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ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

nAaTIONAL

PLA-4: Shao +hat if A=[&n>, an] €R™" and B=Cbi, . bul ER™" then

n T
ARY = %Cuba

SHow 13 B= [hi, -, bn) . Then

i T
= > @ b: @.E.D.

[b.. o bp
Then BT = [ ¥ -1
bin - E>f’"/

Qu -~~~ Qun
Awd =[—al1 “~;an]= : \\\

Thioes /

Qs+ Qi Y| by -
. 5
3

ARTes 4 0 Toledfapic (%, & |
\Q"\l - - -Qmn 'Om g bpn

- n n N
= Gkt T = Quibp

n : Y. n
L — Omibiy s ;amLLPL

=

Quibiy ~~- Ouzlo[:a "

~

by N

: T
Amibiz -+« Qunibpi)

|
-,

= ia«:bﬁ : GED.
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Q2

NATIONAL

Plii-T  Prove +he Jtollocoms eguatien ; Suﬁooae AeR™" ;s hon@iylgl«davk omdl W & VU eR".

I VAT w = -1, then

A"‘luv.T A—| .
I+ VTATT A

(A+ w™)' ' =A"-

PROOF‘ Conerderin ¢

(v~ B

— AN — AAT W TAT WA - WTA U U TAT
I+ VTAT K I+ vTAT ® /
WY TAT Ta- _ OTANW-uw AT
= —_ wwv — Saa
i \+ WTATT U S i I+ FTAT W o

The reaseon wzfqﬂ we can rewwite sthe flast fepm m #he egatzan absve

be  dhabt TTA™ & —> xnxnxnxnxi = 1x| s a scalar . SThus
1+ WTA W 2y -
eg.en =T = ogmmg WA F WPTAT = T
: A
<7hes ?m/o'la,es. +heot /
o oa-t_ ATuBsTA™!
(A+ wr-m) A AT Q.E.D.

P1.2-2  Shew +hat :f SCR" is a SubsFace , then dim (3) + dim(S*t) =m .

SHOW = let S, ~,mi be the e‘r’l‘ﬁagonal bosig ef B™ sl witheuwt losg Of
genemlrtj , assume dhot §Ui, -, Vi i +he or’ﬂxeg&nai basie ef o

And 4he cu&kj 'Hvivﬂ we need to prve g g = Spon §lh<ﬂ, $E Sy v‘mi

/

() Fow any K€ S*, XxT-¥. =0, i=t,ou R, #hus %€ e/pamimﬂ.,nn}mf

2) Fov MJ XGSFOW\SVK-'-D“‘/v'mi K= % 0(;‘1}';/ N XT.:: £_ Xy ;T

=R+ =Ty
2 K 5 m ~ K N
A fgyv He S . ﬁ=d‘;_—_Z] F6~)j'j = X j: %C+?<:-]93‘\d§l63,-l}j = 0

%€ gl . Anel  Ahs pmplies that S'L‘—'&PD‘Mgl}Kn,“*) ViR

And Him gy + mm (§*) = R+ (m—k) = m Q.E.D.

/

/




P
A
nNAaATIONAL

Pl B=1 &ufapose AeR™"™ thae positive c@bafo;:al entires . Show that /}@ hoth

Hcmewokk noz 1 makrix eew\{aumaen& Ben m. Chen/ ©3a

A andl AT are aé&cye'na»é{(/ Aominant then A is positeve lefinite

SHOW:  Firsbmest we are goiyg +o Shew +hat
L1: For a syl modkrix Bae R™" fas poettive a@&:«jonwf entive€
Aud B is also agonally Lominend” . Then olet (Bn) >0
SHow: smp1s FOR n=1 . Let (B) = bu >0
STEP Dot Kedomio [Hiad for n=m—t , det (Bm-)7 O

STEF 3: fFor n=m. Let

bn blz Saasie, blm\é /
%m: b:)z b?—l ‘\“ b\sz ;//

2 <
‘ < !

bvm ‘Olm R 3 b\mm;

Then witheut leae  of 89‘“"“’"’@ Amaime b“'m“x(b“"’ el )
(bn b\z [~ b\vn
s

d,et (BW\) S b|z blz e bwf,vn

=
<

2 N
b\m b?m e L'mm i
£

‘ bu bn TN lo\m A
O b ____E ‘b do b L\z
= Mok | 22 2 s 2m™ “bim [~ ss by
; bu f
f E i < !
io bem = £k b= 2.
™M 2 s~ - Dmm il HV\/

b b -
éoqe.k { _ }:)b“\oqei(sm-l) -~~~ (&)

0 B «
7

From Q) , W g eq&\t‘ to aee that Bmo it ngm@i‘fic;

4 2
Anel sl oy z+¢

o T z o
biv = b e ~ “bu bn (b“\biﬂ i1 — b1 i'H) T
Thts VW\P\::& +Hhot -BW\'l hag pesitive O&ijom& entives,

