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1 Definiteness of quadratic forms
2 Non-negative matrices and Markov chains

'QQ/V‘CLO ’ A N Mo-\-\‘,\

— e\%«n veckers axdl €lge value ‘

A Atagenalizeole \\T

.\) \'\-QJ‘{ e {\B\I\\I&M
‘\.\) Meore aree v WL \ndap.

— o\mﬁoaqu?:ch;n =Y A

i \f\OU-B At() C'OMQ’VJ‘—(

Srienveciss.
AT b wmR Yoy Y Mad cane s (PAP =D
X Moy Aasas
’ b= (Tn2)) /P t-tw)

@ Dc&{x\w o} auadredlc Lo ns

Fown Aeoan VA n vercaldan

'@(x\,m_,,.,,\,g =  woed Sl

ew rNM\.O\

— ]

X
A Y
. o < + £ XXk
Plos 2> 4o Ms g 2
A L_’-—/—/ l W [NCN v\ (S Cl'": Qld.l./)
SR N VI G IOV WU YV
whne,  each, Yoo Vs Hegwee tasg
T
'Q(k\ = Oo-.l*bx +~C_ 'QC’\\ = Q>
?—*\‘ - Aradrukie Kn . q_.uow\'t fonn
Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School
bttps://www.dr-eriksen.no/teaching/GRA6035/ MSc in Business/Finance/Applied Economics

https://wuw.dr-eriksen.no/teaching/ELE3781/ BSc in Business Analytics



Lecture 5 GRA 6035 / ELE 3781 Mathematics

2 .1
T N )xl O S&\Lm-b
n=2_

E- 'QG‘WB\ = )$1+ “\5(\'} - E}t

= 2=+4 = o
1{‘\3: k—\K-‘L\J:‘—Q
w e \newse
v Vv

Mc\\-u&:. Toc ol a(uc.okrc-\\\c_ Qe,-u,,

—

Y Gawd=con ® o Stdeses ¥

. (‘ e \cind o\ shek- ?)‘-
\9 "((OrQBT— O V v c;«\ -. w-ﬂ--n\ vaan b

Sedale x?

k\
x et >4 <+ \2* \-’3\
(""‘zb 25~ K \ VAR 3
Gy —2 i >s “« 2 \sx.s.'l > jﬁ"&
Y ey =0 X s
B2y — \57' keconn s — '\ A@*”{) —Vb
Fack . P\V\B W\\‘Q Q’er‘-u\ —‘-L\\)..,K,\\ Co. oe a e
[ N N Kx\\
&Qf_\ el X * P\\zs_ / ?_<_= e
'-ch @ wasae %Mn—c_*r:c. it vaaalrix A .
'5‘*'.: A2y
I's '1 1
E’L" -@(»\\! %\ K -&qu;— ZjE‘\‘ - 3z
X X L' 3 O
; ) peig g R= N v -y
é’(%j Ly = 0y 3 \t> Y
'%.1 o> (%) s\amwg\w\g
? i (32) kel se o A

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School

bttps://www.dr-eriksen.no/teaching/GRA6035/ MSc in Business/Finance/Applied Economics
httos://www.dr-eriksen.no/teachine/ELE3781/ RO R ol A e



Lecture 5 GRA 6035 / ELE 3781 Mathematics

Dot Lek g(k\\-.b\\ be a strnkt\t QGM

Ule Saﬁ\\c-)\z

L

vy £ hive dudn (00 - ) wnigne
) = a=p ) Aldeal win

‘\R "Q(’“r—v’*«\)O
{ @ ‘( ’%r al i L\.\;-v)(n\#'ko(at-vd) 'Gur 'Q

ot ) ( Ms‘-\\vq U -

S, ye B Lo, o/~ 0'\ WN
o, (é\ \\- v@(xn-'/\ﬂ\ 40 Q&kd\a_,\ AR ‘or ’k
r adh xinxd) €(Ge,--,0) .

eos\\w&
}\\) § pame oA g (a0
0-06)

Po) LA Q""*
(LS Y Ao er %\ et

al k’\“ ¢\A\

(0o \V) Q (\Q%Q.,'\\-Vk MM"\ S (Q, 8, -2 Q\

@ \\ LG\ = Q 3\0\-‘)\ wax for &

Car ok UsieorXnw)

v) L nddeile L o p (60,..0)

Llmeon) S L Saddl pt- for &
‘bdw wg\\{mi - N ———— -
X

ne.\\\_.r ?c&‘t\kw Yol~ 3,
ng,\uug L E Y. SV

[

rt-¢3

L .Y

. ﬂ) \!

