha = (1-h2)/h2;

* *

Start computing
* * -

OPTIONS PS=500 NODATE NONUMBER;

%LET f1 = [FORMAT=2.0];
%LET f2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=8.4];
PROC IML;
X ={10,
01,
01,
10,
1 03};
z={00010000,
00001000,
00000100,



00000010,
000O0O0O O 1};
y = {845,629,639,735,850};
A={1 0 0 .5 0 .5 .25 .25,
0O 1 0 O 5 .5 .25 .25,
0O 0O 1 o .5 0 .25 .5,
5 0 0 1 0 .25 .5 .125,
0O .5 .5 0 1 .25 .5 .375,
.5 .5 0 .25 .25 1 .25 .5,
25 .25 .25 .5 .5 .25 1 .25,
.25 .25 .5 .125 .375 .5 .25 1};
Ai = inv(A);
/* Q is defined from relating animal to genetic group */
Q =4{.5 .5,
.5 -5,
.5 .5,
.25 .75,
.5 .5,
.5 -5,
.375 .625,
.5 .5};
Aill = Ai;
Ail2 = -Ai*Q;
Ai21 = Ail27;
Ai22 = Q *AI*Q;
Va = 200; Ve = 400;
alpha = Ve/Va;
MME Setup
* *’
XPX = X™*X;
XPZ = X™*Z;
ZPZ = Z°*Z;
ZPz2 = Z~*Z+alpha#Aill;
ZERO =J(2,2,0); /* Create zero matrix for lhs relate to groups */
/* row=2 levels for fix, col= 2 levels for groups */
lhs = (X™*X || X™*Z Il ZERO )//
@ *X || Zz*z+alpha#Aill || alpha#Ail2)//
(ZERO™ || alpha#Ai2l |1 alpha#Ai22);
lhs[11,1:12]=0; /* Set genetic group 1 mean to zero */
lhs[1:12,11]=0;
rhs = X°*y // Z2°*y // J3(2,1,0); /* Add zero value for 2 groups for RHS */
sol = GINV(lhs)*rhs;

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
QUIT;

"bl":"bh2";
"al":"a8";
"glT:"g2-;
labell || label2 || 1al

*

"Animal Model with Geneti
"(Alternative Method)",,
"[X™X Xz

"[Z°X Z~Z+alpha#Aill
"[O alpha#Ai21
"where Aill=inv(A), Ail2=

X&F1,2&F1,Q;
XPX&F1,XPZ&F1,ZPZ&F1;
A&F3,A1&F3,A111&F3,A112&F
rhs&f2, Ihs&f2;

Va Ve ALPHA;

sol&f3 [rowname=label];

/* The levels for fix eff is 2 (sex) */

/* The levels for animal eff is 8 */

/* The levels for genetic group eff is 2 */
bel3;

c Groups*®,

0 1]  [X7v1",
alpha#Ail2][a] = [Z°v]".
alpha#Ai22][g]l = [0 ]",.

-Ai11*Q, Ai22=Q *Aill*Q";
/* Print matrix using f1 format */

3,A122&F3,7ZPZ2&F3;



= Genetic groups by QP transformation (OUTPUT)

The SAS System

Animal Model with Genetic Groups
(Alternative Method)

[X"X Xz 0 b1  [X°yl
[Z2™X Z~Z+alpha#Aill alpha#Ail2][a]l = [Z vyl
[0 alpha#Ai2l alpha#Ai22][g]l = [0 1]

where Aill=inv(A), Ail2=-Aill1*Q, Ai22=Q *Aill*Q

X
1 0
0 1
0 1
1 0
1 0
z
0 0 01 0 0 0 O
0 0 0 01 0 0 O
0 0 0 0 01 0 O
0 0 0 0 0 O0 1 o0
0 0 0 0O 0 0 0 1
Q
0.5 0.5
0.5 0.5
0.5 0.5
0.25 0.75
0.5 0.5
0.5 0.5
0.375 0.625
0.5 0.5
XPX
3 0
0 2
XPZ
0 0 01 0 0 1 1
0 0 0 0 1 1 0O
ZPZ
0 0 0 0 0O O OO
0 0 0 0 0 00O
0 0 0 0 0 0 0O
0 0 01 0 0 0O
0 0 0 01 0 0 O
0 0 0 0 01 0O
0 0 0 0 0 0 1 o0
0O 0 0 0 0 0 0 1
A
1.000 0.000 0.000 0.500 0.000 0.500
0.000 1.000 0.000 0.000 0.500 0.500
0.000 0.000 1.000 0.000 0.500 0.000
0.500 0.000 0.000 1.000 0.000 0.250
0.000 0.500 0.500 0.000 1.000 0.250
0.500 0.500 0.000 0.250 0.250 1.000
0.250 0.250 0.250 0.500 0.500 0.250
0.250 0.250 0.500 0.125 0.375 0.500
Alll
1.833 0.500 0.000 -0.667 0.000 -1.000
0.500 2.000 0.500 0.000 -1.000 -1.000
0.000 0.500 2.000 0.000 -1.000 0.500
-0.667 0.000 0.000 1.833 0.500 0.000
0.000 -1.000 -1.000 0.500 2.500 0.000
-1.000 -1.000 0.500 0.000 0.000 2.500
0.000 0.000 0.000 -1.000 -1.000 0.000
0.000 0.000 -1.000 0.000 0.000 -1.000

ONORrRPFPOOO

el NeoloNoNoNoNa]

.250
.250
.250
.500
.500
.250
.000
.250

.000
.000
.000
.000
.000
.000
.000
.000

POOOOOOO

NOFRPOORrROO

.250
.250
.500
.125
.375
-500
.250
.000

.000
.000
.000
.000
.000
.000
.000
.000



OORRFPOOFRPROOOOW

OONORFRPRORPW

ZPZ2
.667
.000
.000
.333
.000
.000
.000
.000

OO0OO0OORPFRPROOOONO
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o
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[eNeoNoNoNoNoNoNa]
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.000
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.500
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.000
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.000
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Sire-mgs model

/* _______________________________ */
/* Sire-Maternal Grandsire Model */
/*y = Xb + Zs + Mmgs + e */
/* Written by Monchai Duangjinda */
/> */
* *

Data Description

* *

Data file:

calf sex parity sire dam mgs bw (kg)
11 1 1 1 4 0 35

12 2 2 1 4 0 20

13 2 1 1 5 0 25

14 1 1 2 6 1 40

15 2 2 3 6 2 42

16 2 3 3 6 2 22

Pedigree file:
anim S mgs (sire of dam)
1 0
2 1
3 2
11 1
12 1
13 1
14 2
15 3
3

16

NNPFPF OOOPRr OO

Selected Pedigree file (Only related sire and mgs are required):

anim s mgs (sire of dam)
1 0 0
2 1 0
3 2 1

Where Vs = 5, Vmgs = 2,Cov(s,mgs) = 1, Vpe = 12 Ve = 40,
In case h2, c2, m2, are known, the model variance becomes:
Vs = 1/4*h2, Vmgs = 1/16*h2 + 1/4*m2 + 1/4*Cov(a,m),

Vpe = 3/16*h2 + 3/4*m2 + 3/4*Cov(a,m) + c2,

Ve = 1/2*h2 + e2

where Cov(a,m) and e2 are proportional to total variance;

* *

Start computing

* * -
B

OPTIONS PS=500 NODATE NONUMBER;
%LET f1 = [FORMAT=2.0];

%LET f2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=8.4];



PROC 1M
X = {
z={
M= {
y=+1
A=

Gi =
alpha
alpha
alpha
alpha
alpha

XPX
XPzZ
XPM
ZPZ
ZPM
MPM

ZPZ
ZPM
MPM

Ihs

rhs
sol

L:
1

O oOpr OO
R R OR RO
OFr OO0OFrOo
P O OOOO
- .

1

O OO r P
O oOr OO0OO0o

0

O oOr oo
P P OOOO

35,20,25,40,42,22}%;

1 0.5 0.5,
0.5 1 0.625,
0.5 0.625 1};

inv(A);

4; Vmgs = 2; Vsmgs =
(Vs |l Vsmgs)//
(Vsmgs || Vmgs );
INV(G);

= Ve#Gi;
11 = alpha[l,1];
12 = alpha[1,2];
21 = alphal2;
22 = alphal[2,2];

4;

= X *X;
= X™*Z;
= X *M;
= 2°*Z;
= Z2°*M;
= M *M;

2
2
2

Z~*Z+alphall#Ai;
Z~*M+alphal2#Ai ;
M~ *M+alpha22#Ai ;

C*X ] X*2
(Z *X || 2 *z+alphall#Ai
M *X || M *Z+alpha21#Ai

X>*y [/ Z°*y // M *y;
GINV(Ihs)*rhs;

Ve = 40;

Il X**M
11 Z"*M+alphal2#Ai
11 M™*M+alpha22#Ai

Y/
Y/



labell = "bl1":"b5"; /* The levels for fix eff is 5 (sex+parity) */
label2 = "sl1":"s3"; /* The levels for sire eff is 3 */
label3 = "mgsl®:"mgs3-”; /* The levels for mgs eff is 3 */

label = labell || label2 || label3;

Di = vecdiag(GINV(lhs)); /* Select digonal of lhs inverse */

PEV = Di#Ve; /* Prediction error variance */

| =J(11,1,1); /* Set unit vector with number of b+u+m+pe */
Acc = J(11,1,.); /* Initialize accuracy */
Acc[6:8,] = SQRT(I[6:8,]-Di[6:8,]#(Ve/Vs)); /* BV Accuracy for sire*/
Acc[9:11,] = SQRT(I[9:11,]1-Di[9:11,]#(Ve/Vmgs)); /* Maternal grandsire Accuracy */

CC=GINV(Ihs);

PRINT *Sire-Maternal Grandsire Model*",,
XTFX XT*Z XM 1lb 1 [X7*v1°,
"[Zz*X Z *Z+alphall#Ai Z *M+alphal2 J[u ] = [Z *Y]",
"[MT*X M *Z+alpha2l#Ai M *M+alpha22 J[m ] M~ *y]*";

PRINT X&Ff1, Z&F1l, M&F1; /* Print matrix using f1 format */
PRINT XPX&F1l,XPZ&F1,XPM&F1l,ZPZ&F1,ZPM&F1 ,MPM&F1;
PRINT A&F2,Ai&F2,ZPZ2&F2,ZPM2&F2 ,MPM2&F2;
PRINT rhs&f2;
PRINT G Ve,
Gi&f2 alpha&f2 alphall&f2 alphal2&f2 alpha22&f2;
PRINT sol&f3 [rowname=label] Di&f3 PEV&F3 ACC&T3;
PRINT CC&f4; /* Print inverse of LHS */
QUIT;



Sire-MGS model (OUTPUT)

The SAS System

Grandsire Model

X*M

Sire-Maternal

1[b 1 [X*y]
= [Z27*y]
M *y]

Z>*M+alphal2 7J[u ]
M>*M+alpha22 J[m ]

[Z2>*X Z *z+alphall#Ai
[M*X M *Z+alpha21#Ai

[X>*X X *Z

OO0OO0OO0OO-

O-+d00+HAO0O

O d+40O0

O " O A«

X=HO0OO+H0O

OO0OO0OO - [eNeojolojole)

[eNoNoR ol o] OCO0OO0OOdAd

NeHdAd+100O =000+ 0O0

O—=10O0-
ONONO
N—=MOO
O N

O NONOO

ONO -
— OO0

N—=NN—O
o

O 40400

Al



cC

.8386
-1969
.3249
.4139
.5527
.0782
.0958
.0822
.0535
.0737
.0649

.1969
.2789
.1749
.1060
.0132
.0538
.0492
.0538
.0530
.0382
.0482

1.44 -0.44 -O.
-0.44 1.78 -O.
-0.44 -0.89 1
ZPZ2
-11.44 4.44 4
4.44 -16.78 8.
4.44 8.89 -15.
ZPM2
28.89 -8.89 -8.
-7.89 35.56 -17.
-8.89 -15.78 35.
MPM2
-27.89 8.89 8
8.89 -33.56 17.
8.89 17.78 -35.
RHS
75.00
109.00
100.00
62.00
22.00
80.00
40.00
64.00
40.00
64 .00
0.00
G
4 4
4 2
Gl ALPHA
-0.25 0.50 -10.00 20.00
0.50 -0.50 20.00 -20.00
SOL DI
bl 24569 0.839 33
b2 12.558 0.279 11
b3 12.342 0.470 18
b4 17.376 0.569 22
b5 7.410 0.947 37
sl 0.101 0.099 3
s2 1.330 0.090 3
s3 1.255 0.093 3
mgsl -0.251 0.050 1
mgs2 0.778 0.046 1
mgs3 0.891 0.046 1
-0.3249 0.4139 0.5527 -0.0782
0.1749 -0.1060 0.0132 -0.0538
0.4701 -0.2500 -0.3701 -0.0450
-0.2500 0.5693 -0.0114 -0.0440
-0.3701 -0.0114 0.9474 -0.0430
-0.0450 -0.0440 -0.0430 0.0988
0.0015 -0.0483 -0.0982 0.0477
0.0053 -0.0453 -0.0959 0.0486
-0.0470 -0.0355 -0.0240 0.1000
-0.0100 -0.0373 -0.0646 0.0482
-0.0010 -0.0377 -0.0744 0.0492

44

.78

.44

78

89

56

-89

56

VE
40

ALPHA11l ALPHA12 ALPHA22

-10.00

PEV

-0.
-0.
.0015
-0.
-0.
.0477
.0897
.0540
.0512
.0934
.0567

[eNoNoNoNoNo)

.546
.157
.805
772
.895
.951
.589
.702
.988
.825
.856

0958
0492

0483
0982

20.00

ACC

eNoNoNoNoNo)

-0.
-0.
.0053
.0453
-0.
.0486
.0540
.0925
.0513
.0572
.0948

[eNoNoNoNoNo)

