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Ty c«a}aﬁ LS sues] LWy (e Q C\.L.J Elements of matrix ,.oLs



B:[b“ % b“] or B=[2 4 5]
b, b, b, 689
¥xY lé)wﬁOrderofmatrixJﬂujB%M\%jogﬁjyj
B & saall OB 1y Lgtesl sde &3 Yl Lgd v sdny B siall i ys S
L;d\ iy s» Row vectori z.all Byaally B, 3L Loy 4SS - Se dzlll
fday e g 9 oS il amell e Ulolg sl o (e 0585
c=[26-4
St e 0SS el oty s Column Vectoriys sea! 52l OB b
oy e 5o 92 LaS (60 gl azelly ey Al
F_20]
60
8

2

Aty (oo e OS5 D gavan A Scalar matrix el 34> 9 i g2l

.J}‘j)}.&.c-j

Special Matrices &wlsd) Sbsiaadl VY
SquareMatrix dapod! Bsdaedl §,Y, 9
OB @ ey e Vly O sanall o sl sde e 0SS D ganas A



Y ol b saall iyl

21 6
G=|4 2 7
0 4 8

oAl e a5y et g5 21 oLl OB sl da 1 B paiall (3
b ol and 34l e g Y Al olally Diagonals of matrix & o)l
. Off-diagonals of matrix ,Jaal
Diagonal Matrix & el d3sduaed! §,Y,Y
b ol e L 0555 ) 88 piall A a3y el 8 sinall Gy
g B shae a B B piall OB JUU o b |jis (550 &l
300
B=|104 0
0 018
e %;J‘ &, kdll & el s» Identity matrix (1) IRESN|IPTRVIPYS:
ks e 55 g2 sl joliall e jlawsl s jslie
1000
0100

0010
0001

Triangular Matrix gl &30 deypad) d3gduaed! §, Y, ¥
ADOVE (3 5b 1 3os &y all b aolie 0585 ) Dy U1 Byl S5 o
ol e 055 Ladknd | a0 %;ju Under diagonal Jai)l «.£ 4 diagonal
Lo B praally DT odn (3 dap 1) B pall e 1o (55l el G532l
oL s ol aer <OS o g (3 ¢ Lower triangular matri)g_}.&“;}!\ KRN



Upper (g sl CJil & jhs day L1 @ 5aally & 50l Coen |jiw gslus i)
Ll & e AW Bgame A D dny Ll B sall OB clA 5 triangular matrix
:%gjlﬂlwll&ij:\ﬁjw:&éjmdbE Lo 1 3 gapll Ly Jad!

4 00 391
D=1 30, ;E=048
279 006

Symmetric Matrix dedaze) d3gduaol 3,Y, ¢
ba jooliad Bllae il B35 Lnpuslis 0555 A1 dmg bl B siall A5 a
sdebane B 50me 2 La A il il o2 BL
2 -4 0
A=|-4 6 3
0 3 7
A1y el OB @5 eyl d jon A B saall pole 0 yaie IS5
8y Sl Gy paally @y paall Gl Ay adlly 8y paal ol

Basic matrix operations <\ giuaed) desluwd) dulwodl Slhasd! § ¥
Transpose of a matrix & siwell L& §,¥, 3

shee] JI LoV B sl G pi S b 258 I Lleadl 5
5o iy A o Ny A T ghall e gSins S g ) 3hae Y1
b S A L ySall B sanall § sdes] I LLYIA B yaall G pin



° ol b saall iyl

32

314
A=111j A =
210
40

sSan 055 O (Ses A B shall olus Y A B piall OF La LSy
Lokite Byl 055 Lie A Bl D520l las ool A D52l
.Symmetric matrix
Matrix addition and subtraction <sdwaall = by aex 3, ¥,¥

Gaaall e @xdl il LS ) ol sl CJ]@ — ReYs
B CJM o C"';"‘ iles detaiy . Same order ol s LJ ‘:;T sdes Yy
BB g b sl wpman SN b giall e IS (35 5L jolidl 2 b T e
58 egrer Jool OB YXY JBlae (35 old Y B shalls X B paall Ll 018
:@cbyﬁwB@M\ﬁﬁp}ybjW@M\

