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>> A=[{1 3 6 8:;3 2 7 9;6 75 ~1;8 8 -1 9} Vi 3 )(‘*’
meé }’\
- posynneT mabax.
1 3 6 8 ¢2f”
3 2 7 9
6 7 5 -1 5 c,kb
8 s -1 9 \u“h Je
(°© ‘56
>> [vl v2]=eig (A} /ﬂ/\ﬂ. 2 '
vl =
~0.4834 0.7506  -0,0830 G.4427
-0.5394  -0.6605 ~-0.1193 0.5085
0.4848 0.0177  ~0.8017 0.3492
0.4%02  -0.0041 0.5798 0.6508
v2 =
-9.7820 0 0 0
0 ~1.5416 ¢ 0
0 0 7.3859 0
o 0 0 20.9376
2> invi{vl)*aA*vyl
ans
-9.7820  -0.0000 ~0.0000 -0.0000
~0.0000 -1.5418 0.0000 0.0000
-0.0000  -0.0000 7.3859  -0.0000
0.0000 -0.0000 -0.0000 20.9376
>
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Ex: Ma\hchz\cﬁfe. a 3X3 0*/&\05%‘1«1 "1%}"5)(.?

>> B=A~transpose (A)

B o=

4 7
9 ~5 0 -4 3
-6 -12 4 0 1

| -3 -1 0 |

6-:; A—»AT LSkevﬁ SYH“CMC“

hﬁ}‘vix )

>> Cmexpm(B) 5
c = c=-é

0.4010  0.6547 -0.6408

-]
~0.7984  0.5927  0.1059 e.--»o"'“‘"? “M,
0.4491  0.4691  0.7604 madtrix

>> (*transpose{(C)
ans =
1.0000 0.000G0 G
0.0000 1.0000 0.0000
0 0.0000 1.0000
>> det {C)
ans =
1.0000

>> eiglC)

ans = Aha €100V

4
0.3771 + 0.92621 / have. un! f’

0.3771 - 0.9262i
1.0000 o Aulns .

e s




EX quv\f“c}“\fﬁ a S4X4G 0*)"1024“1«.' ;mq/v,'x

>>» B=A-transpose (A)

A= B =
2 4 7 -4 (g 4 3 ,7
8 9 -5 -3 4 0 1 -9
4 -6 ~12 =20 3 - o -39
3 6 17 2% 7 s a7 0
T
6T = "6 Rz A - A o
| Skew symmepie ma hix.
>> C=expm(B) E, :‘

cC=&

-0.3440 G.9236 ~0.0184 -0.1682
-0.8511 -0.3308 0.3901 -0.11886
0.3075 -0.0373 0.3734 -0.8744
0.2506 0.1901 0.8414 0.4383

>> C*transpose{C)

ans =

1.000C0 -0.0000 -0.00060 -0.0000
-0.0060 1.000C -0.0000 -0.00600
-G, 0000 -0.000¢ 1.0000 0.0000
-0.0000 -0.0000 0.0000 1.0060

>> eig(C}
ans = ’
rgenVa

~0.3743 + 0.92731 -~ Eig¢
-0.3743 - 0.9273i A us-
0.4433 + 0.8964i moa4
0.4433 ~ 0.89641

»> det (L)

ans =

1.0000
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>> L={1 0 0 C;0 3 0 G;0 05 0;0 0 0 18]

L =
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OO GO
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>> PD=C*L*transpose(C) < {5 6‘01"1 )?ﬁ.}l

2D =

3.1317 -0.3405  2.1095 -0.8191 T . a
~0.3405  2.0388  2.1633  0.4056 c L G IS

2.1095  2.1633  13.0298  -4.5200 . ook
~0.8191  0.4056 -4.5200  6.7997 L4 mMéJ'V’C' A

})05,'})'\1@ dehbwite .
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Deltal = : Peltal =