2111
.321
.273
.076
.295
.269

0822
0538

0959

-20.00

.0535
.0530
.0470
.0355
.0240
.1000
.0512
.0513
.0497
.0257
.0259

.0737
.0382
.0100
.0373
.0646
.0482
.0934
.0572
.0257
.0456
.0277

.0649
.0482
.0010
.0377
.0744
.0492
.0567
.0948
.0259
.0277
.0464

i0







13
Animal model with maternal effects

/* _________________________________________ */
/* Animal Model with Maternal and PE effects */
/*y =Xb +Za + Mmn + Wp + e */
/* Written by Monchai Duangjinda */
/e */
* *
Data Description
Data file:
calf dam hys sex ww205 (kg)
5 2 1 2 235
6 2 1 2 220
7 6 1 2 225
8 5 1 1 240
9 6 2 1 242
10 2 2 2 222
Pedigree file:
anim S d
1 0 0
2 0 0
3 0 0
4 0 0
5 1 2
6 3 2
7 4 6
8 3 5
9 1 6
10 3 2

Where Va = 150 Vm = 90 Vam = -40 Vpe = 40 Ve = 350;

* *

Start computing
* * -

OPTIONS PS=500 NODATE NONUMBER;
%LET f1 = [FORMAT=2.0];
%LET f2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=8.4];

PROC IML;
X = {1

RrRPOOOO
orrROOO
RPOORERR

oCOoORRE
W u w ow o

[eNoloNoNoNe)
[eNololoNoNe)
[eNeoloNoNoNe)
[eNeoloNoNoNe)
[cNoloNoNoN
[eNeoloNol Ne)
ool NoNe)
ool NeoNoNe)
(ol _NeoloNoNe)
poeooe

[eNoNoNoNoNe)
POOOREF
[eNoNoNoNoNe)
[eNoNoNoNoNe)
[cNeol NeolNoNe)
OrOPFrOoOOo
[eNeoNoNoNoNe)
[eNeoNoNoNoNe)
[eNoNoNoNoNe)
Soeoop

[Swriy



[eNoloNoNoNe]
RPOOORPF
[eNoloNoNoNe]
[eNeoloNoNoNe]
[Nl NeoNoNe]
OrOFrOoOOo
[eNoloNoNoNe]
[eNeoloNoNoNe]
[eNoloNoNoNe]
[eNeoloNoNoNe]

[Sor T

y = {235,220,225,240,242,222};

A={1r O O 0.5 0] 0] .25 .5 0,
0O 1 0 0.5 .5 .25 .25 .25 .5,
0O 0O 1 0O .5 25 .5 25 .5,
0O 0O O 1 0 0 5 0 0 0,
.5 5 0 01 .25 .125 .5 .375 .25,
0 .5 .5 0.2 1 .5 .375 .5 .5,
0 .25 .25 .5 .125 .5 1 .188 .25 .25,
.25 .25 .5 0 .5 .375 .188 1 .313 .375,
.5 .25 .25 0 .375 .5 .25 .313 1 25,
0O .5 .5 0.25 .5 .25 .375 .25 1};
Al = inv(A);
Va = 150; Vm = 90; Vam = -40; Vpe = 40; Ve = 350;
G = (va || vam)//
(Vvam || vm);
Gi = INV(G);
alpha = Ve#Gi;
alphall = alpha[1,1];
alphal2 = alpha[1,2];
alpha2l = alphal2;
alpha22 = alpha[2,2];
gamma = Ve/Vpe;
MME Setup
* *;
XPX = X7*X;
XPZ = X"*Z;
XPM = XT*M;
XPW = XT*W;
ZPZ = Z7*Z;
ZPM = Z7*M;
ZPW = Z7*W;
MPM = M™*M;
MPW = M™*W;
WPW = W™*W;
ZP72 = Z~*Z+alphall#Ai;
ZPM2 = Z~*M+alphal2#Ai;
MPM2 = M~*M+alpha22#Ai ;
WPW2 = W™*W+gamma#1(10);
lhs = (X™*X || X**Z Il X**M
@ *X || Z*Z+alphall#Ai || Z"*M+alphal2#Ai
M™*X || M *Z+alpha21#Ai || M *M+alpha22#Ai
WX |1 w=*z [l W*M
rhs = X°*y // Z°*y // W™*y // W *y;
sol = GINV(lhs)*rhs;
A e e *
Set Label for printing
K *;
labell = "bl":"b4*
(herd+sex) */
label2 = "al®":"al0";
label3 = "m1":"m10%;
label4 = "pel”:"pel0”;
label = labell || label2 || label3 || label4;

I X**w )//
I Z*w )//
[l M*w )//
Il W *W+gamma#1(10));

/*

/*
/*
/*

The levels for fix eff is 5
The
The
The

levels for animal eff is 10 */
levels for maternal eff is 10 */
levels for PE eff is 8 */



Compute accuracy

* * -
Di = vecdiag(GINV(lhs)); /* Select digonal of lhs inverse */
PEV = Di#Ve; /* Prediction error variance */
1 = J(34,1,1); /* Set unit vector with number of b+u+m+pe */
Acc = J(34,1,.); /* Initialize accuracy */
Acc[5:14,] = SQRT(I[5:14,]-Di[5:14,]#(Ve/Va)); /* BV Accuracy */
Acc[15:24,] = SQRT(1[15:24,]-Di[15:24,]#(Ve/Vm)) ; /* Maternal Accuracy */
Acc[25:34,] = SQRT(I[25:34,]-Di[25:34,]#gamma) ; /* PE Accuracy */

CC=GINV(Ihs);

PRINT *"Animal Model with Maternal and PE Effect”,,

"[XT*X XT*Z X™*M X™*W 161 [X*v1°,
"[Z°*X Z *Z+alphall#Ai Z *M+alphal2 Z *W 1a 1 = [Z*v]",
"M *X M *Z+alpha2l#Ai M *M+alpha22 M *W 1M1 M *y1-.
WEX Wtz W™*M W™ *W+gamma#1] [pel [W>*y]*";
PRINT X&f1, z&f1, M&F1, W&F1; /* Print matrix using f1 format */

PRINT XPX&F1,XPZ&F1,XPM&F1,XPW&F1,ZPZ&F1,ZPM&FL,ZPW&F1,
MPM&F1 ,MPW&F1 , WPW&F1;
PRINT A&F2,A1&F2,ZPZ2&F2,ZPM2&F2 ,MPM2&F2 ,WPW2&F2;
PRINT rhs&f2;
PRINT G Vpe Ve,
Gi&f2 alpha&f2 alphall&f2 alphal2&f2 alpha22&f2 gamma&f2;
PRINT sol&F3 [rowname=label] Di&f3 PEV&TF3 ACC&T3;
QUIT;



and PE Effect
W™ *W+gamma# 1] [pe

X**W

The SAS System
with Maternal
Z>*M+alphal2 Z~*W
M~*M+alpha22 M™*W

X*M
W™*M

Animal Model With Maternal Effect (OUTPUT)
Model

|
Animal
[Z *X Z *Z+alphall#Ai
[M>*X M *Z+alpha2l#Ai

[X>*X X *Z
[W*X W *z
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-4.41
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-4.41
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2.50
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0.00
0.00
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-2.65
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-1.18
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0.59
-0.00
2.94
-0.00
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-0.18
0.00
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-4.41
-4.41
2.21
-0.00

0.00
-0.00
-0.00
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-0.00
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-1.00
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-0.00

0.00

0.00
-0.00
-0.00

3.97
-0.00

1.32
-2.65
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-0.00

0.00

0.00
-0.00
-0.00

1.76
-0.00

0.59
-1.18

0.00
-0.00

0.00

0.00
-0.00
-0.00

6.62
-0.00 12.03

2.21
-4.41

0.00
-0.00

0.00

1.00
2.50
-0.00
0.50
-1.00
0.00
-1.00
0.00
-1.00
2.65
6.62
-0.00
1.32
-2.65
0.00
-2.65
0.00
-2.65
1.18
2.94
-0.00
0.59
-1.18
0.00
-1.18
0.00
-1.18
4.41

4.41 11.03
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-4.41
-4.41
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-4.41
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-4.41
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0.00
-1.00
-1.00
0.00
0.00
0.00
-1.00
1.32
6.62
2.65
0.00
-2.65
-2.65
0.00
0.00
0.00
-2.65
0.59
2.94
1.18
0.00
-0.18
-0.18
0.00
0.00
0.00
-0.18
2.21

2.21 14.03

Al
2.00
0.50

-0.00
0.00
-1.00
0.50
-0.00
0.00
-1.00
0.00
ZPZ2
5.29
1.32
-0.00
0.00
-2.65
1.32
-0.00
0.00
-2.65
0.00
ZPM2
2.35
0.59
-0.00
0.00
-1.18
0.59
-0.00
0.00
-1.18
0.00
MPM2
8.82
-0.00
0.00
-4.41
2.21
-0.00
0.00
-4.41
0.00



=
B
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N

[eNeloNoNoNoNoNoNoo.]

[eleloNoNoNooNo) Nol
o
o
[eleloNoNoNoNoNcNoNe]
o
o

Gl
0.008
0.003

0.003
0.013

SOL

bl 117.
.471
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.581
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.036
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.072
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.218
.986

OO0OO0OO0O0O0WOOOo
o
o

150
-40

ALPHA

2.65
1.18

567

eNoNoloNoloNoNoloNoNoNoNoNo)

[eNoNoNoNoN-NoNoNoNa)

-40

.315
.459
472
.379
-395
.428
-396
.409
.372
.383
-390
.407
-399
.399

=
[eNoNoNoNoNoNoNoNoNo)

VPE
40

[eNoNeoN NoloNoNoNoNo)

[eNelvNoNoNoNoNoNoNe)

VE
350

[N NeoloNoNoNoNoNoNo)

[ NeoleoNoNoNoNoNoNoNo)

ALPHA11l ALPHA12 ALPHA22 GAMMA

DI

110.
160.
165.
132.
138.
149.
138.
143.
130.
134.
136.
142.
139.
139.

2.65

PEV

094
771
261
644
351
630
513
203
229
161
329
451
502
633

1.

[cNoNoNololoNoNoNoNo]
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ACC

.279
.050
.277
.213
.363
.325
.302
.224
.265
.263

4.41

8.75



ml
m2
m3
m4
m5
mé
m7
m8
m9
m10
pel
pe2
pe3
ped
pe5
pe6
pe7
pe8
pe9
pell

.565
.071
.454
.041
.743
577
.349
.075
.064
.332
.000
.081
.000
.000
.139
.058
.000
.000
.000
.000

[ejoNeoNoNoNoNoNoNooNoNoNoNooNoNoNoNoNe)

.249
.253
.241
.256
.245
.239
.255
.255
.253
.252
.114
.109
.114
.114
.112
.106
.114
.114
.114
.114

.289
.520
.375
.517
.799
771
-320
.282
.659
.322
-000
.067
.000
.000
-109
.942
.000
.000
.000
-000

[eNoNeoloNoNoloNoNooNoNoloNooNoNoNoNoNe)

174
.128
.250
.073
.216
.263
.087
.089
.122
.137
.000
.220
.000
.000
-149
.276
.000
.000
.000
.000

IO
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Animal model with dominance effects

/* ___________________________________ */
/* Animal Model with Dominance Effects */
/*y =Xb + Za + Wd + e */
/* Written by Monchai Duangjinda */
/* */
* *
Data Description
Data file:
1D sex bw(kg)
4 1 1.7
5 2 2.0
6 2 1.8
7 2 1.4
8 1 1.5
Pedigree file:
anim S d
1 0 0
2 0 0
3 1 0
4 1 0
5 2 0
6 4 5
7 4 5
8 2 3

Where Va = 20 vd = 10, Ve = 70;

* *

Start computing
* * -

OPTIONS PS=500 NODATE NONUMBER;

%LET f1 = [FORMAT=2.0];
%LET f2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=8.4];
PROC IML;
X =4{10,
01,
01,
01,
1 0};
z={00010000,
00001000,
00000100,
00000010,
000000 O 1};
W= Z;
= {1.7,2.0,1.8,1.4,1.5};
A={1 0 .5 .5 0 .25 .25 .25,
0 1. 0 0 .5 .25 .25 .5,
5 0 1 .25 0 .125 .125 .5,
5 0 .25 1 0 .5 .5 .125,
0 .5 0 © i .5 .5 .25,
.25 .25 .125 .5 .5 1 .5 .187,
.25 .25 .125 .5 .5 .5 1 .187,
.25 .5 .5 .125 .25 .187 .187 1};

/* Dominance relationship is calculated from additive relationship
Using Cockerham formula which is
d(x,y) = 1/4[a(sx,sy)*a(dx,dy)+a(sx,dy)*a(sy,dx)] */



b={f1 O O O O oO 0 0,
o 1 0 0O 0 O 0 0,
o o0 1 0o o0 O 0 o,
0 0 0 1 0 0 0 0,
o 0O O Oo0O 1 o 0 0,
0O o0 O o o0 1 .25 .0313,
o 0O O O o0 .25 1 .0313,
0 0 0 0 0 .0313 .0313 1};
Ai = inv(A);
Di = inv(D);
Dii = Di;
Va = 20; vd = 10; Ve = 70;
alpha = Ve/Va;
delta = Ve/Vd;
E *
MME Setup
XPX = X**X;
XPZ = X*Z;
XPW = XT*W;
ZPZ = Z77*Z;
ZPW = Z7*W;
WPW = W *W;
ZPZ2 = Z~*Z+alpha#Ai;
WPW2 = W™ *W+delta#Di;
lhs = (X™*X || X™*Z 11 X>*wW)s/
(Z™*X || Z°*Z+alpha#Ai || Z°*W)//
WX Wz 1
rhs = X°*y // Z°*y // W *y;
sol = GINV(Ihs)*rhs;