And  for the L .th  coluwa Sl Bm-(

i b\ S . bg (2 b\‘cH\ ]
L; d*t L [;) +1 Tt boed d%‘.—. b“'H’J o &Z#::‘_b\,\;
JETH JELH

= Chetr vy = Z b"“'J)"’ b L‘H(b“ .y Z b"\‘ — by v ) z 8

d:&u‘H




\-\\vwn_wokk no = 4 mebvUx e,ewv!mxaru&n& | RQ«V\ m . Chen

nNaTioNAL

Appliest the ocszwmption s qtep 2 4o ep.c2>, we howe
et (Bm) = by olet (Bm-1) > 0.
Thus  we cewmnpleted +he proot of L1T. /
Then it fs casy to see +hat all Leae@cvﬁ miners of Bn >0
Tlas mplies that Bn s alse a positive olefinite matrix .
New , we ave Weaa(j o shew the swn Setement o Pl‘s-‘]~ we  see that
For amg  X®© ool xe& R" /
2XTAK = XTAX + XTATX = X7 (A+AT) X
Simce A hos pesttive oQ;togwu,Q ewtirvey , SO dees A+AT |
CATAT is sywimetric bocamse (ATA)T= A+ AT
omd it s casy = Shew  ATAT is alo diggenally domineit
if both ASAT are dogomally elominant . /
A Hhion from L1, we &'V‘eu\? thest A+ AT s p.ob
XT(A+AT)X >0

S XTAX >0

Thus , A s @« pesttias Hef tnite  wvmak~ing | Q.E.D,
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HomeworR  mos 1 matrix computotions (544 Ben M. Chen
Pl.3-4  Show that the J:Q“O\A);nj subsets of R™" are cloged under inversion:

Q) F)bsi‘l’fue &efinife mafrices .

Show @)z Assume what A is a p.ob. matrix in R, but A™' is not puol
| Simee A e pod., hat is for omy x eR"
XTAX >0 AND  (XTAX)T=XTA™X > O
This implies that AT is a p.d. matrix . sevoCD)
However , tjf AT ig wot a p.od. moedyiX , there exists a mon-zex(
vecterR  YeR", such that /
YTAT'Y <0
but  YTAT'Y = YTAT (AT Y= (KTY)TAT (ATY)s 0

Thie irryaltes that- AT /s rot <« p,a& matrix . - (2)

Gro amoe cz) *QUQ mﬂl‘d‘. .%3 A‘" 3 P‘o( a/no( Stehset @) 8§ c{osecl

C) unit ‘h‘iovngu\wr motrices . (we °’”\l’j preve the uppeR Wcam&wlalf“)

Shew o) let A s unit  upper viamgular  owol

L) 7

b b [, @) [o Z”W 0)
< o 3 !
) L 0

A—' =R=

BA =

!O\m . b"“ 3 l)m il me ‘Qin |/
Then we howe bu=1, bu=bu= v=bn=
We yewrite
[ BT [l QTT [ QT“FbTAn-,]_(I o
RBA = L 0 Bn-w] | O Ana] i 0 B,,_’,Ah_‘) O Tk
e Ve \/v—"
Then we howe biz=1, L3z’:ba.z‘=“‘=|3nz:’°

With the soume prececture , we well howe & wnit wpper *Y"CO\/(\JM«(C

motviX B =ATY FThus, sSubset c) s elesec. A.E. D,

QED

Y




ETS 5 SQUARE
S 5 SQUARE

T
ET.
ETS 5 SQUARE

NaTIonAL

Homeweork ho:1 Mok riX osm:auhaxte_ns. (544 ) Ben M. Chen o5
Pl4 =3 Show that if A€ C"™" s Hermitian. then A =P + i &, where

PT =P € R™", —@ =@ ER™" , and i* = —|

SHow: Simce A is a complex marniX , we can write

P+ %y - ?\h*‘i‘gm
A= N : :

e <
~

Pm'!'f@m e (Pvm"’l‘g,.,,

Pll R Pln /gll Fos Pon

=1 2w tleget % b =pHia /
Pn. “"Pnn, 2\01 ; e (g"‘“

?u —f»@., T P“L"t‘@n!

AH= N < 2

:Pm“\’gln i 'P“h—l\'grhn/:

P Bl GBI
=l =y 1 =Pi-&
P -~ P (B~ Tun) A
A
Anddt A ‘e Hermitiam -
A=A"=Pra=PT-1.@"
Seo, P=PTeR™" ond -QT=Q <R Q. .E.D.
P2.1-3 @ Verify that "1 is vector nom.
PROPERTY 1: x|y = xil+ -+ Ixnl =0 1f x20 ond Ix[,=0 if x=0 |cuk:
proPERTY 25 X+ Yl =[x+ 4+ oo+ [ X+ 4ol /
< 0]+ ]+ ot XL+ Y] 7z
= (I%ud s 1xal) + (1l + =+ 190 = Il + 141 C_:H_LCLED’
pROPERTY 33 [ XX [, = ol + ~os + o] |
= Jotfs Xl o 4 o] x|
= s (1] + e ixal) = [ B IXNL el