3.1317 . l 3.1317  -0.3405 ] = 6 2_689

~0,3405 2.6388

Deltald =

3.1317  -0.3405 .1095

}—0.3405 2.0388 2.1633‘ = 54-84¢5

[§%

2.1095 2.1633 13,0298

Deltad =

3.1317 ~(.3405 2.1085 -3.8191

~0.3405 L0388 2.16323 0.4056 | e

2,1085 L1633 13.0298 -4.,5200 | 2"4’0
-0.8191 L4056 -4.5200 6.7997
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Men det B =21 |

Puef
Q .QT$I

et (@ QT) zddet 1= 1
det Q. der Q7 = 1
def Q. et Q= 1
(et Q)" =1

[det a= 2]
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o E‘}EMVq}WGF ﬁ“\. e*«ﬁﬂnzﬂ‘«qlf.

o Theorem:

-h"}"’;?‘_. ave all of Guit Wr«:w:('u/m--ﬂ-.,E

pw»,f' Let X be aw ff}mN/Wz -w.-*(
oV he e (tf,»e_t/,....,.ljua -ef)ea,w.:cﬁf




m

P

3]

3
i V=
N

9 4 0 5 471 24 4401109
2 97 7850 853703 48 2

6 94 4848 782006711

4 49 3 661 50437818

8 8 4 1 86 267 906 2 9 2

7 8 416 76296302 46

4 3 8 6 3 9 23 9 2 6 4839

0 8§ 5 3 2 5 47 780423 6

8§ 6 2 53 80 6 4603 8 3 8

41 6 1519 4416193 ¢

6 2 8 6 79 55 22 66 2 51

7 16 33 2 47 6606 6 2 18

9 6 6 8 8 2 5 8 3 60 7 0 0 4

7 2 3 8 5 8 3 6 9 3 1 40 48

Tt 18 53 7 4007 55568 7

Syme=Airans A) .'C..
iy pose( lgs\/mw\e
Sym /IS. {_—{\?"

a

18 6 6 9 12 14 5 2 12 8 10 7 10 8 10
6181621165313382410183\ . {..
6 16 8 1312 8 16 12 10 8 B 6 13 4 9 . 1S no

$ 11136 7 7 7 8 5 5 9 10 16 9 13 mﬂ}'nx

12 1612 7 16 12 5 8 10 14 7 9 18 14 5 | e f
4 5 8 7 12 1415 7 17 7 12 2 4 12 I3 Fi ,(Q-F'P'\lc--
5 3167 5 154 7 9 1111 8 13 6 13 Poﬁ) IVe

2 131288 7 7 1413125 112 9 6

12 310 510 17 9 13 8 10 2 9 11 12 15

8 8 8 514 7 11 1210 2 8 7 15 6 &

10 2 8 % 7 12 11 S 2 8 12 6 X 6 6 &5'
T 4 6109 2 8 119 7T 6 129 5 13 \[Al“
10 10131610 4 13 2 11 15 2 9 0 0 10 caeh

8 104 9 1412 6 9 12 6 6 5 8 8 16 e\‘a

10 3 9 13 5 1313 6 15 5§ 6 13 10 16 14 \

5 ¥

cig(Sym) / |
-23.9196, -18.4932, -12.2937, -11.1462, -7.3854, -6.6783, -3.7384,
29757, 9.1224, 9.6423, 13.4695, 16.9037, 19.9091, 29.9777,

135.6544 set of IS ovthogonal eigenvechrs.

e

00262 00128 02404 01701 02284 00050 05360 -0.0642 .

01025 0.0313 02688 03558 03613 01545 0.1663  0.0080 §ons o oo00s o208
04670 00739 00164 65923 00137 02889 0.0624 02236 01624 01274 01788 01900
00073 00530 01475 0.1209 06374 02295 01354 01729 03545 0459 01970 o sre
02437 02864 0094 02334 02455 01619 05412 00606 02250 01428 00915 Oary
02566 01180 01076 04935 0J508 03317 0.045 02140 00893 03118 00079 Oane
04619 02453 04087 00502 03149 GOTBS 01900 2158 0.0164 05403 01523 aney
02001 02530 02466 0.068Y 0.0893 01461 04434 01610 2669 03054 O4rs ion
OIS61 02859 05901 0.0412 01762 0.0017 01374 03579 02342 00723 03055 0o
05032 00806  0.0051 02175 02073 05319 01745 01047 04050 0.090 -0090s ooy
0184 00051 04322 00841 00410 1149 00259 0STTI 00122 04731 03464 G
G.L779 02164 00051 02178 00891 04801 01159 04386 03395 03004 0.0978 o1
02073 00425 00969 01652 0.0951 02270 00902 02993 04738 02111 03279 oarey
GAIS 05239 01871 01234 00984 03074 02186 01999 03108 0093 04107 oiens
0.0108 05992 01136 0.0968 02873 -0.0642 01255 0.0043 03619 02371 02186 .0.s0ms