W>*W+delta#Di);

levels for fix eff is 2 (sex) */
levels for animal eff is 8 */
levels for dominance eff is 8 */

levels for EBV start from 3 */
levels for DOM start from 10 */

/* Select digonal of lhs inverse */

/* Pred
/* Set

[X°yl1",
[z y1",
Wyl

labell = "bl1":"b2"; /* The
label2 = "al":"a8"; /* The
label3 = "d1":"d8"; /* The
label = labell || label2 || label3;
labela = "id1":"id8";
Select solutions
K *;
EBV = sol[3:10]; /* The
DOM = sol[11:18]; /* The
TOTAL = EBV+DOM;
K e e *
Compute accuracy
e *;
Di = vecdiag(GINV(Ihs));
PEV = Di#Ve;
1 = J(18,1,1);
Acc=J(18,1,.);
Acc[3:10,] = SQRT(I[3:10,]-Di[3:10,]#alpha);
Acc[14:18,] = SQRT(I1[14:18,]-Di[14:18,]#delta);
CC=INV(lhs);
* *
Print
K -k;
PRINT “Animal Model with Dominance Effects”,,
XX Xz X~W 161
"[Z2°X Z Z+alpha#Ai Z~W 1[al =
WX wz W W+delta#Di][d] =
PRINT X&f1, zZ&Ff1, W&F1;
PRINT XPX&F1,XPZ&F1,XPW&F1,ZPZ&F1,ZPW&F1 ,WPW&F1;
PRINT A&F3,Ai1&F2,D&F3,Di1&F2,ZPZ2&F2 ,WPW2&F2;
PRINT rhs&f2;
PRINT Va Vd Ve ALPHA DELTA;
PRINT sol&f3 [rowname=label] Di&Ff3 Accé&f3;
PRINT EBV&F3 [rowname=labela] DOM&F3 TOTAL&TF3;
PRINT CC&f4;

QUIT;

iction error variance */

unit vector with number of b+u */
/* Initialize accuracy */

/* BV Accuracy */

/* Dom Accuracy */

/* Print matrix using f1 format */

/* Print inverse of LHS */
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Animal model with parental subclass effects

)
Model with Parental
/*y =Xb + Za + SF + e

/* Written by Monchai Duangjinda
/o

/* Anima

*

Data Description

*

*

ex

Data file:
1D S
4 1
5 2
6 2
7 2
8 1

bw(kg)
1.7
2.0
1.8
1.4
1.5

Pedigree file:

anim

0N U WNPRP

s
0
0
1
1
2
4
4
2

WU oOoOo0OoOoa

Subclass Effects

Where Va = 20 vd = 10, Ve = 70;

*

Start computing

*

* -

OPTIONS
%LET 1
%LET 2
%LET 3
%LET 4
PROC IML

X = {1

= O O O

PS=500 NODATE NONUMBER;
[FORMAT=2.0];
[FORMAT=6.2];
[FORMAT=8_.3];
[FORMAT=8_4];

O OO0 oo [l ]

O Oooo

» O O OO
O O ooo

10000,
01000,
00100,
00010,
0000 1};
00,
00,
00,
00,
0 03};

.0,1.8,1.4,1.5};

*/
*/
*/
*/
*/



F={

SPS
ZPZ
SPS
Ihs

lab
lab
lab
lab
lab

1 0 .5 .5 0 .25 .25 .25,
0 1 0 0 .5 .25 .25 .5,
5 0 1 25 0 .125 .125 .5,
5 0 25 1 0 5 .5 .125,
0 .5 0 0 1 5 .5 .25,
.25 .25 .125 .5 .5 1 -5 .187,
.25 .25 .125 .5 .5 .5 1 .187,
.25 .5 .5 125 .25 .187 .187 1};
1.000 0.124 O O O,
0.124 1.000 O O O,
0 o o o o,
0 o o o o,
0 0O 0 0 O0};
inv(A);
ginv(F);
20; VF = 2.5; Ve = 77.5;
= Ve/Va;
= Ve/VT;
Setup
= X**X;
= X~*Z;
= X**S;
= Z"*Z;
= Z°*S;
= S7*S;
2 = Z~*Z+alpha#Ai;
2 = S™*S+lamda#Fi;
= (XX || X°*zZ |l X>*S)/7/
@Z*X || Z *Z+alpha#Ai || Z2°*S)//
(S*X || S°*z |1 S™*S+lamda#Fi);
= X*y [/ Z°*y [/ ST*y;
= GINV(Ihs)*rhs;
___________________ *
Label for printing
ell = "bl":"b2"; /* The levels for
el2 = "al":"a8"; /* The levels for
el3 = "f1":"f5"; /* The levels for
el = labell || label2 |] label3;
ela = "id1":"i1d8";
_____________ *
ect solutions
_____________ *;
= sol[3:10]; /* The levels for
= sol[11:15]; /* The levels for

Acc
Acc
Acc

pute accuracy

* -

= vecdiag(GINV(Ihs));
= Di#Ve;
J(15,1,1);

=J(15,1,.);
[3:10,]
[11:15,]

SQRT(1[3:10,]-Di[3:10,]#alpha);
SQRT(1[11:15,]-Di[11:15,]#1amda);

fix eff is 2 (sex) */
animal eff is 8 */
fullsib eff iIs 5 */

EBV start from 3 */
FS start from 10 */

/* Select digonal of lhs inverse */
/* Prediction error variance */
/* Set unit vector with number of b+u */

/* Initialize accuracy */
/* BV Accuracy */
/* FS Accuracy */



Acc[13
CC=GIN

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
QUIT;

:15,]1 =.; /* Set Accuracy for Fs=0 */

V(lhs);

"Animal Model with fullsib subclass Effects”,,

IX°X X°Z X™s 1b1  [X°y1°,
"[Z°X Z Z+alpha#Ai Z°S 1al = [Z27v]°,
"[S°X Sz S S+lamda#Fi][f] = [S"y]l":;
X&F1l, Z&F1l, S&fF1l; /* Print matrix using f1 format */

XPX&F1,XPZ&F1 ,XPS&F1 ,ZPZ&F1 ,ZPS&F1,SPS&F1;

A&TF3,A1&F2 ,F&F3,Fi&F2,ZPZ2&F2 ,SPS2&F2;

rhs&f2;

Va VFf Ve ALPHA LAMDA;

sol&f3 [rowname=label] Acc&f3;

ccafa; /* Print inverse of LHS */

IO




Animal Model With Dominance Effects (OUTPUT)

with fullsib subclass Effects

Model
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.01
.01
.75

.250
.250
.125
.500
.500
.500
.000
.187

P O OOOOOOo

.250
.500
.500
.125
.250
.187
.187
.000



RHS

3.20

5.20

0.00

0.00

0.00

1.70

2.00

1.80

1.40

1.50

3.20

1.50

0.00

0.00

0.00

VA VF VE ALPHA LAMDA
20 2.5 77.5 3.875 31

SOL ACC
bl 1.616
b2 1.736 B
al -0.009 0.122
a2 0.003 0.183
a3 -0.014 0.097
a4 -0.010 0.332
a5 0.025 0.205
a6 0.015 0.216
a’ -0.031 0.216
a8 -0.017 0.282
fl -0.008 0.139
2 -0.004 0.117
3 0.000
4 0.000
5 0.000

0
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Genetic relationship

Y A e e */
/* Finding relationship using PROC INBREED */
/* Written by Monchai Duangjinda */
Y A e e s */
DATA one;

INPUT id s d;
CARDS;
1
2 . .
3 1 2
4 1 B
5 4 3
6 5 2

PROC INBREED COVAR MATRIX OUTCOV=three NOPRINT;

VAR id s d;
RUN;
/* ___________________________________________ */
/* Finding inverse relationship form PROC IML */
/* Written by Monchai Duangjinda */
/* ___________________________________________ */
%LET N = 6; /* Number of animal in pedigree */
%LET f4 = [FORMAT=8.4];
PROC IML;

USE three;

READ ALL VAR("COL1":"COL6") INTO A;

Ai = INV(A);

PRINT "Finding A inverse using PROC IML";
PRINT A&f4, Ai&f4;

QUIT;
/[———————————— e - */
/* Finding A inverse (lgnore inbreeding) */
/* Using decomposition */
/* lgnore inbreeding */
/* Written by Monchai Duangjinda */
/[ */
PROC IML;
Ped = {1 0 O,
200,
312,
410,
543,
6 5 2};
Ti = J(&N,&N,0); /* create matrix 6x6 */
Di = J(&N,&N,0); /* create matrix 6x6 */
DO 1 = 1 TO &N;
s = Ped[i,2];
d = Ped[i,3];
Ti[i,i] = 1.0;
IF s > 0 THEN Ti[i,s] = -0.5;
IF d > 0 THEN Ti[i,d] = -0.5;
IFs=0&d=0 THEN Di[i,i] = 1;
IFs>0&d=0 THEN Di[i,i] = 4/3;
IF s=0&d> 0 THEN Di[i,i] = 4/3;
IFs>0&d >0 THEN Di[i,i] = 2;

END;



Qu

/*
/*
/*
/*
/*
PR

Qu

Al =

Ti *Di*Ti;

PRINT *"Finding A inverse (lgnore inbreeing)”;
PRINT "Using decomposition”;
PRINT "Ai = Ti *Di*Ti";

PRINT Ped, Ti&f4, Di&f4, Ai&f4;

1T;
___________________________________________ */
Finding A inverse (lgnore inbreeding) */
Using rapid method */
Written by Monchai Duangjinda */
___________________________________________ */
OC IML;
Ped = {1 0 O,
200,
312,
410,
543,
6 5 2};
Al = J(&N,&N,0); /* create matrix 6x6
DO i = 1 TO &N;
s = Ped[1,2];
d = Ped[i1,3]:;
IF s =0&d =0 THEN Ai[i,i] = 1;
IF s>0&d=0 THEN
DO;
Ai[i,i] = Ai[i,i]+4/3;
Ai[i,s] = Ai[i,s]-2/3;
Ai[s,i] = Ai[s,i1]1-2/3;
Ai[s,s] = Ai[s,s]+1/3;
END;
IF s=0&d>0 THEN
DO;
Ai[i,i] = Ai[i,i]+4/3;
Ai[i,d] = Ai[i,d]-2/3;
Ai[d,i] = Ai[d,i]-2/3;
Ai[d,d] = Ai[d,d]+1/3;
END;
IF s>0&d>0 THEN
DO;
Ai[i,i] = Ai[1,i]+2;
Ai[i,s] = Ai[i,s]-1;
Ai[s,i] = Ai[s,i]-1;
Ai[i,d] = Ai[i,d]-1;
Ai[d,i] = Ai[d,i]-1;
Ai[s,s] = Ai[s,s]+1/2;
Ai[d,d] = Ai[d,d]+1/2;
Ai[s,d] = Ai[s,d]+1/2;
Ai[d,s] = Ai[d,s]+1/2;
END;
END;

PRINT "Finding A inverse (lgnore

PRINT "Using Rapid method”;
PRINT Ai&f4;

1T;

inbreeding)”;

*/



/* _____________________________________________________ */
/* Finding dominance relationship using PROC INBREED/IML */

/* Written by Monchai Duangjinda */
/-k _____________________________________________________ */
DATA one;
INPUT id s d;
CARDS;
1
2
3 B,
4 1 2
5 1 3
6 1 3
7 4 3
8 4 3

PROC INBREED COVAR MATRIX OUTCOV=three NOPRINT;
VAR id s d;
RUN;
%LET N = 8; /* Number of animal in pedigree */
%LET f4 = [FORMAT=8.4];
PROC IML;
USE three;
READ ALL VAR("COL1":"COL8") INTO A;
Ped = o,

-
=

W wwNOoOo

3}

&N,&N,0); /* create matrix 8x8 */
0 &N;

1 TO &N;

= Ped[1,2];

= Ped[1,3];

= Ped[j,2];

Ped[j,3]1;

Dom = J

0
0
0
1
1
1
4
4
N
DO T

NP,PANO~NOORMWN

[w)
O
.E'.Q.l—. 1
|

Q 0
|
o1

IF si >0 &di >0 & sj >0 & dj >0 THEN

DO;
Dom[i,j] = 1/4*(A[si,sj]*A[di,dj]+A[si,dj]1*A[si.di]);
END;
iF i = j THEN Dom[i,j] = 1;
END;

END;
Domi = GINV(Dom);
PRINT "Finding Dominance relationship®;
PRINT "From additive relationship”;
PRINT Ped, Dom&f4, Domi&f4;

QUIT;

IO




= Genetic Additive Relationship (OUTPUT)

O O O OO0k

O OO OO0 PR

Finding A inverse using PROC IML

A
.0000 0.0000 0.5000 0.5000 0.5000
.0000 1.0000 0.5000 0.0000 0.2500
.5000 0.5000 1.0000 0.2500 0.6250
.5000 0.0000 0.2500 1.0000 0.6250
.5000 0.2500 0.6250 0.6250 1.1250
.2500 0.6250 0.5625 0.3125 0.6875

Al

.8333 0.5000 -1.0000 -0.6667 0.0000
.5000 2.0333 -1.0000 0.0000 0.5333
.0000 -1.0000 2.5000 0.5000 -1.0000
.6667 0.0000 0.5000 1.8333 -1.0000
.0000 0.5333 -1.0000 -1.0000 2.5333
.0000 -1.0667 0.0000 0.0000 -1.0667

Finding A inverse (lgnore inbreeing)
Using decomposition
Al = Ti *Di*Ti

PED
1 0 0
2 0 0
3 1 2
4 1 0
5 4 3
6 5 2
Tl
.0000 0.0000 0.0000 0.0000 0.0000
.0000 1.0000 0.0000 0.0000 0.0000
.5000 -0.5000 1.0000 0.0000 0.0000
.5000 0.0000 0.0000 1.0000 0.0000
.0000 0.0000 -0.5000 -0.5000 1.0000
.0000 -0.5000 0.0000 0.0000 -0.5000
DI
.0000 0.0000 0.0000 0.0000 0.0000
-0000 1.0000 0.0000 0.0000 0.0000
.0000 0.0000 2.0000 0.0000 0.0000
.0000 0.0000 0.0000 1.3333 0.0000
.0000 0.0000 0.0000 0.0000 2.0000
.0000 0.0000 0.0000 0.0000 0.0000
Al