'_’-\

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School

https://wuw.dr-eriksen. no/teach1ng/GRA6035/ MSc in Business/Finance/Applied Economics
httos://wuw.dr-eriksen.no/teachine/ELE3781/ RCQr im Ritainoce Awnalirdimna



Lecture 5

GRA 6035 / ELE 3781 Mathematics

W&h "Q“r' MM—‘Q \l\"\ MM Cc\a.s. al Sc\\

T
. . wo k R H?.c_
LG 3:‘-"‘*‘ > B axa sy = Ll
@ PSS N PRS- Y o L =tsnvalas 'O'\- A.
< A ar j'r__'s_sji st

?m\‘\\-:v-& A,

A, AL 5D FO =D il < ahe
PNy AP Z O <=0
e \‘:’(— M\\ '
ARz, ., P <O +—P - o \
v SO dJJ\“\-‘
B2y -, SO =D et h
ol a Cavagh
(Mese, are T2
G mag . erpAvalur)
\ QO o '3‘\:\\
S S\ o A=
am— ———— e
- L QY SN S
&L\“\li\}é wshan ?“
Uiy ) €000 0Y Bl
L Geqd = X =% +o% 2 0 X ALV O
—_— AL E T
Ko, N=\20
Lo, =A< O q'.—‘-\e S N=xT p
=T
=-
Counw) = L\kﬁ B = ( Az

eV WAV
= ﬁ = M- L \ ( ) S(v\ce. A & o\ways s»w..«u.,\{mQ
= )_Lz v \“2\1\- W W cen diePaaNEL S Sak iy 2
Cadlig— — \V, S ot = L% Y Oy
A t o &-('m‘S\ = AW e B

A2 Nam-

Ure, Qaa, , Son G Vew vmaJQ\ILQ

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032
https://www.dr-eriksen.no/teaching/GRA6035/
httos://wuw.dr-eriksen.no/teachine/ELE3781/

BI Norwegian Business School

MSc in Business/Finance/Applied Economics
RSr in Rucinece Analirtime



Lecture 5 GRA 6035 / ELE 3781 Mathematics

e M
\ \ese. w0 e
v (eal  inors 1 Wwers w AR
(‘/\Q\PK S 2 oS

_ Oz \eadi\y

><ac~w--
el K \: __\2 Q"—\ f"'\nuck
2 ~rnmors Hl_‘_-l\'?- = 2L~V aer
) _ \ ~\ - ot A
A Lwiners Mayes= | N 2\=
/:.
(’1‘3"5’\ \Ortnc'\ex\/a PG e
2~ weraors Moo= \ Y .S\ =5
0* (L8 > LA

e W T ovwsAael

De&-\ A Frir\g\rq,\ C —vA\ngl G\T P\
dk \\1\ Qtlf-: ﬂx.& wibhh X = 3 e

We. wrnile Ay Lor Preasapd

= ninaf S

A \-ea&»:s_l) f\\'\c«;—-\.\vm,\,{- o AL N
| 2 My uIt W '1':\\111wa

H},\.L,..,r) LWy}
(v /’W\\ qf\'.‘u.‘ ‘(‘M

QMUJJ( v N Aen .sts\"""‘-*\'”"‘:L Ve Mt -Q

D\/B&/”:br\)O a=D A (\:&- .

Q‘O,“&)Q,b&(ﬂ,... F ﬂ neg - d-L\“\‘

— ‘g ——
O D Po
gr L=\,2)~-/“n

chi *LPV-L oh'h/

=T -((\L'M-L\= >}*’3\5L-\-1} — *3"/ —_——
* \ =M O O\ = \»O‘/ Stince D\,ﬁ;,b;§g
A= Pl Oy = 3-CRAT WYy >V
m. \P\e 03_*\ DL ,_\\/\ >° v
Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School
https://www.dr-eriksen.no/teaching/GRA6035/ MSc in Business/Finance/Applied Economics
RCr in Ritcirnoce Armalirds e

httos://www.dr-eriksen.no/teachine/ELE3781/



Lecture 5 GRA 6035 / ELE 3781 Mathematics

:E A =-\
Q - -
Ex- e(: _x“bl_'&z‘l P\ = \ :){2' \
- nega. Aot
v = b\ = -\ M%u\\& M .
AL = Dz="%\ = 0= i - o
3‘\%‘}3 = DSF:_-— ’S = Qf-\') (v\.‘\ ('--53