(40 10 -2 20
X = and Y
139 —25} {4 40}

e [40+(-2 10+ 20] [38 30
- 143 15

| 39+4 -25+4
40- (-2 10- 20| [42 -10

B= X-Y= =
39-4 -25 40 |35 -65

Matrix multiplication ©B@gaed) o ol §, ¥, ¥

sde gslan S5V B il shee VI sude OIS 3] (8 phan Oy SQ
G gho sde L) Bshan 5o Ol Juol il 05805 B3I B shually G pinal
G AgaBsiall o ol OF (11 B sauall stesT sae 5 591 8 sanall
P G Byl g0 By, & seall



1 4 -1 2 5
A=|2 5 0 and B ¥4 3
3 6 1 6 1

Byaall 3 caall jole ey S O Ob ol ides 2
ISl Joolo mad @5 W B sanall 3o gendl 3 & LU el SV
(q.?u.ojCuﬁ\ybb}wéwlciﬁjéyﬂ\ﬂuéw\yu
t b WS Clsaall pole o Jyadl (Ss
c, =1(2)+ 4(4)- 16} 12 fow 1 of A multiplied byotlumn 1 of B)
C,y =2(2)+ 5(4)+ 0(6)F 24 ow 2 of A multiplied byotumn 1 of B]
C,y; =3(2)+ 6(4)+ 1(6F 36 ow 3 of A multiplied byotumn 1 of B)
c, =1(5)+4Q@)+-1(1)=16 (ow lof A multiplied by columnd& B)
C,, =2(5)+ 5Q3)+ O(LF 25 ow 2 of A multiplied byotumn 2 of B)
C,s =3(5)+ 6(3+ 1(1)F 34 row 3 of A multiplied byotumn 2 of B)
Jol> OB exdl i L B A O ganza Lodd OIS 13) L 5,1 jud
oo Jol> Oly . ABE BA Gl 1 (AXB) o Jool> c5lus Y BXA 0
b yiay (U Joow JeA) %gjs-i i yaaa (3 Identity matrix (1)sd> ol & yavae
A=AI=A Ol A B inall 52 O3S 51 OB @l 2U (0 L 0 ) g
100|224 2241100 2214

0jo10{152/={152010|=|152
001|611 611001 611

Direct product of matrices <@gl <l il @L;J\ ¢y
EX oud 5 OB A (6318 shany N XM 5 I G & gz Lol OIS 13)
1 en il ol saal lgj(aGSUO;..}S



\s Lol b ganll jan cay )l
QlAgle]
glAgﬂA
G.q;.-;g‘\.g)ﬁpj ScalarﬁjG%M1j~pt_cyj¢;&J5Ja'-3iuj

I3 Kronecker product ,S. 5 S C’L’ e b, L G?L'Jb A Bgaall ole

TNt x msc s 2l

e 4|

1 0 2
10 5
G= and A 0 1 4
5 20
2 4 1
n xm t x ¢

Kronnecker product
10 0 20 5 0 10
0O 10 40 O 5 20
20 40 10 10 20 5
5 0O 10 20 0 40
0 5 20 0 20 80
110 20 5 20 80 20

nt x ms

G*A =

& Multiple-trait evaluationssJall <laall =B 3 S, U Lk
oY ezt S Ol gl @S
Matrix inversion &gduaell CJ3 Y ¥, 0
Byhad g ol pygdall 1 1.0,

b At 74 W jen A5 Inversed  matrixd; flall & saall
B yan e Juad Original matrix Lo & saall 3 oo 15) A B yaall

.Identity Matrix 54> 5!