.8333 0.5000 -1.0000 -0.6667 0.0000
.5000 2.0000 -1.0000 0.0000 0.5000
.0000 -1.0000 2.5000 0.5000 -1.0000
.6667 0.0000 0.5000 1.8333 -1.0000
.0000 0.5000 -1.0000 -1.0000 2.5000
.0000 -1.0000 0.0000 0.0000 -1.0000

= O OOOOoO

= O OOOOoO

N O OOOO

-2500
.6250
.5625
.3125
.6875
-1250

-0000
.0667
.0000
.0000
.0667
.1333

-0000
-0000
.0000
.0000
.0000
.0000

-0000
-0000
-0000
-0000
.0000
.0000

.0000
.0000
-0000
-0000
-0000
-0000



Finding A inverse (lIgnore inbreeding)
Using Rapid method

Al
1.8333 0.5000 -1.0000 -0.6667 0.0000 0.0000
0.5000 2.0000 -1.0000 0.0000 0.5000 -1.0000
-1.0000 -1.0000 2.5000 0.5000 -1.0000 0.0000
-0.6667 0.0000 0.5000 1.8333 -1.0000 0.0000
0.0000 0.5000 -1.0000 -1.0000 2.5000 -1.0000
0.0000 -1.0000 0.0000 0.0000 -1.0000 2.0000

= Genetic Dominance Relationship (OQUTPUT)

OO O0OO0OO0OO0OoFR

OO O0OO0OO0OO0OOoFR

DOM

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

DOMI

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

Finding Dominance relationship
From additive relationship

PED

1 0 0

2 0 0

3 0 0

4 1 2

5 1 3

6 1 3

7 4 3

8 4 3
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 1.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 1.0000 0.2500 0.1250
0.0000 0.0000 0.0000 0.2500 1.0000 0.1250
0.0000 0.0000 0.0000 0.1250 0.1250 1.0000
0.0000 0.0000 0.0000 0.1250 0.1250 0.2500
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 1.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 1.0833 -0.2500 -0.0833
0.0000 0.0000 0.0000 -0.2500 1.0833 -0.0833
0.0000 0.0000 0.0000 -0.0833 -0.0833 1.0833
0.0000 0.0000 0.0000 -0.0833 -0.0833 -0.2500

P OOOOOOOo

.0000
.0000
.0000
.0000
.1250
.1250
.2500
.0000

.0000
.0000
.0000
.0000
.0833
.0833
.2500
.0833

IO
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Multi-trait Animal Model (Similar Model)

/>
/>
/>
/>
/>
/'k
/'k

*

Multiple Trait Animal Model
(Similar Model)
yl = X1bl + Z1lul + el
y2 = X1b2 + Z1lu2 + e2
Written by Monchai Duangjinda

Data Description

*

*

Data file:
id sex
2 1
3 2
4 2
5 1

bw(kg)

40
50
45
50

Pedigree file:

anim s
1 0
2 0
3 2
4 2
5 0
Where Val

Vel

*

AP PP OOQ

5 Va2

= 10 Vve2

Start computing

*

OPTIONS

%L
%L
%L
%L
%L

PR

ET
ET
ET
ET
ET

ocC
X1

/>
X2

Z1

z2

yl
y2

fl =
f2 =
3 =
4 =
5 =

IML;
= {]_
0
0
1

Use same sex as cg

= X1;

* -

PS=500 NODATE NONUMBER;

adg(kg)
0.9
0.8
1.0
1.2

0.2 Cov(al,a?2)
0.5 Cov(el,e2)

[FORMAT=2_0];
[FORMAT=6_2];
[FORMAT=8_.3];
[FORMAT=4_2];
[FORMAT=8_.4];

0,
1,
1,
0};

{01000,

00100,
00010,

0000 1};

= Z1;

{40,50,45,50};

= {0.9,0.8,1.0,1.2};

for both trait */

*/
*/
*/
*/
*/
*/
*/



A={1 0 .5 .5 .25,
0 1 .5 .5 .25,
.5 .5 1 .5 .25,
5 .5 .5 1.5,
.25 .25 .25 .5 13};

Ai = inv(A);

Val
Vel

5; Va2
10; Ve2

0.2; val2
0.5; Vvel2

2;
-0.5;

@
I

(val || val2)//
(valz2 || va2);

e}
I}

(vel || vel2)//
(vel2 || Vve2);

Gi = INV(G);
i = INVQR);

)
1

611 = Gi[1,1];
612 = Gi[1,2];
G21 = G12;

622 = Gi[2.,2];

R11 = Ri[1,1];
R12 = Ri[1,2];
R21 = R12;

R22 = Ri[2.2];

X1PX1 = X1 *R11*X1;
X1PX2 = X1~ *R12*X2;
X1PZ1 = X1~ *R11*Z1;
X1PZ2 = X1 *R12*Z2;
X2PX2 = X2 *R22*X2;
X2PZ1 = X2 *R21*Z1;
X2PZ2 = X2"*R22*Z2;
Z1PZ1 = Z1™*R11*Z1;
Z1PZ2 = Z1"*R12*72;
Z2PZ2 = Z2~*R22*72;

Ihs = (X1 *R11*X1 || X1 *R12*X2 || X1 *R11*Z1 [l X1 *R12*Z2 /7
(X2 *R21*X1 || X2 *R22*X2 || X2 *R21*Z1 [l X2°*R22*Z2 /7
(Z1 *R11*X1 || Z1 *R12*X2 || Z1 *R11*Z1+G11*Ai || Z1 *R12*Z2+G12*Ai)//
(Z2°*R21*X1 || Z2 *R22*X2 || Z2 *R21*Z1+G21*Ai || Z2 *R22*Z2+G22*Ai);

rhs = (X1 *R11*yl1+X1~*R12*y2)//
(X27*R21*y1+X2~*R22*y2)//
(Z1"*R11*y1+Z1 *R12*y2)//
(Z2 *R21*y1+Z2 *R22*y2) ;

sol = GINV(lhs)*rhs;

Di = vecdiag(GINV(lhs)); /* Select digonal of lhs inverse */
PEV = Di; /* Prediction error variance */



1 =
Acc=J(
Acc[5:

J(14,1,1);
14,1,.);

9,1 = SQRT((I[5:9,]#Val-Di[5:9,])/Val);

/* Set unit vector with number of b+u */

/* Initialize accuracy */
/* BV Accuracy for tl*/

Acc[10:14,] = SQRT((I1[10:14,]#Va2-Di[10:14,])/Va2); /* BV Accuracy for t2*/
CC=INV(lhs);

labell = "bl":"b2";
label2 = "ul®:"u5-;
label = labell || labell || label2 || label2;
labelt = REPEAT("t1",2)//REPEAT("t2",2)//
REPEAT("tl1",5)//REPEAT("t2",5);
/* The levels for trait 1 and 2 for 2 sex */
/* The levels for trait 1 and 2 for 5 animals */
* *
Print
* *x -
PRINT *"Multiple Trait Animal Model*,

PRINT
PRINT

PRINT
PRINT
PRINT

PRINT
QUIT;

“(Similar Model)",,

"LHS",

"Lri11*X17*X1 r12*X1°*X2 ri1l1*X1~*z1
"[r21*X2™*X1 r22*X2°*X2 r21*X2°*71

"[r11*Z1°*X1 r12*Z1°*X2 r11*Z1"*Z1+gll*Ai
"[r21*Z27*X1 r22*Z2°*X2 r21*Z2~*Z1+g21*Ai

*RHS",

*[ri1*X1 *yl+r12*Xx1>*y2]",
" [r21%X2° *y1+r22*X2>*y2] ",
T[rl1*z1° *yl+r12*z1>*y2]",
[r21%Z2° *y1+r22*72>*y2]" ;

X1&F1,X2&F1,Z1&F1,Z2&F1;

X1PX1&F4 ,X1PX2&F4 ,X1PZ1&F4 ,X1PZ2&F4,
X2PX2&F4 ,X2PZ1&F4 ,X2PZ2&F4,

Z1PZ18&F4 ,721PZ28&F4 ,Z2PZ2&F4;

A&F2 ,Ai&F2;

rhs&f2;

G R,

Gi&f3 Ri&fF3;

labelt sol&f3 [rowname=label] Di&f3

r12*X1°*Z2
r22%X2°*Z2
ri2*z1° *z2+gl2*Ail[ul] -,
r22*%72>*72+g22*Ai1[u2]  *..

/* The levels for fix eff is 2 (sex) */
/* The levels for animal eff is 5 */

| LeXN B
1[b2] = *,

/* Print matrix using f1 format */



= Multi-trait Animal Model-Similar Model (OUTPUT)

Multiple Trait Animal Model
(Similar Model)

LHS
[ri1*X1™*X1 ri12*X1°*X2 r11*X1~*Z1 ri2*x1-*z2 1Ib1]
[r21*X2™*X1 r22*X2°*X2 r21*X2~*7Z1 r22*X2°*72 1[b2] =

[r11*z21°*X1 r12*71°*X2 r11*Z1"*Z1+g11*Ai r12*Z1~*Z2+g12*Ai][ul]
[r21*227*X1 r22*722°*X2 r21*722~*Z1+g21*Ai r22*722~*72+g22*Ai][u2]

RHS
[r11*X1 *yl+ri2*X1 *y2]
[r21%X2>*y1+r22*X2"*y2]
[r11*Z1 *yl+r12*71"*y2]
[r21%22>*yl1+r22%72"*y2]

X1

= O O Pk
O r Fkr O

X2

= O O Bk
O r kFr O

Z1

O O oo
O O O Bk
O or o
O, OO
= O O O

z2

O O oo
O O O
O oOoOr o
O, OO
= O OO

X1PX1
0.21 0.00
0.00 0.21

X1PX2
0.21 0.00
0.00 0.21



X1Pz1
0.00 0.11 0.00 0.00 0.11
0.00 0.00 0.11 0.11 0.00

X1Pz2
0.00 0.11 0.00 0.00 0.11
0.00 0.00 0.11 0.11 0.00

X2PX2
4.21 0.00
0.00 4.21

X2Pz1
0.00 0.11 0.00 0.00 0.11
0.00 0.00 0.11 0.11 0.00

X2Pz2
0.00 2.11 0.00 0.00 2.11
0.00 0.00 2.11 2.11 0.00

Z1Pz71

0.00 0.00 0.00 0.00 0.00

0.00 0.11 0.00 0.00 0.00

0.00 0.00 0.11 0.00 0.00

0.00 0.00 0.00 0.11 0.00

0.00 0.00 0.00 0.00 0.11

Z1PZ2

0.00 0.00 0.00 0.00 0.00

0.00 0.11 0.00 0.00 0.00

0.00 0.00 0.11 0.00 0.00

0.00 0.00 0.00 0.11 0.00

0.00 0.00 0.00 0.00 0.11

72PZ2

0.00 0.00 0.00 0.00 0.00

0.00 2.11 0.00 0.00 0.00

0.00 0.00 2.11 0.00 0.00

0.00 0.00 0.00 2.11 0.00

0.00 0.00 0.00 0.00 2.11

A
1.00 0.00 0.50 0.50 0.25
0.00 1.00 0.50 0.50 0.25
0.50 0.50 1.00 0.50 0.25
0.50 0.50 0.50 1.00 0.50
0.25 0.25 0.25 0.50 1.00



Al

2.00 1.00
1.00 2.00
-1.00 -1.00
-1.00 -1.00
0.00 0.00

G

5

2

Gl
-0.067 0.
0.667 -1.

LABELT SOL

t1l bl 45
tl b2 47
t©2 bl 1
t©2 b2 0
tl1 ul 0
tl u2 -1
tl u3 0
tl us -0
tl us 0
t2 ul 0
t2 u2 -0
t©2 u3 0
t2 us -0
t2 u5 0

-1.
-1.
2.
0.
0.