« - » &' “ t
R VAPS W <2 .\(x\ . \
M\ A Nren SV =

’ ’ A \ A&/"’/A Ww>O for alk po\'\\'\:‘*‘ §:;

a=D
P lncr ¢ Al WAoo

A\SA, D20 -~

Lor o tﬂ\nc_{‘-\,k V"\\\M <x—=b
\[ ey E

(.\){. A-\ } o k" “\ :V 2, ~ N

A3 | ﬁn‘b,\'za';\"\ =0

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School

https://www.dr-eriksen.no/teaching/GRA6035/ MSc in Business/Finance/Applied Economics
httos://www.dr-eriksen.no/teachine/ELE3781/ RQr in Ritcinoce Awnalut e



Lecture 5 GRA 6035 / ELE 3781 Mathematics

S Bdueed ol exileri- -
A oA 5"‘”"’““" m
waskv X :
D~ ~

Pa\. POV, Vg

33(;" OL0,,. D20 = A
B\(G,DL)O':-—L

Y
c_"\)r‘B(\>o = A ﬂ(a\ thn
: . yMA=r < n e
Rivmontoes:

P

- x‘t‘\"ca— -~ 2w

A

Ex g (>'~\ \’)&-\

" '\\L‘,'L
oSN\
D\=l>o =0 FE - oot

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School

https://www.dr-eriksen.no/teaching/GRA6035/ MSc in Business/Finance/Applied Economics
httos://www.dr~eriksen.no/teachine/ELE3781/ I QR T BRI 1 T s Ty e C A Py S v



Poct 2.

Lecture 5

GRA 6035 / ELE 3781 Mathematics

‘HGM.\

@ Deliwlinesy O’g e‘\m&fdc'q. &.—mﬁg . Mes e xonpls
@ MO/\—wgso»\\;-L wedkAces a~d Hackev clrains.

@ Ek@wf\w . M"‘A"w

a.) & = 73—»«“\%3-\'%%1

-e%ug'-ltg,'**?'?}
e 4« D e[ %0
k: 35 -l O e 'bo.‘-("\_QD
4 -9

A nafke

-_—

L
b) &:. 17:7'.;-\:: -b?.‘LL’{'UJ
L2x =Ly

A?o$.'&v~~*'~\"-"' A'\ZO
k“’b JY {A\SO,

A Z0O,
Aq S
Lq_,h\)-n. ( O
&
st

e

Yk A= X < =R
§ eee

A pos. Sentdulonle

M= 0,0,0,0 20
'-‘ ~ ~ =2~ <
f-\z-‘?O,L‘: °\_ot \ <O
PERTA

@ D

—_—

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032
https://www.dr-eriksen.no/teaching/GRA6035/
httos://www.dr-eriksen.no/teachine/ELE3781/

BI Norwegian Business School
MSc in Business/Finance/Applied Economics

RSe in Ricinece Analutime



Lecture 5 GRA 6035 / ELE 3781 Mathematics

@ NO'\ -Y\ﬂ-‘b‘dl:w wa deteen a Mo clavan

———,

Qu O, .. Q, - . Qkk
Ded: A=\ o A ?c%t\«V< w ey o Ao
: Ay a'\q_-—w m—
nxwn L ad wanAke ASO
u,4~ker. )\ )

. . .e {
A == vwsr~regase X O“XBQ *

asie L") 5 G‘__.k wd\-& A)O

- Qy -
Medeon crates: 6?? 2
\
Sheke vechor: @, & @

Ve

V\ V\,")V“?o s @
V= Ve VAV 4 AU, =\ @ -

Wt hiem  neertix

.. Vunomare Q-'A“'"’“‘;"‘:
0w -- Qun 02O Aot ekt - A v
A=\t "< i QuyAagyr- 4 Gy =\ for aik) Vew = -~

.= On _
o.‘\\ (< ! C“ ANAA \nan S~ -\\

ha 8 Tegules Kgem M h>o (MQ\.?Q
M—(‘w CSWna~~ S .__\hf

Db ) N R N~ O & Teautoar .

Can P& fre— ey e e O
nedt  n o ile no. ot Bhers

[ Tan .
L a— L 4
s Gonid o 'rqﬁf’kc‘- Worlwau dnannm ,
watkigWaty A 5 aul oW evpavatun ®
Nowe \a\l <\
@ Huse Vs & vyt agavedor v ot A
WAV alganatat AS\ Ak w o Sabe
Wao R
@ Tor oA atin He Yo 1W<
W A =2
&,-op S
Ve . *
Wt > o <otk W aguililee
Sheke |,
Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School
https://www.dr-eriksen.no/teaching/GRA6035/ MSc in Business/Finance/Applied Economics
httos://www.dr-eriksen.no/teachineg/ELE3781/

RQ, 11 Rirctrmce A aleetd e



Lecture 5

GRA 6035 / ELE 3781 Mathematics

Eromile s

Ao

6% Oo'= O
R= o 0% ote
o o.\ o o.