Thus |

'Hf 'S & vecktoR Mnerm. Q-E.D.
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ot

5 SQUARE
5 SQUARE
5 SQUARE

arndaw
A
narioNaL

P2.2-4 Vem‘jg (2.2-9> (Hint: HQ“25”A”2, wheve @ is any column ofA,) 9/

cz-2-9> A=< Alr sdw-lAlL

VERIFICATION: et @4 be the pP—th column vector of‘ A ool vector X

T

X& [0, 0,1,0,--,0] = AXx =0 & WX}.=1

P—‘th
Then fYDm cﬁefiwitfon o§ HAll: , we have

|AX =

i P T, it
P Jhagrano el R WP TR /
“A”F T 'a‘J[ - Jg= = d’ /

n 2
= lallz =n-llall;
=3

Then , we have ”A“F s al. s veial

From +he |lecture on o8- 31-08 - weeﬂwe&cﬁmﬁ) we  howe
IAl: = &2

“A H}: = 6%+ G2 4 4 G/(Z ¥ =1
NAll: < IIAHF
Thus , we verify thot

Al STAlE < a-IAlL O.ED.




HeomeworR 02 modriX compitotions, Ben m. Chen

nNaTiaonAL ™

P2.2-7 B Verify Al =mex 2 jazg|
SHOW : Aceordtrng o the  Lecture, boe e

IAlle =sup  [JAXIleo

"X"oozx
axlles = mox | = ey X5
S max \élaﬁjl‘ﬂxﬂw
n -
= mex ugllwﬂ
1AXlleo s max = | aig] for oy Illes =t

Let & is +he molex efﬂ»e. oW of A, which has

2 a1 =me

Ad  X= [stgn(OLK\);,“‘,Sfj"(OLKn)JT i
wheve sign (cxnj )= ? W ek /

~1 > Oucj <O

IXloo =1

Av Sl , o -
IAX oo = mox 25 lagg | = = Jag;|
v g i=I dJ

Ll ’h -
ol IA oo =moax J}=:' loij | Q.E.D.




HomeworR — mo: 2 Thedvix  Computodions Ren M. Chen

03

ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

FZ‘Z—-Q bl Ve;rif&[ c2.2-15)

7= Al S HAN= < - IA

VERIFICATION®  Fyem Pz.2-4 , we howe

AN = llall -~ v~ cH
Where a s any  celumn @f A. Al assume ki the tndex
sueh +hat
e m
E_Z\QLKI_—_ max = |azj| = ||All
L= Jd =1
Fromv €Y, we howe

1AL 2 (= lowel? |

t=i

" . 2 k N
z ‘[g‘ ‘QA&‘] /Y’ﬂ/ (com be rzmaueoQ m"j bj ol
= AlZ/m

Al 2 e - UANS

I
=
>

S IAIE S Jn AT

me PWR\&M 2.2-4& , we howe

IAl. < IAlE < ST~ INAIL /

Wﬁus ., we Howe vw[/'ie@( sthat

7 1Al < 1AL < Jw AT, Q.ED.

luckcen )




Hemeworb oz 2 Mmockrix Oemfwtwwe | Ren M. Chen

04

o
.
nationac

P.Z.Z-i ) \/k?,«.«;‘f&i> (2-2-16)

lenz = lAle

where B o~ Z owe w*i-keﬂanozi mabtye X .

VERIFICATION = APP‘H +he Singu,(cw value o(ewmpegi;t"éen to A, thoet ¢

I u Al V. such +hot
— '[\ T
A= WAV

Then =

BAZ=@QUSVTZ = (QUW)ZVTZ
we cheek tHhak f_;’
(eu)(awW)=aqau-u™-a =T

Wrz)- Wzl =y'Z:2"-V =1

07_/b‘4@ (Q«(/(-) Z) ZTV ! ;S' ﬂ/fso Ce S@t“ ?7& oeewxs&c\‘f'itfh
O]C QRAZ . And both A and RAZ howe fhe sceme

@Pn(?u,(()/r veelues . /46@77“7@":7 to leetures , we ')gznew

IANE =l@nrzllg = 6>+ + 67

IAllE = @Azl C&ED.
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[215%

SQUARE
SQUARE
SQUARE

v

P2.3.6 . Shew that if A€ R™" has yvenk M. then A CATA)T'AT [, =1

SHow: For such a moatrix aos A . theve exists bSrthogonad wmetvices
W deedd VL A

A = - T

z P {O‘\\ GHJ

= /

AT A= VETuTy = VT

6\
=y - =TEYT = v~{ N ‘;2] VT
- 6 = ;
(ATAY ' =V [ o‘*i-ZJ A e gty

B AAAA) 'AT=USVT. VA YTy ST Ul

:u«Z‘/\—-“ZT uT /

fé”n\ @) gn‘z O Y 3
e [T [ 2% 5 e
| &P En\

ot O S @)
== b > 2 bﬂ:‘}‘[ OJ '’

| e O " &n
o
== [ O\‘k1 O]uT
S _
e
o M ‘\\ O T /
o “D Gk
) 0

We see dhodk Aie e,&,v\-odr\:v\f\ u}nw«ve e oo set EZF &\W\QW
volue &e,ce««vx,la'em‘Pwn of ACATAY AT &R s &Le=1

laAaTAYTTATII = 1
Q.EP.