R

10.

el
w w

~NoO oo oo h~ah~MO

667
667

.088
.671
.100
.991
.342
.027
.011
.354
.850
.181
.543
.021
.202
442

00
00
00
00
00

HS

.69

19

.89
.79
.00
.31
.35
.84
-39
.00
.11
.95
.84
.79

-1.00
-1.00
0.00
2.33
-0.67

10
-0.5

R1
0.105
0.105

DI
.065
.699
.372
-398
.796
.166
.910
.042
.034
2191
.116
.150
.156
.110

OO OO0 WhAWWHMAOOOWWO®

0.00
0.00
0.00
-0.67
1.33

0.105
2.105

ACC

.202
.606
.467
.438
.627
.216
.648
-499
.467
.672

O O O0OO0OO0OO0OO0OO0oOOoOOo

IO
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Multi-trait Animal Model (Different Model)

/* _________________________________________ */
/* Multiple Trait Animal Model */
/* (Different Model) */
/* yl = Xbl + Zul + Wecl + el */
/* y2 = Xb2 + Zu2 + e2 */
/* Written by Monchai Duangjinda */
/o ———— */
Data Description
* *
Data file:
id sex season dam bw(kg) adg(kg)
2 1 1 0 40 0.9
3 2 1 1 50 0.8
4 2 2 3 45 1.0
5 1 3 0] 50 1.2
Pedigree file:
anim s d
1 0 0
2 0 0
3 2 1
4 2 1
5 0 4
Where Val =5 Va2 = 0.2 Cov(al,a2) = 2

Vel = 2

Vel = 10 Ve2 = 0.5 Cov(el,e2) = -0.5;

*

Start computing

*

OPTIONS

%LET
%LET
%LET
%LET

PROC
X1

X2

Z1

z2
w1

vyl
y2

fl =
f2 =
f3 =
4 =

IML;
:{l
0
0
1
:{l
1
0
0
:{0
0
0
0
= 7Z1;

* -

PS=500 NODATE NONUMBER;

[FORMAT=2.0];
[FORMAT=6_2];
[FORMAT=8_.3];
[FORMAT=4_2];

P O OO«
e v

o oOpr O

O O O !

o O O



Ihs

A={1 O
0o 1
.5 .5
.5 .5

.5
.5

1
.5

.5 .25,
.5 .25,
.5 .25,
1.5,

.25 .25 .25 .5 1};

Ai = inv(A);
Val = 5; Va2 0.2; val2
Vel = 2;
Vel = 10; Ve2 = 0.5; Vel2
G = (vai1 || vai2)//
(vaiz || Vva2);
R = (vel || Vvel2)//
(vel2 || Ve2);
Gi = INV(G);
Ri = INV(R);

G11 = Gi[1,1]
612 = Gi[1,2]
621 = G12;

622 = Gi[2.2]

R11 = Ri[1,1]
R12 = Ri[1,2]

R21 = R12;
R22 = Ri[2,2]

X1PX1 = X1 *R11*X1;
X1PX2 = X1™*R12*X2;
X1PZ1 = X1 *R11*Z1;
X1PZ2 = X1~ *R12*Z2;
X1PW1 = X1 *R11*W1;

X2PX2 = X27*R22*X2;
X2PZ1 = X2°*R21*Z1;
X2PZ2 = X2"*R22*Z2;
X2PW1 = X2 *R21*W1;

Z1PZ1 = Z1 *R11*Z1;
Z1PZ2 = Z1 *R12*Z2;
Z1PW1 = Z1 *R11*W1;
Z2P7Z2 = Z2 *R22*7Z2;
Z2PW1 = Z2"*R21*W1;
W1PW1 = W1™*R11*W1;

= (X17*R11*X1
(X27*R21*X1
(Z1"*R11*X1
(Z2"*R21*X1
(W1™*R11*X1

X1™*R12*X2
X27*R22*X2
Z1~*R12*X2
22" *R22*X2
W1™*R12*X2

W1™*R11*W1+1/Vcl#1(5));

2;

-0.5;

X1"*R11*Z1
X27*R21*Z1
Z1"*R11*Z1+G11*AQ
Z2”*R21*Z1+G21*Ai
W1 *R11*Z1

X1~*R12*Z2
X27*R22*Z72
Z1"*R12*Z2+G12*Ai
Z2"*R22*72+G22*Al
W1~ *R12*Z2

Il X1 *R11*W1)//
Il X2 *R21*W1)//
11 Z1>*R11*W1)//
11 z2>*R21*W1)//
11



rhs = (X1 *R11*yl+X1~*R12*y2)//
(X27*R21*y1+X2~*R22*y2)//
(Z1*R11*y1+Z1 > *R12*y2)//
(Z2™*R21*y1+Z2 > *R22*y2)//
(W1 *R11*y1+W1 *R12*y2) ;

sol = GINV(Ihs)*rhs;

* e
Di = vecdiag(GINV(lIhs)); /* Select digonal of lhs inverse */
PEV = Di; /* Prediction error variance */
| = J(20,1,1); /* Set unit vector with number of b+u */
Acc=J(20,1,.); /* Initialize accuracy */
Acc[6:10,] = SQRT((I[6:10,]#Val-Di[6:10,])/Vval); /* BV Accuracy for t1*/

Acc[11:15,] = SQRT((I[11:15,]#Va2-Di[11:15,])/Va2); /* BV Accuracy for t2*/
CC=INV(Ihs);

labell = "bl":"b2%; /* The levels for cgl is 2 */
label2 = "bl1":"b3"; /* The levels for cg2 is 3 */
label3 = "ul®":"u5"; /* The levels for animal eff is 5 */

label4 = "cl":"c5";
label = labell || label2 || label3 || label3 || label4;

labelt = REPEAT("tl",2)//REPEAT("t2",3)//

REPEAT("tl1",5)//REPEAT("t2",5)//
REPEAT("t1",5);

PRINT “"Multiple Trait Animal Model",
"(Different Model)",,

"LHS",

TLrl1*X1 X1 ri2*X1°X2 ril*x1°z1 ri12*x1°z2 ri1*x1°wi 111 -,
TLr21%X2 X1 r22*X2°X2 r21*x2°z1 r22*X2°72 r21*X2 W1 121 =",
TLri1*Z1°X1 r12*Z1°X2 r11*Z1°Z1+G11*Ai r12*Z1°Z2+G12*Ai r11*Z1 Wl Muil -,
TLr21%Z2 X1 r22*Z2°X2 r21*Z2°Z1+G21*Ai r22*Z2°Z2+G22*Ai r21*Z2° W1 Mu21 -,
TLr11AW1TX1 r12*W1TX2 r1l*W1°Zz1 ri2*w1~z2 rl1*w1 - wi+1/ve*1][c1] -.,
"RHS",

"[rl1*X1 yl+ri2*x1 y2]",
T[r21%X2 y1+r22*X2°y2]",
"[ri1*z1°yl+ri2*z1°y2]",
T[r21%22°y1+r22*72°y2]",
T[rll*Wl yl+ri2*wl y2]";

PRINT X1&f1,X2&f1,Z1&F1,Z2&F1,W1&F1; /* Print matrix using f1 format */
PRINT X1PX1&F4,X1PX2&F4 ,X1PW1&F4 ,X1PZ1&F4 ,X1PZ2&F4 ,X1PW1&F4,
X2PX2&F4 ,X2PZ1&F4 ,X2PW1&F4 ,X2PZ2&F4 , X2PW1&F4,
Z1PZ1&¥4 ,21PZ2&F4 ,Z1PW1&F4 ,Z22PZ228&F4 ,Z2PW1&F4 ,W1PW1;
PRINT A&F2,A1&F2;
PRINT rhs&f2;
PRINT G R, Vci,
Gi&f3 Ri&f3;
PRINT labelt sol&f3 [rowname=label] Di&f3 ACC&F3;
QUIT;



= Multi-trait Animal Model-Different Model (OUTPUT)

[ri1*x1~Xx1
[r21*x2~X1
[ri11*z1~Xx1
[r21*z2~X1

ri1*wi-Xx1i
L

ri2*x1-x2
r22*X2°X2
rl2*71"-X2
r22*72°X2
ri2*wi-Xx2

Multiple Trait Animal Model
(Different Model)

LHS
ri1*x1-zi ri2*x1-z2
r21*x2°z1 r22*X2°72

rl1*7Z1°~Z1+G11*Ail rl12*Z1°Z2+G12*Ai
r21*72°7Z1+G21*Al r22*72°72+G22*Ai
ri1*wi-zi ri2*wi-z2

RHS
[r11*X1 y1+ri2*X1°y2]
[r21*X2 y1+r22*x2 y2]
[r11*Z1 y1+r12*Z1 y2]
[r21*Z2 y1+r22*72 y2]
[ril*Wiyl+ri2*Wwiy2]

X1

= O O Pk
O r Fr O

X2

OO R P
O r OO
= O O O

Z1

O O oo
O OO
O OoOr o
O, OO
= O OO

z2

O O oo
O O o
O O r o
O, OO
= O O O

wl

O OoOr o
O O oo
O, OO
O O oo
O O oo

X1PX1
0.21 0.00
0.00 0.21

X1PX2
0.11 0.00 0.11
0.11 0.11 0.00

X1Pw1
0.00 0.00 0.00 0.00 0.00
0.11 0.00 0.11 0.00 0.00

r11*x1"wi 1[b1]
r21%x2° Wi 1[b2] =
ri1*z1~wi 1ru1l
r21+z2 Wi 1ru21

r11*W1 wi+1/vc*1][pel]



X1Pz1

0.00 0.11 O.
0.00 0.00 O.

X1Pz2

0.00 0.11 O.
0.00 0.00 O.

X1PW1

0.00 0.00 O.
0.11 0.00 O.

X2PX2

4.21 0.
0.00 2.
0.00 O.

X2Pz1

0.00 0.11 O.
0.00 0.00 O.
0.00 0.00 O.

X2PW1

0.11 0.00 O.
0.00 0.00 O.
0.00 0.00 O.

X2Pz2

0.00 2.11 2.
0.00 0.00 O.
0.00 0.00 O.

X2PW1

0.11 0.00 O.
0.00 0.00 O.
0.00 0.00 O.

Z1P71

0.00 0.00
0.00 0.11
0.00 0.00
0.00 0.00
0.00 0.00

O OO0 oo

Z1PZ2

0.00 0.00
0.00 0.11
0.00 0.00
0.00 0.00
0.00 0.00

O O ooo

Z1PW1

0.00 0.00
0.00 0.00
0.11 0.00
0.00 0.00
0.00 0.00

O OO oo

00
11

00
11

00
11

00
11
00

11
00
00

00
11
00

11
00
00

00
11
00

.00
.00
J11
.00
.00

.00
.00
211
.00
.00

.00
.00
.00
211
.00

O O ooo O O oOooo

O OO oo

.00
J11

.00
J11

.00
.00

.00
.00
211

.00
.11
.00

.00
.00
.00

.00
J11
.00

.00
.00
.00

.00
.00
.00
.11
.00

.00
.00
.00
211
.00

.00
.00
.00
.00
.00

O O ooo O OO oo

O OO oo

.11
.00

J11
.00

.00
.00

.00
.00
.11

.00
.00
.00

.00
.00
11

.00
.00
.00

.00
.00
.00
.00
.11

.00
.00
.00
.00
211

.00
.00
.00
.00
.00



wiPwi
0.1052632
0

0
0
0

O OO Ok

72P72
0.00 0.00
0.00 2.11
0.00 0.00
0.00 0.00
0.00 0.00

Z2PW1
.00 0.00
.00 0.00
-11 0.00
.00 0.00
.00 0.00

O O ooo

.00
.00
.50
.50
.25

Al

.00
.00
.00
.00
.00

O oOOoOor o

O O ooo
o

.00
.00
.50
.50
.25

.00
.00
.00
.00
.00

.00
.00
11
.00
.00

.00
.00
.00
11
.00

O OoON OO
ONOOOo
N OO OO

.00
.00
.00
11
.00

.00
.00
.00
.00
.00

O O ooo
O O ooo
O OO oo

0
0
-1052632
0
0

.50
.50
.00
.50
.25

.50
.50
.50
.00
.50

O OoOr OO
O, OO0OO

-1.00 -1.00
-1.00 -1.00
2.00 0.00
0.00 2.33
0.00 -0.67

RHS
.69
.19
.05
.84
.79
.00
.31
.35
.84
-39
.00
11
.95
.84
.79
.35
.00
.84
.00
.00

B
w o ©

O o MOUUNOOOOOUDNMOOMO~NO®

2 10
0.2 -0.5

VC1

.00
.00
.00
.00
11

.00
.00
.00
.00
.00

= O O OO

o O O

O O ooo

.25
.25
.25
.50
.00

.00
.00
.00
.67
.33

0.5
0.5

O O ooo



-0.067

0.667
LABELT SOL
tl bl
tl b2
t2 bl
t2 b2
t2 b3
tl ul
tl u2
tl u3
tl u4
tl u5
12 ul
12 u2
t2 u3
t2 us
t2 us
tl cl
tl c2
tl c3
tl c4
tl c5

Gl

0.667

-1.667

.041
.817
.085
.097
.919
.151
.097
.309
.486
.176
.157
.535
.027
.194
.470
.389
.000
.389
.000
.000

NNFPFNPOOOOOMMWWPMOOO OO®

RI1
0.105
0.105

DI

.063
.678
.378
.691
.656
.136
.758
.926
.782
.446
.184
.114
.151
.165
2111
.861
.000
.861
.000
.000

OO O0OO0OO0OO0OO0OO0OO0oOOo

0.105
2.105

ACC

.416
.498
.463
.209
.333
.283
.657
.496
.417
.666

IO
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Multi-trait Animal Model (Missing Trait Model)

2

/* Multiple Trait Animal Model

/* (Similar Model with Missing Traits)

/* yl = Xbl + Zul + el
/* y2 = Xb2 + Zu2 + e2
/* Written by Monchai Duangjinda

o

* *

Data Description

* *

Data file:

id sex bw(kg) yeargain (kg)
2 1 40 1.9

3 2 50 1.8

4 2 45 -

5 1 1.2

Pedigree file:

anim S d

1 0 0

2 0 0

3 2 1

4 2 1

5 0 4

Where Val = 5 Va2 = 0.2 Cov(al,a2)
Vel = 10 Ve2 = 0.5 Cov(el,e2)

* *

Start computing

* *;

OPTIONS PS=500 NODATE NONUMBER;
%LET f1 = [FORMAT=2.0];

%LET f2 = [FORMAT=6.2];

%LET 3 = [FORMAT=8.3];

%LET ¥4 = [FORMAT=4.3];

PROC IML;
X1 = {10,
01,
01,
0 0};
X2 = {10,
01,
00,
1 03};
Z1={01000,
00100,
00010,
0000 0};
zZ2={01000,
00100,
00000,
0000 13};

*/
*/
*/
*/
*/
*/
*/



yl = {40,50,45,0};
y2 = {1.9,1.8,0,1.2};
A={1 0O .5 .5 .25,
0 1 .5 .5 .25,
.5 .5 1 .5 .25,
.5 .5 .5 1 .5,
.25 .25 .25 .5 1}%};
Ai = inv(A);
Val = 5; Va2 = 0.2; Val2 = 2;
Vel = 10; Ve2 = 0.5; Vel2 = -0.5;
G = (vai || vai2)//
(val2 || va2);
R = (vel || Vvel2)//
(Vel2 || Ve2);
Gi = INV(G);
Ri = INV(R);
G11 = Gi[1,1];
G12 = Gi[1,2];
G21 = G12;
G22 = Gi[2,2];