o-rn\oaob\,«l mabrix of
e:‘genvechrs.

rimen




’ﬂ\e_ mq}v{x P 1s A O'f'h\oaanql M%Mx,
dot P= —1

Q=-—F 1s also Of}"ﬂb&mnq]
At @ =D det P = 1

E’\.aeh\h[“—ej of Q@ have unit
Mkam' P\ﬂ(& q"\.‘{ avYe lDCﬂf\ﬂ_ol qf-

Eigenvalues have unit magnitude:

1.0000

0.9710 + 0.2389i
0.9710 - 0.2389i
0.5875 + 0.8093i
0.5875 - 0.8093i
0.0507 + 0.9987i
0.0507 - 0.9987i
-0.9943 + 0.1065i
-0.9943 - 0.1065i
-0.8506 + 0.5258i
-0.8506 - 0.5258i
-0.4628 + 0.8865i
-0.4628 - 0.8865i
-0.5839 + 0.8118i
-0.5839 - 0.8118i




-0.1652
0.2557
0.1335
0.9758
0.0911

0.4518
-0.28606
06559

0.6274
-0.8514
0.1637

L0593

03175

0.1250

IS XIS skew Symmeic

x
Ma P x
»> Skew=A-ransposef A}
Skew =
é 2 -6 1 4 63 2 4 0
2 4 -2 3 0 5 3 3 3 6
6 2 0 -5 4 06 6 2 6 4
-1 3 5 05 5 5 &% 3
4 8 4 -5 8 01 4 4 4
¢ -5 9 .5 6 03 3 1 5§
3 3 6 51 3 0 a2 9 .7
2 3 2 2 4 3 1 0t 4
4 -3 6 5§ 4 -1 9 .1 0 2
g 6 4 3 4 5 7 4 2 06
2 2 8 3 7 6414 8§ 2 4
72 46 4 3 2 0 3 3 8
$ 2 1 6 6 8 .3 2 5.3
6 6 2 7 4 4 80 3 6 0
4 -1 7 -3 ¢ 1 8 6 -1 5§

-0.4566 -5.0490 01815 -0.0286 -0.1673 0.827¢ 02750

0.1157
-0.0787
0.1650
-8.0161
-0.3056
0.0734
-0.1306
6.5238
61245
-0.4135
-8.2229
0.1981
a.2793
0.0256

-0.2323
-B.0658
8.2744
0.1908
0.1925
8.1765
-8.0097
-0.1275
-0.0084
-0.3536
-0.3960
-0.1484
-0.5255
0.4038

00251 0.4657 01047 -0.0729 -G.0828
03220 01203 02295 01262 04794
0.5077 0.1402 02308 03619 0.0727
00844 2449 06156 02757 02893
05254 01810 -0.0036 -0.2086 0.0633
02942 01056 -B0089 0.4505 -0.0032
02078 03196 -0.1370 03328 03218
6.0635 0.1172 -0.1512 0.0472 0.1132
00351 05497 03977 04716 -0.1198
03842 03290 -0.0383 .0.2191 0.1593
0.0381 -0.0507 02602 0.1995 -0.3910
01802 01174 03317 01457 -0.4009
00288 01842 -0.0569 -0.2807 -0.0425
0.0662 02605 03063 -0.0452 -0.3501

dubbid

LYWmeP L L bPuwatny

abhLbPaLh=

03122 02372 05849 01555 -0.1329
-0.6123 0.6594 0.0802 -0.2576 0.5730
82259 03993 -0.0219 -0.0879 -0.4317
-H2780 0.5391 -0.0487 -0.06881 -0.06483
0.0307 0.2130 -03%08 0.0166 -0.1862