P . z.a1 Shew +hat tf P i an wﬂwaonol Fmod‘éc:h:an _then GL=T —2P 18 orthogonel.

StHow) ATA =C(T-2P)T (T —2P)

= (T-2p")(I-2pP)

= (T-2P) (T —2p) /
= T ~2p -2P +4.P*

— T-4p+4p

=ik

T hees , e hewe chown Sthet & e m;{'ﬁa?onavé

Home work  noz2 M ovtyix W’ton& Ren WM. Chemn 1S
P2-3-7T Yse sthe SVUD o eefablish Ahe ﬁmc&/mw W venk (A>= yonk CAT)
»
SHOW] * Fyem EVD 2 we howe
A=UEVYr
AT=v =" U
Yok (A)= voubk ¢Z)
mea And  vouk (AT) = vyouk (ZT)
§,§§ Asswme
P ' i O
z=| o - g,
3 D
sz(§
; ZT: 6! O 5
O - 6.
I+ = sogy to see thot beth T ol =7 howe the voume vowbs . QED,
5

OB




Hemewenk noz 2 Modavx cmwrubw\rie;ut. | Ren M. Chen o/

P.2.6-1. Show +het if IZT=1 , +hen x (A) =1 .

SHOW = Aocovo@m\cx t+he eqxfw\axmh OJZ Kk (A)

KCAY = J[AT'-II AL = DA™ <ALl =TT =1 QED.

Additienal Problem: Use Ligits  (in oreler D ]é])-orn my etedent LD o ﬁrm a 4x2

makrixX (ég rore). Use Hhe LINPACK subreetine SSUDC Ao cempute the

e Sl‘nfu(ow volue olecomposition fof Ahie motriX. Print she msw(,é?;«j L

anol | matrices , sthe &»‘WLL&VY‘ valbiee ool g ooﬂo&'ﬁq

NO:2 MATH 544 COMP LIN AL B
OR COMPUTING THE SINGULAR VALUE DECOMPOSITION OF

2 /, LDV K,
'LEFT DECOMPOSITION MATRIX U=’
(UCI,J),T=1,4)




Homework No: 3 MATH 544 COMP. LIN. AL. Ben M. Chen 02

I N R R R A I A I e I e R R R R N R A I VI VIR VI I VI N N IRV IN VI VI VPP T R VP I I T TV T T VI VP P VIR VP VI VIR I VIR VIR VIRV O I I N VR I

P3.1-3: Suppose xe€R™P and A€R™, with A symmetric. Specify

R S R I VI VY]

an algorithm for computing Y=X’'AX which requires

pn(n+p/2).flops. Do not overwrite A with Y.

S R R R B A I I T B R R T I A o BV VB S VT VR B B R R I s Vs VIV B B B N S T R N T VI VI I A A ]

SOLUTION: Let A = ] + [N\, where =T

R N N N N VI

And then X'AX = X' (SI#D)X = X"SUX + [X"<IX)"

Algorithm for P3.1-3

L R N B A I VI R R R N N N I VI VI VP VI Y

for i=1 to n s wowom oy (
] n 2lops
aje = agy /2 L. } o
for i=1 to »p
for jJ=1 to p
Ve ¢= 0 ﬁ/
Ffor i=1  to p SR R
/i_- for j=1 to n
| s = 0 c Pno(n/2) + Ocpn) $lops
PP §mPSé for k=1 to j
s 1= s + X * ayj i
L ¢ = for k=1 to »p /
b s oo YiR T Yig T 8 ¥ %Xk /
for 1i=1 to p
for j=i to p i
Yij += Yoy t oYy f O Cp*)  flops
Yiu 2T Yy J
Total flops :‘ Pn(ﬂVQ*‘P) + Owpn) flops |

) |

Tt //6( 0/@/’!”\7 rf’fl/!/% é"”z /’f ‘*Q'If e

I[\;»f /m@a N



i
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02

S 5 SQUARE
S 5 SQUARE
$ 5 SQUARE

EET
ET.
HEET

42.38 50 SH

42-382 100 SHE

42-389 200 S
U s A

n\'.
)
NATIONA

P3.2-%  Shew -vam@h a Z—bg-—z exam'ble thot matvixX mul‘ﬁP\icc&tCon n «FCn‘xte

precigion arithmetic needl not hawe hawe small yelotive eyrov

Shew = Agsum}z\j that te wut veundeoff n a Fowticw(ax\ computsR g

w=10"°> R=10 omd then t=6
And  matrices

el [,,234564 2.46‘7!2}8]
2.469128 4£93%254.