/* Create Residual variance structure for 4 records */

R11 = Ri[1,1]*1(4);
R12 = Ri[1,2]*1(4);
R21 = R12;

R22 = Ri[2,2]*1(4);

/* Change some residual variance with missing trait residual variance */
/* Inverse of Residual variance for missing traits*/

RiO = 1(2);
RiO[1,1] = 1/Vel;
RiO[2,2] = 1/Ve2;
/* records 3 of trait 1 missing trait 2 */
R11[3,3] = 1/Vel;
/* records 4 of trait 2 missing trait 1 */
R22[4,4] = 1/Ve2;
/* records 4 of trait 1 is missing */
R11[4,4] = O;
R12[4,4] = 0;
/* records 3 of trait 2 is missing */
R22[3,3] = 0;
R12[3,3] = O;
* *
MME Setup
* oo *;
X1PX1 = X1 *R11*X1;
X1PX2 = X1 *R12*X2;
X1PZ1 = X1 *R11*Z1;
X1PZ2 = X1~ *R12*Z2;
X2PX2 = X27*R22*X2;
X2PZ1 = X2°*R21*Z71;
X2PZ2 = X27*R22*72;
Z1PZ1 = Z1"*R11*Z1;
Z1PZ2 = Z1"*R12*Z2;
Z2PZ2 = 72 *R22*72;



Ihs = (X1 *R11*X1 || X1 *R12*X2 || X1 *R11*Z1 [l X1 *R12*Z2 )7/
(X2 *R21*X1 || X2 *R22*X2 || X2 *R21*Z1 [l X2 *R22*Z2 )7/
(Z1 *R11*X1 || Z1 *R12*X2 || Z1 *R11*Z1+GL1*Ai || Z1 *R12*Z2+G12*Ai)//
(Z2°*R21*X1 || Z2 *R22*X2 || Z2 *R21*Z1+G21*Ai || Z2 *R22*Z2+G22*Ai);

rhs = (X1 *R11*yl+X1 *R12*y2)//
(X27*R21*y1+X2~*R22*y2)//
(Z1"*R11*y1+Z1"*R12*y2)//
(Z27*R21*y1+Z2~*R22*y2);
sol = GINV(lhs)*rhs;

e * -
Di = vecdiag(GINV(lhs)); /* Select digonal of lhs inverse */
PEV = Di; /* Prediction error variance */
1 =J(4,1,1); /* Set unit vector with number of b+u */
Acc=J(14,1,.); /* Initialize accuracy */
Acc[5:9,] = SQRT((I[5:9,]#Val-Di[5:9,])/Val); /* BV Accuracy for tl*/

Acc[10:14,] = SQRT((I1[10:14,]#Va2-Di[10:14,])/Va2); /* BV Accuracy for t2*/
CC=INV(lhs);

labell = "bl1":"b2"; /* The levels for fix eff is 2 (sex) */
label2 = "ul®:"u5"; /* The levels for animal eff is 5 */
label = labell || labell || label2 || label2;

labelt

REPEAT("t1",2)//REPEAT("t2",2)// /* The levels for trait 1 and 2 for sex */
REPEAT("t1",5)//REPEAT("t2",5); /* The levels for trait 1 and 2 for animals*/

PRINT “"Multiple Trait Animal Model"®,
"(Similar Model with Missing Trait)",,

"LHS",
"[X1™*R11*X1 X1 *R12*X2 X1 *R11*Z1 X1"*R12*Z2 JI[b1] ",
"[X27*R21*X1 X2 *R22*X2 X2 *R21*Z1 X27*R22*Z2 J[b2] = -,

"[Z17*R11*X1 Z1"*R12*X2 Z1 *R11*Z1+G1l1*Ai Z1 *R12*Z2+G12*Ai][ul] ",
"[Z227*R21*X1 Z2 *R22*X2 Z2 *R21*Z1+G21*Ai Z2 *R22*Z2+G22*Ai][u2] -

*RHS",
*[X1 *R11*y1+X1 *R12%y2]",
*[X2 *R21*y1+X2 *R22*y2] ",
*[Z1 *R11*y1+Z1 *R12*y2]",
*[22>*R21*y1+Z2 *R22*y2] " ;

PRINT X1&F1,X2&F1,Z1&F1,Z2&F1; /* Print matrix using f1 format */
PRINT R11&Ff4,R12&F4,R22&F4;
PRINT X1PX1&F4,X1PX2&F4 ,X1PZ1&F4 ,X1PZ2&F4,
X2PX2&F4 ,X2PZ1&F4 ,X2PZ22&F4 ,
Z1PZ71&¥4 ,Z1PZ2&F4 ,72PZ2&F4;
PRINT A&F2,A1&F2;
PRINT rhs&f2;
PRINT G R,
Gi&f3 Ri&F3 Ri0&F3;
PRINT labelt sol&f3 [rowname=label] Di&f3 ACC&T3;
QUIT;



= Multi-trait Animal Model-Missing Trait Model (OUTPUT)

The SAS System
Multiple Trait Animal Model
(Similar Model with Missing Trait)

LHS

[X1™*R11*X1 X1 *R12*X2 X1~ *R11*Z1
[X27*R21*X1 X2 *R22*X2 X2~*R21*Z1
[Z1"*R11*X1 Z1 *R12*X2 Z1~*R11*Z1+G11*Ai Z1~*R12*Z2+G12*Ai][ul]
[227*R21*X1 Z27*R22*X2 Z2~*R21*Z1+G21*Ai Z2~*R22*72+G22*Ai][u2]

RHS

X1~
X2~

*R12*Z2 1[b1]
*R22%Z2 1[b2] =

[X1*R11*yl1+X1 *R12*y2]
[X2™*R21*y1+X2 *R22*y2]
[Z1"*R11*y1+Z1 *R12*y2]
[Z2™*R21*y1+Z2 *R22*y2]

Z1

O O oo

z2

O O oo

R11
.105
.000
.000
.000

R12
.105
.000
.000
.000

R22
2.11
.000
.000
.000

X1

O O O

X2

O O OB
= O O Bk

O O O

.000
.105
.000
.000

.000
.105
.000
.000

.000
2.11
.000
.000

O OoOr o

O O r o

O r Fr O

O or o

O, OO

O O oo

.000
.000
.100
.000

.000
.000
.000
.000

.000
.000
.000
.000

O O oo

= O O O

.000
.000
.000
.000

.000
.000
.000
.000

.000
.000
.000
2.00



O O OO0 PR

X

1PZ1

.000
.000

X

1PZ2

.000
.000

X

2PZ1

.000
.000

X

2PZ2

X1PX1
.105 .000
.000 .205

X1PX2
.105 .000
.000 .105

.105
.000

.105
.000

.000
.105

.000
.105

X2PX2
4.11 .000
.000 2.11

.105
.000

.000 2.11
.000 .000

z

1PZ1

.000
.000
.000
.000
.000

z

1PZ2

.000
.000
.000
.000
.000

z

.000 .

2PZ2

.000
.105
.000
.000
.000

.000
.105
.000
.000
.000

000

.000 2.11

.000 .
.000 .

.000

A

.00
.00
.50
.50
.25

Al

.00
.00
.00
.00
.00

O OoOor o

000
000

.000

.00
.00
.50
.50
.25

.00
.00
.00
.00
.00

.000
.105

.000
2.11

.000
.000
.105
.000
.000

.000
.000
.105
.000
.000

.000
.000
2.11
.000
.000

.50
.50
.00
.50
.25

OOoOr OO

-1.00
-1.00
2.00
0.00
0.00

.000
.100

.000
.000

.000
.000

.000
.000

.000
.000
.000
.100
.000

.000
.000
.000
.000
.000

.000
.000
.000
.000
.000

ORr OO0OO

.000
.000

.000
.000

.000
.000

2.00
.000

.000
.000
.000
.000
.000

.000
.000
.000
.000
.000

.000
.000
.000
.000
2.00

.50
.50
.50
.00
.50

.00
.00
.00
.33
.67

= O OO0OOo

.25
.25
.25
.50
.00

.00
.00
.00
.67
.33



G
5
2
Gl
-0.067 0.667
0.667 -1.667
LABELT SOL
tl bl
tl b2
t2 bl
t2 b2
tl ul
tl u2
tl u3
tl ué
tl us
t2 ul
t2 u2
t2 u3
t2 us
t2 ub5

0.
0.

R

[
o © »

NO®©O©WOowOOhMUMOO

R1
105
105

.535
.384
.598
.681
.233
.698
.709
477
.936
.023
.070
.214
.191
.165

HS

.41
.95
.61
.05
.00
.41
.45
.50
.00
.00
.21
.05
.00
.40

0.
2.

[
N

O O0OO0OO0COWhMDhMWMOOO®

10
-0.5

105
105

D1
.225
.702
.372
.689
.806
.256
.593
.748
.251
.198
.183
.159
.160
.175

0.
0.

OO O0OO0OO0OO0OO0OO0OOoOOo

R10
100
000

ACC

.197
.591
.285
.224
.591
.098
.295
.451
.449
.355

0.000
2.000

IO
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Multi-trait Animal Model (Sex-limited Model)

)
/* Multiple Trait Animal Model

/* (Sex limit Model)
/* yl = Xbl + Zul + el
/* y2 = Xb2 + Zu2 + e2
/* Written by Monchai Duangjinda

o

*

Data Description

*

*

Data file: (Dual purpose records)
ww(kg) milk(kg)

id sex
3 m
4 m
5 m
6 m
7 f
8 f
9 f
10 f

herd

NNFPFPFPNMNNDNEPRE

Pedigree file:

anim

© 0O ~NO UL WNPRP
OO MDD WRPRPFPLPOOOW®

[y
o

Where Val
Vel

N~NOOMNMMOOOOOQ

40 Va2
80 Ve2

/* Cov(el,e2) need

*

Start computing

*

* -

to set to zero since data are from different environment */

350
250
300
450

20
16
15
25

20 Cov(al,a?) =
50 Cov(el,e2) =

OPTIONS PS=500 NODATE NONUMBER;
%LET f1 = [FORMAT=2.0];
[FORMAT=6.2];
[FORMAT=8.3];
[FORMAT=4_2];

%LET 2
%LET 3
%LET f4

PROC 1IML;

/* Use herd as fixed effects

X1 = {1

O OO0 O0OOoOo

0,

OO OrR Fr Pk

o
[Swr

*/

5
0;

*/
*/
*/
*/
*/
*/
*/



X2 = {0 0,
00,
00,
00,
10,
10,
01,
0 13};
Z1={00100
00010
00001
00000
00000
00000
00000
00000
Z2={00000
00000
00000
00000
00000
00000
00000
00000

OO Oo0OOoOr O0O0

O OO0 O0OOoOOo
O OoOPFr OO0OO0Oo
O OPFr OO0 OO0 Oo

0

O OO 000 OoOOo
O OO 000 OoOOo
O OO 000 OoOOo

0

yl = {350,250,300,450
y2 = {0,0,0,0,20,16,15,25};
.5

A={ 0
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Ai = inv(A);

Val = 40; Va2 = 20; Val2
Vel = 80; Ve2 = 50; Vel2
|l vai2)//

0
1
0
0
.5
0
0
0

0

.2

5

0
0
1

.25

0
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G = (val

(vail2 || va2);
R = (Vel

(vel2 || Vve2);
Gi = INV(G);
Ri = INV(R);

G11 = Gi[1.1];
612 = Gi[1.2];
G21 = G12;

622 = Gi[2,2];
R11 = Ri[1,1];
R12 = Ri[1,2];

R21 = R12;

R22 = Ri[2,2];
* *
MME Setup
* * -

11 Ve12)s/

X1PX1 = X1 *R11*X1;
X1PX2 = X1 *R12*X2;
X1PZ1 = X1"*R11*Z1;
X1PZ2 = X1~ *R12*Z2;

R O OO0OO0OOOo
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1};



X2PX2 = X27*R22*X2;

X2PZ1 = X2 *R21*Z1;
X2PZ2 = X2 *R22*Z72;
Z1PZ1 = Z1 *R11*Z1;
Z1PZ2 = 71 *R12*Z2;
Z2PZ2 = 72 *R22*72;
Ihs = (X1 *R11*X1 || X1 *R12*X2

(X2 *R21*X1 || X2 *R22*X2
(Z1 *R11*X1 || Z1 *R12*X2
(Z2°*R21*X1 || Z2 *R22*X2

[l X1 *R11*Z1
[l X2 *R21*71
11 Z1 *R11*Z1+G11*Ai
11 Z2>*R21*Z1+G21*Ai

[l X1 *R12*Z2 )7
[l X2 *R22*z2 )7/
Il Z1 *R12*Z2+G12*Ai)//
Il Z2 *R22*Z2+G22*Ai);

rhs = (X1 *R11*yl+X1 *R12*y2)//
(X27*R21*y1+X2~*R22*y2)//
(Z1"*R11*y1+Z1~*R12*y2)//
(Z2°*R21*y1+Z2~*R22*y2);
GINV(Ihs)*rhs;

Di = vecdiag(GINV(lhs)); /* Select digonal of lhs inverse */

PEV = Di; /* Prediction error variance */

| = J(24,1,1); /* Set unit vector with number of b+u */
Acc=J(24,1,.); /* Initialize accuracy */
Acc[5:14,] = SQRT((I[5:14,]#Vval-Di[5:14,])/Val); /* BV Accuracy for tl*/

Acc[15:24,] = SQRT((1[15:24,]#Va2-Di[15:24,])/Va2); /* BV Accuracy for t2*/
CC=INV(lhs);

- o -
labell = "bl1":"b2"; /* The levels for sex is 2 */
label2 = "h1":"h2"; /* The levels for herd is 2 */
label3 = "ul®":"ul0"; /* The levels for animal is 5 */
label = labell || label2 || label3 || label3;
labelt = REPEAT("tl1",2)//REPEAT("t2",2)//