O peondd 51 31 (gl A
(A)A) =1
PRY 2 FRVESN IRV » Squared matrix i A b sl y

rsSae sl Allby ey L olae 065 4 kdll Wb gaall OB CliS . L
Pk WS &kl oLl

3 0 O 13 0 0

B0 4 0 ad B0 V4 0

0 O 0 0 i)

Yxy aﬁ}i@oj\ Cghde Y,V 0¥
:A%MJ@C:AyﬁLQSYXY b}m&l\u}l‘buww

A = |:a11 a-12i|
& Ay
O )l Oy Matrix Determinant & sanall sug Olus Yl o Loy
W S @8 @18~ @, By 1k WS Gl 0yl Juol e > e
B yhall polie IS duis V- 3 el 1 LS oy A Gphaall, %
SENEI TS

At = 1 a,, —a,
18, = Gy & -a,, a,
8 4
A=
o

. 1 4 -4] 1[4 -4] 050 -Q5
_(8)(4)—(6)(4)[—6 8}_5[—6 8][—0.75 1001



q Lokt b paall an iyl

Al Uyl LS ATA= 1= A7 O Y e

Led Bsanally Lt oS0 da M) b saael) Lo O pmy 8 5000l0 502
plscil G5 o 3kd B paall o I ans ol ) (e 3l il e
e b saall G O glas Olud Ready mode programs jaldl 5 5. =
dl>~ 3 Non-diagonal matrix; Jadl ¢ & seall O glie Clus (Sc Y | ‘:j.l.a.u
Lo sk Lotz s L 11 B 5aually jao (gl 8 nall 5502 0585 O
Ol e & Singular matrixlgle slayy O glie Ll B 5ae ) e I
1 0l &y Non-Singular matridg.le 3la sd L 21 day )11 2 sa0al)

(A" =B"A"

YoxX W Dsdaodl Cghis Y Y0

PN B B yanall oz VXY & paall O slie Clua Ay yb s 53

12 3
B=|1 3 5
15 12

Jod!

:(D) Z.e,.wl fodg Olu -

D = 1 (36-25) -2 (12-5) + 3 (5-3) = 3
:‘:;li\.as‘"\é}ial\ﬂt;obulc'pj -Y



O gl 15 G y

: Matrix cofactordd sa.all 330 e sl£| -Y

5.2l el ibgiiall Cofactor s\
544 ]J‘é"'" &2 LBga - P W 1es s el
Element Minor L) Bgiall (3 LB o) ?ul \
Lr Ul 3\ £
3
11 5 } 36- 25= 11 11
[1
1.2 }: 12-5=7 7
11
[1
1,3 5 3: 2 2
_1 5

Pk WS 852l 0585 S ey (B shall polie  FUISH;

11 -7 2
B=-9 9 -3
1 -2 1

uj.a.,allul.c—dj«a;& Ll “}*‘l‘d‘jﬂ*’ oJ.«&‘))\wS.c.
: s LSAdjoin Matrix(A ) dag !

11 -9 1
A=|-7 9 -2
2 -3 1
L;i.c(A) Ll :da.&'Jl\ & ganll dawdy B 520l O glie Olu -0
R
11 -9 1

5‘1:%—7 9 -2
2 -3 1



V' ol b gaall e iyl

EERN
3 3
gi=|L 3 2
3 3
g -13 1
| 3 |
P 0 saall Oyl (6 E A i (e Rl
1 .1
12 3|3 3|71 0
-1 _7 _2
BEY={13 5| 3 |01
15 12|, “lloo
3 3]

() sl Bphae = Lpplin 3 B Byiall 0y Juols O] s
e B B gaall O glae O @ (e Identity matrix

Q3 Lpedsenal S8 LSl wlial (g elall pLdly bl & saime o pliny
LS dao e SN O s sSd (b) 45541 Y bl Cluo
oS g Y b 3 Lol et

Linear equations &kedt wWslall J> e 4] Fld wlsanall (A
I Akt Aolal) ol 28l s . oYalall ey Jealdl sle Y