- /

4440840 —2,222228
[—222'2225 lagdd 1t}

—2.4_7xqo‘i6' 235X |06 This eomputedt by
B= \
A { ~s5xi0°T %4_572)({0‘6 using t=10
,,Q ¢ { — 2 IO'#S i e ‘O'-S- Thies s oemPu;{eo( bﬂ
JC b O =] X 107" using t+= 6

B T53x107° | 876‘3&!0”1

AR — £2 (A\B)=L —sxi0T  5-308%XI107¢

TO9TIT  15.19433

Relative svor (AR) = { y iz

We see that he velative EMOY ™ sAhe ftwst row ook

Secend  coluvan i®  obouk \5!? S .
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ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

nNariopAL

P3.3—1. Execute /ngri#em. 331 with Xx=C0LT,2.3, -7, b=, Jj=F

Solution = ‘m:=mw(f4,7)2,3/‘l§‘:7
x:= O
For i¥ | _§ol B

[ for=1 5 w= \/T=0.14285T , o= 0.020408
for = 2 ; Vo= 1 ;X = 1.020408
o= 8| = Ve=2/7=0285714 , = =1.102041

~

for = K Vs :,~l/7=-0\l428€'( L, o= \‘306I22,j

= 1\\4.2857 ,
o

B = Ift (x+ [Uil)) = 0.680556

Vi = 0.142857 + 142857 = |.285T (4

Check =
o] 1.285714
7 .00000
Px = X—RWTX=| , |— 0680556 0.2%5714 |
3 | 042857
1) 0.142857 |
’ [ngsqw > 1,000000, ©.Z85T14,0428571, l4295ﬂ'3
(-8 00000 2
- 0.000003 /
=| 0.000001
0.000002
L~ 0.000001,

AR - —

i,
Y
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narionar B

P33-4: Gue an w@owém/% the upclate A= AP, where AcR™E, pe RYE

amol P js a Howseholder wmatvix

Solution « Since P is & Householder matvix . = V € Rg)q

=T —ZVVT/vTV

|
VTV wE T B P
elze _&“VTV
Let - yTv= . we have
Vit WVa - Vivg ((\‘Pn)/z ~Pak - — Pig/
Vz‘V' Yf \:\ Vz:\/g :—;—(I—P) =t i‘?z\/z (."'Pzz)/z\‘“"P?zg/z
Wi e Vg e .
Let 2Vi= 4 O— Pn)w » /

EVe= —Pui Law), i=2, &

Then
AP= A(z—-2wT)

= A -2AWT = A — AWEV)(@E=WT

A[ggﬁﬂ\mt Pg‘ = J (=Pw)

P@L-— PIL/P%[
For =] 4 sen M /
S=0

Sr=G +{@ij* Pgj
FC)Y" j:'/“‘) g‘
@ij i = Qij 8% Pgj

pe?/wlres, 2ng + On) jlteias for +thizs algevithm .




Humawokﬁ no: 3 544 Benw M. Chen

narionAL M

P3.4-2 SL(,P/)OSQ X and Yy are enit veeters m R" Give an alyarl#p,m L&)mj

Givens smnsformations which computes an orthogenal G Such Ahat]

QX =y
Soluwtion : Re call g=T Lk, 8%
Yo = CXi+ SKk = A§i=CXT+ sXe%Ke
Y =—SXi+ ¢ Xk = KeYe=— SXiXe + CXr}

C(Xe+XE) = %Y+ Xe Yk
& = (XLS;+XKHK>/(XLZ+'X\%) /
&= (%eY¥i— X Yk) /(XF+ xg)

Cz+ g =(4& + Y& ) (x¢+xs)=1

ol we Fit‘?{ 1 Z{/XLL-PX\Z— Ue SN 4P
In order to obtoin & reasenable Y:i , we must cheose
K+ XE— YK 2O | et Y /
So., ©ur @%O\'I‘an be&tng with +he wmatch czf the aswallest
1gel, =t n = Yo then pick o Xi such that +he

conditien. v (2D s heldl .