REPEAT("t1",10)//REPEAT("t2",10);
* *
Print
* *;
PRINT “"Multiple Trait Animal Model*®,
"(Sex-limit ModeD)*,,
"LHS",
" [X1~*R11*X1 0 X1~ *R11*Z1 0 1[b1] -,
L 0 X2 *R22*X2 0 X2~ *R22*72 1[b2] = -,
"[Z1"*R11*X1 0 Z1"*R11*Z1+G11*Ai G12*Ai J[ul] ",
L 0 Z2~*R22*X2 G21*Ai 72~ *R22*72+G22*Ai] [u2] -
"RHS",

"[X1 *R11*y1]",

"[X2~*R22*y2]",

"[Z1*R11*y1]",

"[227*R22*y2]";
X1&F1,X2&F1,Z18&F1,Z2&F1;

X1PX1&F4 ,X1PX2&F4 ,X1PZ1&F4 ,X1PZ2&F4,
X2PX2&F4 ,X2PZ1&F4 ,X2PZ2&F4 ,
Z1PZ1&F¥4 ,Z21PZ2&F4 ,Z2PZ2&F4 ;

A&F2 ,A1&F2;

rhs&f2;

G R,

Gi&f3 Ri&f3;

labelt sol&f3 [rowname=label] Di&f3

PRINT
PRINT

/* Print matrix using f1 format */

PRINT
PRINT
PRINT

PRINT
QUIT;

ACC&T3;
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Multi-trait Animal Model (Canonical Transformation)

/* _________________________________________ */
/* Multiple Trait Animal Model */
/* (Canonical Transformation) */
/* yl = Xbl + Zul + el */
/* y2 = Xb2 + Zu2 + e2 */
/* Written by Monchai Duangjinda */
/* _________________________________________ */
* *

Data Description

* *

Data file:

id sex bw(kg) yeargain (kg)
2 1 40 0.9

3 2 50 0.8

4 2 45 1.0

5 1 50 1.2

Pedigree file:

anim S d

1 0 0

2 0 0

3 2 1

4 2 1

5 0 4

Where Val = 5 Va2 = 0.2 Cov(al,a2) = 2

Vel = 10 Ve2 = 0.5 Cov(el,e2) = -0.5;

* *

Start computing

* *;

OPTIONS PS=500 NODATE NONUMBER;
%LET f1 = [FORMAT=2.0];

%LET 2 = [FORMAT=6.2];
%LET 3 = [FORMAT=8.3];
%LET f4 = [FORMAT=4_2];
%LET f5 = [FORMAT=8.4];
PROC IML;

/* Transform yl and y2 to newyl and newy2 where newy = Q*y

which has independent R */

Val
Vel

5; Va2 = .2; Val2
10; Ve2 = .5; Vel2

1
N

1
I
[4)]

@
1

(val || vai12)//
(Val2 || va2);

e}
1

(vel || vel2)//
(vel2 || Ve2);

/* Define Q */

U = EIGVEC(R);
D = DIAG(EIGVAL(R));
P = U*SQRT(INV(D))*U~;



L = EIGVEC(P*G*P);
W = DIAG(EIGVAL(P*G*P ));

Wi= INV(W);
Q= L"*P;
Qi = INV(Q);

TestR = Q*R*Q";
TestG = Q*G*Q~;

yl = {40,50,45,50};
y2 = {0.9,0.8,1.0,1.2};
y =yl |l y2;

newy =y~ ;

/* Transfrom newy = Q*y by looping */

DO i =1 TO 4; /* N records = 4 */
newy[,i] = Q*y[i,]1 ;
END;

newy = newy ;
newyl = newy[,1];
newy2 = newy[,2];

X=4{10,
01,
01,
1 0};
z={01000,
00100,
00010,
0000 1};
A={1 0 .5 .5.25,
0O 1 .5 .5 .25,
.5 .5 1 .5 .25,
.5 .5 .5 1.5,
25 .25 .25 .5 1};
Ai = inv(A);
MME Setup for Traitl
alpha = 1/W[1,1]; /* Use transformed alphal */

XPX = X™*X;
XPZ = X"*Z;
ZPZ = Z°%*Z;
ZPZ2 = Z~*Z+alpha#Ai;

lhs = (X™*X || X**Z )/
(Z™*X || Z>*Z+alpha#Ai );

rhs = X“*newyl // Z *newyl; /* Use transformed yl */
soll = GINV(Ihs)*rhs;

labell = "bl":"b2%; /* The levels for fix eff is 2 (sex) */
label2 = "ul®:"u57; /* The levels for animal eff is 5 */



&)

o

[¢)
1

labell || label2;

* * -

PRINT “"Multiple Trait Animal Model*®,
"Cannonical Transformation (y = Qy)~",,
TIXTEX XT*Z 1b1  [X7*y1°,
"[Z2°*X Z *Z+alpha#Ai][u] = [Z *y]";

PRINT G&f2 R&F2, y&Ff2 newy&f2,

L&F3 U&TF3 D&F3 P&TF3,
Q&F3 W&F3 Wi&F3, TestG&F3 TestR&f3;

PRINT “Analysis of Trait 17;

PRINT X&f1, Z&f1; /* Print matrix using f1 format */

PRINT XPX&fF1,XPZ&f1,ZPZ&F1;

PRINT A&F2,Ai1&F2,7ZP72&F2;

PRINT rhs&f2;

PRINT ALPHA&F3;

PRINT sol1&f3 [rowname=label];

alpha = 1/W[2,2]; /* Use transformed alpha2 */
XPX = X™*X;

XPZ = X“*Z;

ZPZ = Z°*Z;

ZPz2 = Z~*Z+alpha#Ai;

lhs = (X™*X || X**Z )//
(Z™*X || Z"*Z+alpha#Ai );
rhs = X *newy2 // Z *newy2; /* Use transformed y2 */

sol2 = GINV(Ihs)*rhs;

PRINT "Analysis of Trait I11";

PRINT X&Ff1, Z&fF1; /* Print matrix using f1 format */
PRINT XPX&F1,XPZ&Ff1,ZPZ&F1;

PRINT A&fF2,Ai&F2,ZPZ2&F2;

PRINT rhs&f2;

PRINT ALPHA&F3;

PRINT sol2&f3 [rowname=label];

/* BACK Transform SOL to original value*/
sol = soll || sol2;

origsol = sol~;

/* Transfrom newy = Qi*sol by looping */

DO i =1 TO 7; /* Nsol = 2 sex + 5 animals */
origsol[,i] = Qi*sol[i,] ;

END;

origsol = origsol~;

origsoll = origsol[,1];
origsol2 = origsol[,2];

PRINT "Back Solutions for Trait I and 11%;
PRINT origsol1&f3 [rowname=label] origsol2&f3;
QUIT;
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= OO OO

O O o

.25
.25
.25
.50
.00

.00
.00
.00
.67
.33

.00
.00
.00
.38
.77



.00
.00
.50
.50
.25

O O OO0

Al
2.00
1.00

-1.00
-1.00
0.00

ZPZ2
-5.49
-2.74

2.74

2.74

0.00

O oOor o

Pz

O O o oo
OO OoOr o

.00
.00
.50
.50
.25

.00
.00
.00
.00
.00

.74
.49
.74
.74
.00

SOL2
bl
b2
ul
u2
u3
us
ub

O OoOr OO

N

O OoOpr oo

oOr O OO0

.50
.50
.00
.50
.25

.00
.00
.00
.00
.00

.74
.74
-4.49
.00
.00

R

15.
16.
.00
.00
.05
.88
.68

0 N ©~NO

HS
67
93

ALPHA
-2.744

= O O OO

O, OO0OO

.807
.415
.102
.305
.017
.119
.245

.50
.50
.50
.00
.50

.00
.00
.00
.33
.67

.74
.74
.00
.40
.83

= O O OO

- o O O

= O O O

.25
.25
.25
.50
.00

.00
.00
.00
.67
.33

.00
.00
.00
.83
.66

Back Solutions for Trait 1 and 11

ORIGSOL1

bl
b2
ul
u2
u3
us
ub

.088
.671
.342
.027
.011
.354
-850

ORIGSOL2

.100
.991
.181
.543
.021
.202
.442

0
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Random Regression Testday Model (LeGendre function)

/e

/* Animal Model with Random Regression Testday

/* y = HTD + Xibi + Ziui + Wipi + e

/* LeGendre function: f(dim) = L1 + L2 + L3
/* L1 =1, L2 = sqrt(3)*L,L3 = sqrt(5/4)*(3*L"2-1)

/* L = -1+2*(dim-1)/(305-1)
/* Written by Monchai Duangjinda
Y

*

Data Description

*

*

Data file:
cow htd dim

W WWNNNPRE PP

1

O WNIAMWN

10
40
70
12
42
72
60
12
15

0
0

Pedigree file:

anim
1
2
3

S
0
0
0

where G =

*

Ve =

{4.
1.
1.

= {4.
0.
0.
6.

o o

0
5
1

.941
.743
.546
.928
.730
.533
.612
.217
.020

= NP OQ
o
[

w
o
N

[E
al
o

25;

Start computing

*

* -

OPTIONS

%LET
%LET
%LET
%LET
PROC

/*

X1

fl =
2
3 =
4
IML;

-
5

P RPRPRRRREREPRE

[FORMAT=2_.0];
[FORMAT=6_2];
[FORMAT=8_.3];
[FORMAT=6_3];

L2

.629
.288
.946
.607
.265
.923
-060
.376
.034

PS=500 NODATE NONUMBER;

Fixed effects for HTD */

-
=

O O O0OO0OO0OO0OOoOOo
OO O0OO0OFr OO0OFrOo
OO O0OPFr OO0OFr oo
OO PFr OO0OFr OO
OFrPr OO O0OO0OOOo

0

0

0,
0,
0,
0,
0,
0,
0,
0

1};

L3

.851
.736
.118
.768
.671
.166
.138
-960
.117

milk (kg/d)
8
20
18
10
25
19
16
12
6

*/
*/
*/
*/
*/
*/
*/
*/



/* Fixed effects for DIM */
.629 1.851,
-1.288 0.736,
-0.946 -0.118,
-1.607 1.768,
-1.265 0.671,
-0.923 -0.166,
-1.060 0.138,
-0.376 -0.960,
-0.034 -1.117%;

>
N
|
~
i
I
o

PR RPRRRRR

/* Combined fixed effects */
X = X1 |l X2;

z1 = {10 0,
100,
100,
010,
010,
010,
001,
001,
00 1};

/* Kronecor product Z with dim function which has 3 column of parameters */
Z = R2AZLL 1D N R2#ZLL, 2D | | (X2#Z11. 3D ;

/* Include random regression on PE effects */

W= Z;
y = {8,20,18,10,25,19,16,12,6};
A={1 .5 .5,

.5 1 .25,

5 .25 1};

N W

..o.
N
2

Pe = {4.

o O
';J'Il
o
s

<
@
1

6.25;

@

i = INV(G);
Pei = INV(Pe);
i = 1/Ve;

XPX = X *Ri*X;

XPZ = X *Ri*Z;

XPW = X *Ri*W;

ZPZ = Z*Ri*Z;

ZPW = Z*Ri*W;

WPW = W *Ri*W;

ZPZ2 = Z *Ri*Z+Gi@Ai;
WPW2 = W *Ri*W+Pei@l(3);



lhs = (X*Ri*X || X *Ri*Z 11 X *Ri*w )/

(Z*Ri*X || Z*Ri*Z+Gi@Ai || Z *Ri*W )//
W™*Ri*X || W *Ri*Z Il W*Ri*W+Pei@I1(3));
rhs = X**Ri*y // Z *Ri*y // W *Ri*y;
sol = GINV(Ihs)*rhs;

labell = "htdl":"htd6"; /* The levels for HTD is 6 */
label2 = "bl1":"b3"; /* The levels for dim regression is 3 */
label3 = ("ull®:"ul3") || ("u21":"u23")]1("u31l":"u33");

/* The levels for animal eff is 3*3 */
labeld4 = ("pell”:"pel3") |1 ("pe2l":"pe23")||("pe3l":"pe33);

/* The levels for PE eff is 3 */
label = labell || label2 || label3 || label4;

PRINT *"Random Regression Testday Model®,
"LeGendre Model: f(dim)=L1+L2+L3",
"L1=1, L2=sqrt(3)*L, L3=sqrt(5/4)*(3*L"2-1)",
"L = -1+2*(dim-1)/(305-1)",,

"[XT*Ri*X X *Ri*Z XT*Ri*W 1Ib 1 [X**Ri*y]",
"[Z7*Ri*X Z *Ri*Z+Gi@Ai Z *Ri*W Tu 1 = [Z *Ri*y]",
"[WFRI*X  WI*RI*Z W *Ri*W+Pei@1][pe]l  [W *Ri*y]":
PRINT X&f4, z&f4, W&F4; /* Print matrix using f1 format */

PRINT XPX&F4,XPZ&F4 ,XPW&F4,ZPZ&F4 ,ZPW&F4 ,WPW&F4;
PRINT A&F4,Ai1&F4,ZPZ2&F4 ,WPW2&F4;

PRINT rhsé&f4;

PRINT G&F3 Gi&f3, Pe&f3 Ve&f3;

PRINT sol&f3 [rowname=label];

/* first animal start at row 10 of sol */

/* Initialize EBVt, 3 rows, 1 col with zero value */

/* Initialize Persistency, 3 rows, 1 col with zero value */
init = 10;

EBVt =J(3,1,0);

Persist = J(3,1,0);

DO j =1 TO 3; /* j for number of animals */
DO i1 = 1 TO 305; /* 1 for dim */
dim = i;
L = -1+2*(dim-1)/(305-1);
L1 = 1;
L2 = sqrt(3)*L;
L3 = sqrt(5/4)*(3*L*L-1);
DVEC = L1 || L2 || L3;
UVEC = sol[init:init+2,]; /* 2 is number of function parameters-1 */
EBVt[j,] = EBVt[j,]+DVEC*UVEC;
END;