> (e mees)

Mooy c.\aq.;f\
w\‘\’\- ﬂ> O ‘s

s?m':q\ N
oA Dp e\

*ﬂs!i\~:ﬂ- wek . Cen }h\a>'C)
N \ngare~ (Pesvon) .
® ReD S Moase & O Aot
- \ C>$\7>C) 49* MMALL&\f\\G&:)ﬂL
41\8u~
3uasa Mnak - sy \ A\ & An
" aney o\ -L;.g\n\f&uk Ve “&“\\&A .
) e o umi veakor Va Wak & o~
. elegreater Sk K bl migaela Ba Sel e

Va2 od wit o =V

g O\ >~
ROLERYE T3\ < An S W a
l“) e, e

s
Thn (FTQ\M'&‘\M‘)
Azes T st
W A e trreamedde R B
Vos A douanals  engnveiet
O Mg S e '—R‘d‘"mg,,ofﬁ
W e & o Iy ek =“

Mok ‘s o asgmverter
gl e

Y \owwh € D € Watar A
o\ - S

A Wetdanci\S .  waon
Ak e B A degstac
1-61\—0\4:9-"°‘M3“S

wilh | o, ¥ o
AUz

Qi o

»gr o~ (1;5\

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032
https://www.dr-eriksen.no/teaching/GRA6035/
httos://www.dr-eriksen.no/teachine/FLE3781/

BI Norwegian Business School

MSc in Business/Finance/Applied Economics
RQ, v MRrrctirmmce Aanalacd? an



Lecture 5

GRA 6035 / ELE 3781 Mathematics

P Mov\lou  aaon
Exe—e
%Yo

uS 2, g9

= 6w O6-z o\
7—0/0/ P‘= o9 .6 O..\)
\ 0.2 92 oR

le
G
[ W\A.u Onoin
035]0 S_%:—
wA
wel%) 5. Aree

A=\ W\t ""f"'wu

—o @1 &L\ 'S @ e L '1413
- KM 2H))- @

06,2 6.1 0.0

= —=u %

@
U ( 1\ By *ST=0 =0 3'75=§1

S?.( ?
\bra
3%l a2 [ %
Ve sz(g) =3 \s 2 fres
z 2 ?
-—
Bose : \__/!"1(3 - chf Sx|g « = Yy
(%\t
3 E-f + & = \, 3 =, R
B 7 —
2 4+s+R=l6 =& =
’s% ~a L T 2
(=R = V= (sllk, She, h"\
— %
z= 8{ (L':l[ 2
Eg -ghk .
S \
V = L’S[(b) [U’ ? ‘L\
—
 em—

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School
https://www.dr-eriksen.no/teaching/GRA6035/ MSc in Business/Finance/Applied Economics
httos://www.dr-eriksen.no/teachine/ELE3781/

RS- in Rucinace Analirtine



Lecture 5 GRA 6035 / ELE 3781 Mathematics

QQM/\c»\r'lb% Wor Maskov Mainn

The precie cdakondom 5y as SUowt:

N MNMacboo SAham  wveokrix R\ <allud\
2guler W daoe N an theg € suda
& Yor  <an T T N
doney olar med . exadly S Sheey

%s ALans

__——

S, e
wr  g=—p AT s a fo%
AN ko .@r@u—-&

"d'*«/r 329
(Lo QA enbries
AS A8 v\‘x\‘c‘v&\

\ee HAJ"LQU
f>o f"ﬂl\x D el cMas

Cax ay>B)

e | A Q
Eﬁ'- P‘:\E%\ O\ 0 ,\ & O\ (o \\ =X

[ &__,_,.: P}“ N‘~A=I‘A = '=-(
\ \2'lo \OX
« N 2\ = . el = © A
. =pN-A=3-X
s nak Peec K

\

Yo Qen G ree oy et \.%e&w(ﬁe&
bk Mo Av\o\/\\tqgr S < \\J‘QMC«;\I@

e By s bo o SMur el W eacey S Shepy

( (L, 25\ 1 add ne. ahps \=\ 292 + even ne. e )

Eivind Eriksen (eivind.eriksen@bi.no), Office B4-032 BI Norwegian Business School
https://wuw.dr-eriksen.no/teaching/GRA6035/

MSc in Business/Finance/Applied Economics
httos://www.dr-eriksen.no/teachine/ELE3781/ RS, in Rurcinoce Awnalatioa