Asswmv@ & Givens ‘hmqsf%*maxécn is gwen as belows: /
s, O I0O00O
N oCc s Of---1 0>
Q= Tl i rlol Q)
~g.. .0 le | -8 O COQ——-&
e 1) lOoOo 1)
[ Qv Quz Az Qu Qs [@n Q2 Qiz Qs @(s;
@: Sz B2z Qez B B @/&___i X X X X X :
Rar B2 Q33 Q. Qx| ®zy Bz Bzz Bat @zsé
L@zu G4z Qa3 Qua Gac |2 R X X B |}~
As1 Gr: @Oz Qu Qw (st Eer O Gse Qsy

Wwe see +thed we neeoﬁ on%j +o wmyvfce oo new Yows |

“To be condingesl |



Homework No: 3 MATH 544 Comp. Lin. Al Ben M Chen 06
P3.4-2 (CONT.)
Algorithm: for i=1 to n
for j=1 to n
if i=j then q :=1 else q%5:=0
BEN: m:=0
for i=1 to n
if x; = y; then m:=m+l
if m=n then stop the algorithm. ;
else a:=1 /
for i=1 to n /
if x:# y, and lyel<a
then a:=|y,
k:=1i
for i=1,2,...,k-1,k+1, ;N
then b:= x: + x - yZ 3 flops
if bx0 ‘
then pi=i
goto CHEN
CHEN: r:=sign(y,)*J{b
ci=(xp * yp * xx * r)/(xF + x¢ )
s:=(xXk * ¥ - Xp * y)/(x§ + xg ) ,
Xp*= Y /
Xpt= T
for i=1 to n
hy := qPi* c + ggi* s E 4 SE(OPS,
Z, = Qg* C© - Qgpp * s
for i=1 to n
Jpp 2= ho
dki = 2 ¥
goto BEN
Example: Following example is computed based on the algorithm
above. n =5, X and Y are given as
-0.231453 0.345678
0.015694 -0.700721
X = 1-0.346730 Y = 0.000123
0.236744 -0.014562
0.877447 0.623927
O/%Q /

woret case n  sthis alyorithm

ree guc' reg

7n2 + Occnd ﬁ»ééybfﬁ\



i

{muwm“wg;mw;ﬂwr\

P

COOOO

QOO W

B e e

OOOoOOO

OO0

P

EER#A

,uuu&%g
.000000
.831554
.000000
.000000

L474440
.000000
.831554
.288832
.000000

.331120
.338784
.831554
.288832
.000000

.331

arny
120

.301175
.831554
.288832
.157312

QOO0 O0O OO O

OO OOO

. 000000
.000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000
.000000

. T£6179
.697917
.000000
.000000
.000000

.716179
.618613
.000000
.000000
.323118

Ot’li

V‘gwp: ectn cree/ﬁ! 4

231453 0. 345678
.015684 -0.700721
. 348730 Y =f 0.000123
. 236744 -0.014562 /
877447 . 0.623927
831564 0,000000 0,000000) {-0.231453) [ 0.418884)
.000000 O. oooooo 0.000000 0.015894% | 0.015694
.5565443 0.000000 0.000000|%-0.346730|=| 0.000123
.000000 1.000000 0.000000 i 0.236744 0.238744|
.000000 0.000000 1.000000 {_0.877447j 0.87744ﬁ
.710285 0.520002 0.000000] §-0.231453 0.479195)
.000000 0.000000 0.000000| | 0.015694 0.015894]
.555443 0.000000 0.000000p% -0.348730{—| 0.000123
.432410 0.854165 0.000000] @ 0.236744 -0.014562]
.000000 0.000000 1.000000, \ 0.877447] 0.877447)
.495720 0.362918 0.000000 0.231453 G.3456783
.508681 -0.372414 0.0000DO*j 0.015684 -, 382 236;
.565443 0.000000 0.000000 0.346730| = 0.00012?
.432410 0.854165 0.000000 50.236744 -0.014562]
.000000 0.000000 1.000000, . 0.877447 M_E).EB'?’?M;/J
.495720 0.362918 0.000000| {-0.231453 [ 0.345678)
.4508889 -0.330087 -0.462975| | 0.015694| |-0.700721
.555443 0.,000000 0.000000;&5 0.346730|==| 0,0001283
.432410 0.854165 0.000000| @ 0.236744 -0.014562
.235511 -0.172419 0.886371) [ 0.877447, | 0.623927
ki o V4 % y . v w
&y }5; Y
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P3.5-3 Tetemine & 3-by-3 o ﬁamfomcctcon M such that

7 2 ,
b8 =i
4 g /
Selution = We gee +that +he frrsf clemente m beth yectspe oave +he

same . So, we de met needl +to OPP&S some  Xfavmek lon %o thep |

T"f\en ‘Fc'r +he See.enok e,(ewvem:tg , WEe oscwm@.

2 N [2 2 E
MI3l= &1 O ‘,3':*’3'_20(' == 71
i
14 X200 | ) (4] [4-202 g )
= oljss —Z Kz = —2 = d:(o)—z,-zf

we hate | Gouss M]@Urmﬁ*ioh

I B

M= |2 1+ .0
25 a1
0
=I_ =2 '(t)OJO)
=

=T — ot-ef /

Note @ +he oQ-eftn‘ﬁCeﬂ QS-“ EXNTY W&‘F@ymﬂﬁah v text 1S A matri

Wb\;‘(&‘ﬂ\ Has the fcrm I-—-O(e: Bu;fr it *YM&‘f’ﬁT‘MQ O/L(

@/{ewww& #o Q (,UP\% Hhe ;‘y\oQFQeg ove |esg -Hr\ow ‘{‘;