04218 01071 -0:0339 -0.0155 -0.0360
-0.0580
03939 61607 0.0996 03266 02714 |
-0.0867

0.0104 -83107 -0.1405 02081 -0.2148

6.1077 -6.1436 -0.0427 -D2509 -0.2070
-6,1921 62419 00400 02526 -0.2066

81770 -0.2125 -0.3723 03512 -0.1216 .
H4284 0.0855 02878 03982 -0.1751
. 0.0490

6.2852 63212 022058 0.4165 0.1531

02962 00798 03917 82489 03203
- -0.5609

-0,0866 02777 02142 0.2922 02229

{

4 6 81 >> elg(Skew)

6 .7 3 1. +27.90974,
o 4 1 | +19.9418i,
o s I +16.9653i,
+12.4824i,

0.0224
0.4442
-0.3968
0.1445
-0.3%09
0.1577

0.2569
-0.0296
-B8.1677

-0.0435

Al eigenvelues

o ?ﬁ‘
have 37 N
i,‘.-(r

-27.9097i

-19.9418i

~16.9653i
4 -12.4824i
&l +7.2754i, -7.2754i

5 3 3 +4.5154i, -4.5154i
82 +2.5339i, -2.5339i
0 o 6.0000

02674
0.1566
0133
01492
-8.0027
0.5361
0.4985
01396
0.2768
2.1262
0.1286
01622
0.4057
01120
01168
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Prof:
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A e
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§-30

_Eﬂﬁ%:“ D
- Inverse of o mahix 5 uui 7/11&& ,

Pu %Sw}/me_ CBoad ¢ ave pae

mefs;;s_ f o m}ax A ;Q“

4B=BA=
pczch= I /’3*“

A(B-<)=@-)A=1- =0
" BpC = B-c FO '

Hrawe vev

% (s =

= 47 a(3- c) plo= 0o |
=> D (B~C)=R-C = 0(Z4)

) b G e conbadichry

[HCh e R = .
17
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Example :

@qumﬂﬁfh“&. A SXS SymmeMc mahx
A' Cﬂ,c'ta!@te e el‘\jcmvccﬁr mq}v,.)(
P awd she that PTra ppToT

@ﬂe/?e,at @ c;_sj\i«u‘wa A s Symme s c
an }wwih\&. Ae i fe.

@ Consider Ne 7\.6‘0/%})":. fies

(0 %2 %3 x4 xs) AT =0

X2
o
b
Xs
Werte oAown an ?M‘to/ﬂ}?\g

8%015‘}93&4 .
@' Pehee new Vencbleo (Y“__.,. )/S_)
Such that B 18 Pensprred as

2. 2. L 2
X,Y,Z‘P__"(;YJ_ _.'{':"(_32/3 t4q Yy t4 Y5 20
CThiS 15 an cll:fsw‘a& IR,



Step 1: I am writing an arbitrary matrix ‘A’:
>>A=[246593851943571;553189;31876¢]

A=

W W Wi
Pt L0 3 QO B
QC =t Ut N
~1 Q& -~} -
SN ND ek D D

Step 2: I am symmetrizing the matrix ‘A’:

>> A=[A+transpose(A)]/2
A=

2.0000 3.5000 5.0000 5.0000 6.0000
3.5000 8.0000 4.0000 2.0000 5.0000
5.0000 4.0000 5.0000 4.0000 4.5000
5.0000 2.0000 4.0000 8.0000 8.0000
6.0000 5.0000 4.5000 8.0000 6.0000
Getting rid of the ugly decimals:
>> A=floor(A)

A=
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Step 3: Checking the eigenvalues to see if A is positive definite.

>> eig(A)
ans = -3.120, -1.1157, 2.1822, 6.3872, 24.6669

The conclusion is that ‘A’ is not positive definite.