Iinit = Init+3;
END;



/* Aproximate Persistency can be calculated from area under curve

from d60-d280 */

DO j =1 TO 3; /* j for number of animals */
DO i = 60 TO 280; /* i for dim */
dim = i;
L = -1+2*(dim-1)/(305-1);
L1 =1;
L2 = sqrt(3)*L;
L3 = sqrt(5/4)*(3*L*L-1);

DVEC = L1 || L2 || L3;
UVEC = sol[init:init+2,];

/* 2 is number of function parameters-1 */

Persist[j,] = Persist[j,]+DVEC*UVEC;

END;

init = Init+3;
END;
label5 = "al":"a3";

PRINT EBVt&F3 [rowname=label5]

CREATE GMdata VAR{mean dim};

DO i = 1 TO 300 BY 10;

dim = 1i;

L = -1+2*(dim-1)/(305-1);
L1 = 1;

L2 = sqrt(3)*L;

L3 = sqrt(5/4)*(3*L*L-1);

DVEC = L1 || L2 || L3;
BVEC = sol[7:9,];
MEAN = DVEC*BVEC;
APPEND ;

END;

Persist&f3 ;

/* 1 for dim */

/* bl,b2,b3 for dim is row 7-9 of sol */
/* predict milk for each testday */

/* Create SAS dataset named ANIMdata has 3 variables */
CREATE ANIMdata VAR{anim dim EBV MEAN PROD};

init = 10; /* first animal start at row 10 of sol */
DO j =1 TO 3; /* j for number of animals */
anim = j;
DO i = 1 TO 300 BY 10; /* 1 for dim */
dim = i;
L = -1+2*(dim-1)/(305-1);
L1 =1;
L2 = sqrt(3)*L;
L3 = sqrt(6/74)*(3*L*L-1);

DVEC = L1 || L2 || L3;
BVEC = sol[7:9,];

UVEC = sol[init:init+2,];

MEAN = DVEC*BVEC;
EBV = DVEC*UVEC;
PROD = MEAN+EBV;

APPEND ;
END;
init = Init+3;
END;
QUIT;

/* PLOT Genetic Lactation Curve */

PROC GPLOT DATA=ANIMdata;
SYMBOL1 1=JOIN;

/* bl,b2,b3 for dim is row 7-9 of sol */
/* 2 is function parameters-1 */

PLOT EBV*dim = anim /HAXIS = 0 TO 300 BY 30;
PLOT MEAN*dim = anim /HAXIS = 0 TO 300 BY 30;
PLOT PROD*dim = anim /HAXIS = 0 TO 300 BY 30;

RUN;



= Random Regression Testday Model (OUTPUT)

OO O0OO0OO0CORr PRk O O O0OO0CO0OO0OO0OOoPR

OO O0OO0OO0CORr PRk

The SAS System

Random Regression Testday Model
LeGendre Model: f(dim)=L1+L2+L3
L1=1, L2=sqrt(3)*L, L3=sqrt(5/4)*(3*L"2-1)
L = -1+2*(dim-1)/(305-1)

[XC*RI*X X *Ri*Z X *RI*W 1b 1 [X*Ri*y]
[Z *Ri*X  Z *Ri*Z+Gi@AT Z *Ri*W 1u 1 = [Z>*Ri*y]
[W*Ri*X W *Ri*Z W *Ri*W+Pei@l[pe]  [W *Ri*y]

O O O0OO0OO0oO0oOo

o

X
.000 0.000 0.000 0.000 0.000 0.000 1.000 -1.629 1.851
.000 1.000 0.000 0.000 0.000 0.000 1.000 -1.288 0.736
.000 0.000 1.000 0.000 0.000 0.000 1.000 -0.946 -0.118
.000 0.000 0.000 1.000 0.000 0©0.000 1.000 -1.607 1.768
.000 1.000 0.000 0.000 0.000 0.000 1.000 -1.265 0.671
.000 0.000 1.000 0.000 0.000 0©0.000 1.000 -0.923 -0.166
.000 0.000 0.000 1.000 0.000 0.000 1.000 -1.060 0.138
.000 0.000 0.000 0.000 1.000 0.000 1.000 -0.376 -0.960
.000 0.000 0.000 0.000 0.000 1.000 1.000 -0.034 -1.117

4
.000 -1.629 1.851 0.000 0.000 0.000 0.000 0.000 0.000
.000 -1.288 0.736 0.000 0.000 0.000 0.000 0.000 0.000
.000 -0.946 -0.118 0.000 0.000 0.000 0.000 0.000 0.000
.000 0.000 0.000 1.000 -1.607 1.768 0.000 0.000 0.000
.000 0.000 0.000 1.000 -1.265 0.671 0.000 0.000 0.000
.000 0.000 0.000 1.000 -0.923 -0.166 0.000 0.000 0.000
.000 0.000 0.000 0.000 0.000 0.000 1.000 -1.060 0.138
.000 0.000 0.000 0.000 0.000 0.000 1.000 -0.376 -0.960
.000 0.000 0.000 0.000 0.000 0.000 1.000 -0.034 -1.117

W
.000 -1.629 1.851 0.000 0.000 0.000 0.000 0.000 0.000
.000 -1.288 0.736 0.000 0.000 0.000 0.000 0.000 0.000
.000 -0.946 -0.118 0.000 0.000 0.000 0.000 0.000 0.000
.000 0.000 0.000 1.000 -1.607 1.768 0.000 0.000 0.000
.000 0.000 0.000 1.000 -1.265 0.671 0.000 0.000 0.000
.000 0.000 0.000 1.000 -0.923 -0.166 0.000 0.000 0.000
.000 0.000 0.000 0.000 0.000 0.000 1.000 -1.060 0.138
.000 0.000 0.000 0.000 0.000 0.000 1.000 -0.376 -0.960
.000 0.000 0.000 0.000 0.000 0.000 1.000 -0.034 -1.117
XPX
.160 0.000 0.000 0.000 0.000 0.000 0.160 -0.261 0.296
.000 0.320 0.000 0.000 0.000 0.000 0.320 -0.408 0.225
.000 0.000 0.320 0.000 0.000 0.000 0.320 -0.299 -0.045
.000 0.000 0.000 0.320 0.000 0.000 0.320 -0.427 0.305
.000 0.000 0.000 0.000 0.160 0.000 0.160 -0.060 -0.154
.000 0.000 0.000 0.000 0.000 0.160 0.160 -0.005 -0.179
.160 0.320 0.320 0.320 0.160 0.160 1.440 -1.460 0.448
.261 -0.408 -0.299 -0.427 -0.060 -0.005 -1.460 1.841 -1.142
296 0.225 -0.045 0.305 -0.154 -0.179 0.448 -1.142 1.564



O O OO0 Oo0OOo

o

o O O O0OO0OO0OOoOOo o O O O0OO0OO0OOoOOo

O O O0OO0OO0OOoOOo

XPz

.160
.160
.160
.000
.000
.000
-480
.618
-395

XPW

.160
.160
.160
.000
.000
.000
-480
.618
-395

ZPZ

.480
.618
.395
.000
.000
.000
.000
.000
.000

ZPW

.480
.618
.395
.000
.000
.000
.000
.000
.000

WPW

.480
.618
.395
.000
.000
.000
-000
-000
.000

o

O OO Oo0Ooo

.261
.206
.151
.000
.000
.000
.618
.833
.616

.261
.206
.151
.000
.000
.000
.618
-833
.616

.618
.833
.616
.000
.000
.000
.000
.000
.000

.618
.833
.616
.000
.000
.000
.000
-000
-000

.618
.833
.616
.000
.000
.000
-000
-000
.000

o O O O0OO0OO0OOoOOo o O O O0OO0OO0OOoOOo

O O O0OO0OO0OOoOOo

.296
.118
.019
.000
.000
.000
.395
.616
.637

.296
.118
.019
.000
.000
.000
.395
.616
.637

.395
.616
.637
.000
.000
.000
.000
.000
.000

.395
.616
.637
.000
.000
.000
.000
.000
.000

.395
.616
.637
.000
.000
.000
.000
.000
.000

O O oo o O O OO0 OoOOo o O O OO0 OoOOo

|
o

O O oo

|
O O o oo

O O oo

|
O O oOooo

O O oo

o P

.000
.160
.160
.160
.000
.000
.480
.607
-364

.000
.160
.160
.160
.000
.000
.480
.607
-364

.000
.000
.000
.480
.607
.364
-000
.000
-000

.000
.000
.000
.480
.607
.364
-000
-000
.000

.000
.000
.000
.480
.607
.364
-000
-000
.000

.000
.500
.500

[

.000
.202
.148
.257
.000
.000
.607
-806
-566

.000
.202
.148
.257
.000
.000
.607
-806
-566

.000
.000
.000
.607
.806
.566
.000
.000
-000

.000
.000
.000
.607
.806
.566
.000
.000
.000

.000
.000
.000
.607
.806
.566
.000
.000
.000

.500
.000
.250

|
O OO oo

O O oo

|
O O o oo

O O oo

|
O O oOooo

O O oo

o o

.000
.107
.027
.283
.000
.000
.364
-566
.577

.000
.107
.027
.283
.000
.000
.364
-566
.577

.000
.000
.000
.364
.566
577
.000
.000
.000

.000
.000
.000
.364
.566
577
.000
-000
-000

.000
.000
.000
.364
.566
577
.000
.000
.000

.500
.250
.000

.000
.000
.000
.160
.160
.160
-480
.235
.310

.000
.000
.000
.160
.160
.160
-480
.235
.310

.000
.000
.000
.000
.000
.000
.480
.235
.310

.000
.000
.000
.000
.000
.000
-480
.235
.310

.000
.000
.000
.000
.000
.000
-480
.235
.310

O O O OoOOoOo

o o

O OO OoOOoOo

o o

O OO OoOOoo

o

.000
.000
.000
.170
.060
.005
.235
.203
.040

.000
.000
.000
.170
.060
.005
.235
.203
.040

.000
.000
.000
.000
.000
.000
.235
.203
.040

.000
.000
.000
.000
.000
.000
.235
.203
.040

.000
.000
.000
.000
.000
.000
.235
.203
.040

O O O OoOOoOo

o o

O OO OoOOoOo

o o

O OO OoOOoo

o

.000
.000
.000
.022
.154
179
.310
.040
-350

.000
.000
.000
.022
.154
179
.310
.040
-350

.000
.000
.000
.000
-000
-000
.310
.040
-350

.000
.000
.000
-000
-000
-000
.310
.040
.350

.000
.000
.000
-000
-000
-000
.310
.040
.350



ZPZ2

0.956
-0.809
0.205
0.000
-0.000

.000
.238
.095
.095

WPwW2
.741
.618
.395
.086
.000
.000
.018
.000
.000

-0.809
1.214
-0.616
-0.000
0.000
0.000
0.095
-0.190
0.000

-0.618
1.094
-0.616
0.000
-0.086
0.000
0.000
-0.018
0.000

4.000
1.000
1.000

.205 O
.616 O.
.018 O
.000 2
.000 -1.
.000 -0.
.095 -1.
.000 O.
190 O.

.395 -0.
.616 O.
.898 0.
.000 1.
.000 -0.
.086 O.
.000 -0.
.000 O.
.018 O.

1.000
3.000
2.000

Al

.667
.667
.667

.000

000

.000
.147

274
303
667
667
667

086
000
000
179
607
364
061
000
000

1.
2.
2.

-0.667
1.333
0.000

0.000
0.000
0.000
-1.274
2.139
-0.566
0.667
-1.333
0.000

0.000
-0.086
0.000
-0.607
1.505
-0.566
0.000
-0.061
0.000

RHS
.280
.200
.920
.160
.920
.960
21.440
-22.84

6.831

7.360
-8.931

4.385

8.640
-10.44

5.008

5.440
-3.468
-2.562

7.360
-8.931

4.385

8.640
-10.44

5.008

5.440
-3.468
-2.562

Or ol NP

000
000
000

-0.
0.
1.

667
000
333

.000 -0.
.000 O.
.000 O.
.303 -1.
.566 O.
.910 O.
.667 3.
.000 -1.
.333 -1.

.000 -0.
.000 O.
.086 O.
.364 -0.
.566 O.
.276 0.
.000 1.
.000 -0.
.061 -0.

Gl
0.286
0.000

-0.143

238 0.
095 -0.
095 O.
667 O.
667 -1.
667 O.
099 -1.
283 2.
358 0.

018 O.
000 -0.
000 O.
061 O.
000 -0.
000 O.
488 -0.
235 1.
310 O.

0.000
1.000
-1.000

095
190
000
667
333
000
283
298
040

000
018
000
000
061
000
235
210
040

0.095
0.000
-0.190
0.667
0.000
-1.333
-1.358
0.040
2.445

0.000
0.000
-0.018
0.000
0.000
-0.061
-0.310
0.040
1.358

-0.143
-1.000
1.571



EBV

PE

PEI

VE

4.000 0.500 0.100 0.261 -0.086 -0.018 6.250
0.500 1.500 0.100 -0.086 0.699 -0.061
0.100 0.100 1.000 -0.018 -0.061 1.008
SOL
htdl -22.454
htd2 -19.235
htd3 -21.002
htd4 -26.165
htd5 -0.999
htdé  23.459
b1 -66.395
b2 -107.563
b3 -40.580
ull -0.267
ul2 0.216
ul3 -0.368
u21 0.180
u22 -0.147
u23 0.247
u3l 0.089
u32 -0.072
u33 0.123
pell -0.398
pel2 0.542
pel3 -0.365
pe21 0.121
pe22 -0.162
pe23 0.105
pe31 -0.004
pe32 0.005
pe33 -0.001
EBVT PERSIST
al -82.122 -25.629
a2 55.542 8.493
a3 27.374  -0.696
T T T T T
30 60 90 120 150 180 210 240 270 300
DIM

ANIHM
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