Ab=y
Uye) b o) Mo s Jany A B paall O plie 3 Aslall 3k oy

1 Vector agze 3,30 (3 bl Dolall 8



O'):RUL;U)M Bovel] VY
ATAb = Ay
b= Aty
Yalaedl Joalrs slow) B A5Y) Yl pldseenl

P (e 92 LS Ll B3 T 0¥ olae &M Lyl &F o 1
3x— y+2z=7
2x+ y-z=1
Ax+2y-3=-1

ZZ,y,Xﬁéc‘P@" I o sldally

S

ok S M Y slaal) 8 piall oS5 o2
3-1 2 X 7
2 1 -1 Y =1
42 -3 |z -1

Matrix A Matrix B Matrix C
P b WS A & paaall (D)JJ_é\gTM&(J
D,=3(-3+2-(-)[-6-(-9]+ 24 ¥= 3 Zzero=- 5
Z, Yy x ﬁgwcf@wgnmuwwﬁqwgém)g\j
5 32 skl @y X 3 gee Izl day LoVl st g X DLl (3 audl 05805
P2,y e gl A e AN Gl Jat s (6l Bede (g B paally

15 - 9

1 1| (1 -1 1 -1
X==|1 1 -1|== -(-1 +
D 5( 2 -3 -1 -3

-1 2 -3
=342+ 1-3- )+ 22 ) —7-4+6_-11+6_-5_
-5 -5 -5 -5




1 3 ! 1
y=_—|2 1 _ :__0:2
D -5

4 -1 -3
3 -1 7
Z:Lz 1 1 ___15_3
D -5
4 2 -1

Rank of the matrix dsdaed! 43y 4,¥,%

Was dlid) sues 1 51 G sauall sus Rank of matrixd sauell 5, i
&S ol &y I & 52,2115 . Linearly independent rows or columns sa.2ll,
e J o ey Ll Alines sdeeV1 51 Gpiall b ) Byaall el
3l Gsanall jasm O ud @b saall jas s - Full rank matrixds ) G & si.ell
3, 0B o ey Byaall o1 sdesl 51 Gyial Lhs "IN 1E saee Y
B yaall e Iy DUt oda 35 sues Y 51 O siallsde e 31 0555 2 50l
G B VI 51 G ganall OB 5T 5 51 Non-full rank matrixis )l s &
ENCOL MEUEPEPRTS JUILY I PPN LS SRCY PHIAPTE

3 t26+1G =y,

4x +3%+0x; = ,
17X +56+1G =y,

Gl g e a N LI OF A O ST oYalall sds 35
LS Matrix notation &b yawae 5y 30 3 Yslall oda s Oy AWy S5

s



Oseold 31, 5 Cpnl ¥
32 1| x A
4 30|l x,|=|),
7 5 1§ x, Vs
:L;J\“»LQSL“J'»JZJMQQG}AAUJ@C.';}OS{)
Dx=y
Y 55 yhoan oo o 5 D il 3 0yl 05Kt ) i
OMtne Olaws dr g0 4 gaall oda (3 O] &>~ Unique inverseo glie L d 5
Y ol B saall oda 43, ol d}ﬁloi.grjyj Linearly independentllas

Pk LS S
r (D) =2
L(Jv\-‘{'ﬁ‘})r)j&ﬁj Not of full rank i3 JI &l coud D & 5.2l OTL“;T
L‘JJ.‘g-ﬁ’})ng}JMw&ﬁYj@)\:uUﬁoiﬁ@}\@j@d\}.gﬂ
FLJWIA D g2l ) bl .o slas
5 1
10 6
15 1
20 6

A W N P
A AN DN

oo 0 Bde day SIW el OY 1k Y= B saall o 45, OF U4

MJM‘QTMaJmL&

A W NP



\ o Lol b ganll jan cay )l

OB @5 ey LoV A Bgaall 3 oY1 3 pendl OV Gillas 3 gendl iay
o shia Lo 0 Y JWL s od L 5 Y5 A5 0 Al 8 day M A B sanall
Generalized inverse  ggead! Bsdaall Cghde 1Y,V

pled Sk 4l Singular matrixe glie W ud @ 5l 0555 Ledis
o bley Jdbsanll S Oslas sl£Y Generalized inverswl o slall
P S et Jag iy DT 50 D B saael) candt o sliell