Heve} the ™M *-VM8{-6Y‘MQ +he elewiends 4o nenzeveos ,

|
|
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of

ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

ey
V]
A

P4i-2 7”*97‘@"0”’7\79 the  oreler @f the éesyas i Alporithms 41-1 omdl 4.1 -2,

|

A!Si‘oﬂ'l'hm 4.1 -1 For i=<fg) n—i, J 1

Y 1=by :

pi=— Ly / 4 , ﬂ’\;f 5},0\};0{ L& om.l'n.jx 71}\)

(CFoodomgaubeo 2t LSl et
| ir 1

Ak = Lok + Lik xP /AQLQJ'J'@;V

/

Y=Y [ L

3
wff& a,éfﬁ?‘f'f’h”” reguiye “éﬁ +Qn* )ﬂéo/as

/4,3‘07‘;%"'! 41-2: FDY" L=l ZL ves, W

For R=n to 'J-H
Wik 1= Wik + Uk %P

Ailizs Ay /uL

Thes aé'?oﬁfhm reguives E/_ M SN /226/08

mgm%}w f]?éw/ ﬂ/ U -—:}jL {Oi/)f

/J‘w(
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Homewerk no: 3 ] cps T B3l | Beon m. Chen
P42-3  Sippose
Az{An AQJ ko
Azt Az m-k
Kk nab
and that An js rensipgular, The matriX |
S= Asz — Azt A" Az /
is calleo sthe schur complement elﬁ An m A . Show that 76 A e . Genp
L=l Slacenposition , +hen affer £ steps of Gaussion elimimation S

kD>
epuale he matrix A=z m o (4.z,-1)

SHous = /D>e¢6buse A /ﬁae an /\,”’ 18 o[ecom/aesf-h‘eﬂ, ancl A g en
R — £L¢/ — /A 72100k X 9771-»'8 MVD[Jea Ahat we ean /awﬁ-nmowzee
at Lease KR Gaucsian elomination Ao omatrix A . Anol et the

&—— the Ceaussian olemenation .

k)

An will  be bLFPeR\“HLEQy@bL(c&/Y meackrix |
Az1(kj witl be ‘all zeves !  mokviX
7héer
k & kS — tk
S()'—Azz(&)“‘ zE)(”<>)|A‘Z> /
(k)
== Alz = O ~ (:Au(k)) ‘ AIZ{/&)
tk)
— Azt
f>

where /42:.( s e?{ovc*ad sphe same ag Ahat i (4.2, —1)

&Ei D, B




Hemewov\h no3d cps T 524 //ge/n m. Chenr (o

HEETS 5 SQUARE

0s
0 SHEETS 5 SQUARE
0 SHEETS 5 SQUARE

oo
~

a
Y
naTionar

P4.2-8 matrices in R™" of the form NC§ RO=T+yed where yeR" are
said Ao be Gauss-— Jorolan Sfremsformatcens. @) Give « ﬂnn«u(a ﬁ)’
MNcey, )71 asswming it exists - (b Given X €R™, wrneler whet
comelitrone can ¢ be founol so N¢§ KOX=€k ? (> Give an

aj?orfﬂzm u.sirj Gauwss — Jorolen ;(“ra/n&?ewnva;h‘aw@ thot overcnrites

A with A =4 oot ecenclitceons eon /4 ensuré >the suecece 076 Yyouwr a(?»ari'/'l:&m
Solutions @ In ordler o get N ¢y, AO7! . we wmust asswme sthot
e F —1 . Otherwice , Hhe vank 5]ﬁ T+yed brops
Ao -1 - nder sthes o sSLInpEien Ney. k)7 e given ag
N, R =T —yed /a+y) /

We <heck that

(t+ yed ) [T-Yyed /ot o]

=TI —yedfa+yo) +Yyel — 88@95/0*50

Ik
o Ye Yo = Y Ul
=T + '+ Y i
= i CHECKED !

© Y can be fond 4o sotisfy Ny, RIX= €k
DC' OW\oQ ©n Tf /XK“?':O

ERDOF:
NGy, k) XK= (T+Hyed X

= X + ye< X
= X+ Y- Xg = O /
Y A = fp-«

Y = {ex—%X)/xXx i Xew O
( $o

Ae

Awd i Y exssts , Kk wust be menzero . ce

nti ned.}
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CcoNT.)