>> [vl v2] = eig(A)
Step 4: Calculating the orthogonal matrix of eigenvectors ‘v1’

vl=

-0.7275 0.5023 0.2473 0.0649 0.3911
-0.1431 -0.2325 -0.3451 -0.8112 0.3853
0.3243 -0.2169 0.8188 -0.1580 0.3903
-0.1686 -0.5996 -0.2316 0.5436 0.5127
0.5627 0.5358 -0.3093 0.1316 0.5323

The diagonal matrix of eigenvalues ‘v2’.
vl =

-3.1207 0 0 0 0
0 -1.1157 0 0 0
0 0 2.1822 0 0
0 0 0 6.3872 0
0 0 0 0 24.6669

Step 5 : Similarity transformation with orthogonal matrices.
>> transpose(v1)*A*vl

ans =

-3.1207 -0.0000 -0.0000 0.0000 -0.0000
0.0000 -1.1157 -0.0000 -0.6000 -0.0000
-0.0000 -0.6000 2.1822 -0.0000 -0.0000
0.0000 -0.0000 -0.0000 6.3872 -0.0000
-0.0000 -0.0000 -0.0000 -0.0000 24.6669

Eureka, we get a diagonal matrix.



Step 6: Checking to see that ‘v1’ is indeed orthogonal.

>> transpose(vl)*vl

ans =

1.0000
0.0000
0.0000
0.00600
0.0000

0.0000
1.0000
0.0000
0.0000
0.0000

0.0000
0.0000
1.0000
0.0000
0.0000

>> vl*transpose(v1l)

ans =

1.0000
0.0000
0.6000
0.0000
0.0000

0.0000
1.0000
0.0000
0.0000
0.0000

0.06000
0.0000
1.0000
0.0000
0.0000

0.06000
0.0000
0.0000
1.06000
0.6000

0.0000
0.0000
0.0000
1.0000
0.0000

0.0000
0.0000
0.0000
0.0000
1.0000

1

0.6000
0.0000
0.0000
0.0000
1.0000

=1

XXX XXAX XXX XXX RN XXX X A XXX X XXX XXXXXXY

Stepl: We want to write a symmetric positive definite matrix.

Let us start with a diagonal matrix ‘A’.

>> A=diag([1 2 3 4 5],0)

A=
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Step2: Let us use the orthogonal matrix ‘v1’.

fn }M_‘)e. g 35 .

>> vyl

vl =

-0.7275  0.5023
-0.1431 -0.2325
0.3243 -0.2169

0.2473 0.0649
-0.3451
0.8188

0.3911

-0.8112 0.3853
-0.1580 0.3903

-0.1686 -0.5996 -0.2316 0.5436 0.5127

0.5627 0.5358

-0.3093 0.1316

0.5323

Step 3: Construct a symmetric positive definite matrix ‘B’.
>> B=vl*A*transpose(vl)

B=

1.9991 0.1574
0.1574 3.8599
0.8759 0.4713
0.4922 -0.2335
0.9745 0.5890

0.8759 0.4922
0.4713 -0.2335
3.0723 0.2937
0.2937 3.4050
0.1460 1.1284

0.9745
0.5890
0.1460
1.1284
2.6637

Checking that ‘B’ has eigenvalues where it should be.

>> eig(B)

ans = 1.0000, 5.0000, 2.0000, 3.0000, 4.0000

Removing decimals frem the matrix ‘B’.

>> B=round(B)

B=
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Eigenvalues of ‘B’ have changed but they are still all positive.
>> eig(B)

ans =

0.8256
2.1219
3.3697
3.7228
4.9600

Thus ‘B’ is still positive definite and symmetric.
>> [vl v2]=eig(B)

The new set of eigenvectors of ‘B’. The matrix ‘v1’ is an orthogonal
matrix.

vl =

-0.7292  0.3953 0.1902 0.4589 0.2554
-0.1641 -0.2654 0.4030 -0.5618 0.6516
0.3353 -0.4502 0.5146 0.6349 0.1303
-0.2396 -0.5676 -0.6871 0.2154 0.3192
0.5210 0.4984 -0.2540 0.1557 0.6256

v2 =
0.8256 0 0 0
0 2.1219 0 0
0 0 3.3697 0
8

0 0 0 3.722
0 0 0 0 4.960
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