DD D=D

Joad 0L T -7 5 3 Gl JUL D 8 shael) weall O plall Ol

e LS D At I 885l o e 3 L 25,01 b5 B 28 pinall e Lo

=l

Foldl D Bsaall jole V=] I 0 B Byaall Cplie (st
D &saall 1o L2l joladl mexr 3 20 a5 B B50all e L 3 LU
D7 5o b e gy D B shaal) eenll LAl s Ll 0,53

3 aeios oS5 D Bshasl weall QI OB oS5 G U Uik
I o glad



‘Eigenvalues &) o) ), ¥,A

Sl bl 3 s Wil joliall e oS 8 el pasis A il
.Principal Components Analys@»hfﬁ\ ol 5 JdL Laaly H. lgs ‘:;"J‘j
el Slghaall Lobdl Lol )l Sldeally ald) w@bﬁ Jie 3¢
: SAS @Uﬁ

SAS Code :
PROCIML;

:Transpose of a matrix 42 gdwaed) wSe 3,€,9
a {32,11,40};
b=a;
Printa, b;

:C"L'Jh

O N

A
3
1
4

B

3

2

-
[@REY

! Matrix addition and substraction &sdwaall = by ae 1,¢,Y
x= {4010,39-25};
y={ -220 440},
= X-Y;
Printx ,y, ¢

40 10
39 -25

2 20
4 40



VY ol b saall iyl

C
42 -10
35 -65
Matrix multiplication <Wsiaad) o Juol> §,¢,¥
:C"L'M
A
1 4 -
2 5 0
3 6 1
B
2 5
4 3
6 1
C
12 16
24 25
34
sl shan b (Identity matrix (1 3d=g)) Bgdas Sy Jool> V€8
PROC IML;
a={100,010,001};
b={2 24,152,611}
c=a*b;
Printa, b,c ;
:G?L'J\
A
1 0 0
0 1 0
0 0 1
B
2 2 4
1 5 2
6 1 1
C
2 2 4
1 5 2
6 1 1
:Matrix inversion &gl CJI3 ) ¢,0



PROC IML;
B={300,040,00 18},
bINV= INV(B);
Print b, bINV ;
: G?L’J\
B
3 0 0
0 4 0
0 0 18
BINV
0.3333333 0 0
0 025 O
0 0 0.0555556
: Identity matrix &sb-1 18 gdus 9SS 1, £, )
PROC IML;
a= 1(6);
Print A ;
:G?L'J\
B
3 0 0
0 4 0
0 0 18
BINV
0.3333333 0 0
0 0.25 0
0 0 0.0555556
A
1 0 0 0 0 0
0 1 0 0 0 0
0 0 1 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1



\a ol b gaall e iyl

Constant matrix: &yl Wdgdas eSS 1,£,V

PROC IML;
a=j(5,5,0);
BX5 4y i B shuan yy 5
b=j(6,1);
b ga '\yi@&\&)bbb)ﬂy%,@ s
PRINT A B;
:G?L'J\
A
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
B
1
1
1
1
1
1

diagonal matrices il 85ume joling dy,ked dgdze 5SS A£, Y

cor U

0 0
2 0
0 4
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Sire of cows ,4J| ;.J ‘JJ Y

Genetic group of sire of cofall Y 431, 4l e sadt! ¢
Breeding value of sire of comaJl &Y & g ;I dendll 0
Dam of cows ,2.J! (J ) 1

Genetic group of dam of coyJ! (:‘9 agly el 2_9)».%! \%
Breeding value of dam of coi.J! (:3} G g9, L) A
Date of birth of cows ,2J! 3% '@JU q

Mating bull for cows ;20 ~alll & yllall &3, \e

Genetic group of mating bu&f«.\l\ 45 pllall 431 f\.r-}.a.%l AR
Date of first matingiseal J i =6 VY

Date of conception Lz &=L VY

Date of calvings>¥ )l 5,1 V¢

Parityss ol 3 3 1
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