HEETS 5 SQUARE

Q gHEETS 5 SQUARE
S

100
200 SHEETS 5 SQUARE
A

42.381 5
42-382 10
42.389 20

&
.A\ﬂ

nariomnac

Le ¢ ;
A=YL ., az, SRS QMI = AW

Froem (b port ., we see that uf Gu=F O _, theve <«xists

H('Dz (el_al)/(lu
sueh  Fhoect
N(HU?,'I)‘A: [-e‘) qéz)) ., (a)]‘ — Ac‘c)

1
then we see 4hoat We Can oyerwrite J“’ in Qi pesitions )Mi

N(H,Z)‘€‘=e|+ff€;rw\€):e,| /
O e
SO, We can m'cpij canctheyr Geowuss-— develon Arewafennetcens +o A L2
i Qes # O .
And +hen so en , we will be oble +o howe
NCYT, n) s YR ™, n—1), =~ N(Y®% 1) - A= /
EQ\)GL)“‘/ €n3:1
Then ATV = NCY™, n) N QY™™ n=0) == N LY, D
=(T+ §wed ) (T+Yyovent ) (T+ yve)
findh 1)0)“/05‘(‘)]
O) 1)“‘/0)920 (
NG nNEE ==} 5 -2 L = |
; @ O - 1 QU‘!LYO;
LO O --.. 0134,
! ~ -t n =] "
[ 1,0,- Hf” 0 P b glnn 3y ey o 0 4'“
Py gi“", K P g "+J§“’ ey o
~ N ~ T e n=t n ~ 3 5
) é \O ':: H‘&‘j?)O O O B ‘+B:‘ {‘*g;‘)gf‘y\ 1 ‘Vl‘l :
O O ™) L 0) 0,0 Sy Ft&‘“"
| 510, 5% 5 ECIW.D g,cm )
a8 ©, 1, =0 gz”“" ‘H‘Zw

m-  — )

pl D/ b \+En~ JV\ 1
2 jj n-v H'(j:“),

0O

C o ko een!z‘neoé}
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-~
nationar

P4.2—-% Cconti)d

[ CcoNT)

N( w Y\) N (J (\’\*l)) Nt N(Hcﬂ'l)) 'Y\—L) =

r = o= — W) 7 n=2) N
‘) O) O 3 s HI ‘ 2 O) k4 8\ P O) O
N\ i A - R N AN
N : N ‘\(V\ - e w\) > ! ) D *
O -1 O >34y | gr\- an . o, 0. ‘“/'+H:“:)/ o, 0 /
%
)
O, 0, 0 HY5” §o O, O, Y& 4,0
O, 0,0, gf,“”‘) Ry, (O Oy, 48 o
y =
th=2) T ety p R Y -2 U" !
{ ; O/ Gt SO e ! '\'E‘L 'gh-\ H gh g
N ‘ ? >
3 T s ¢ <
oy : > m-2) =~ (vx~2) y th=2) n=v =)
O 4 o 4 ¥ F ‘ + S‘\'Z + H'y\-z & n- ljy\cc. g n 5” -2 n-—z
© s 0O, = U‘ 1) + Y4 = o) HU‘ =y E ch)ﬁ th=2) ""g Y‘C_“'vn cn!)
n-\ w1 n-1 Jn
5, Oy = = \\Iu\ l)'!"&fc“ ‘)H“thz)+5¢n, gvc\w w3 30\ x)H_JUn)
Ad so en . .-

The ocondlitiens Ao enswre sfhe Success ef’ »Cy afgcw‘-fﬁnz IS

sthe j’ecu:@wd /zrrncipeo( stp medriies ef/f ewe ncnsin(?u.(arﬁ

Fé/(uwiyé? Shows +he statement ]Pefn z~@ra

" ~ 1—Qu
L A:[_QI Q= ,  then f],‘:: Gt
QAzr Qe i gz!f ,l

(T+ye’) A= {* i i 1:
O (azza,n—&z\an.)/au

y

eage@ .

- C{u ust ‘)Q v
{ | Qvz/Gn l
{ 0 det (A)/au

wm @rofe/r‘ Ao /D‘;'fﬁ)'rmev/hee Hhoe 3@::@7,@@ Causs - TJowwlon _;(—v@ws/(:rvw@fa.

Lot (AY onuct e sonzero. y

<7]—72u8 ;

all =the «éeaoén\»tf ’ay,’y.e,f/oa/(/ S tehy patvniee s

Vs

/

7[ A must Le e

oNTEYO

©

s?cfu(a/r

(;Fo %9 Cerr 4¢ e

0. )
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L N N N N R N N N N N N N N N N N N N N N B N N N I I I N R R R R N N A VI R R R A A I R VR N N VI VI VIR VRV VNS

S R N N R N I U I N VR NV N N R )

ALGORITHM: (For i=l1 to n
. p = l/ag
For j=1 to n
as 2= -agn %D
85 = P
W < :
] For k=i+l to n

n n n | c= a. ‘
0=X > > 1 P Tk /
Toa=t k= § .

b T | For 3j3=1 to n

n mn i
= L e W

(= R=H b ajk;: ajk + aJ’L * P

T
= ?ﬂ)m(n~w For i=n-1, n-2, , 1 <

‘:;'

3 ) For =1 to n
::%%*+ O(n2) Fops ]

bjzz asi

B B R B B Y B B B B N I a VI I I R R R R R B A I VIV R VR B B B B N B Y I oV IV VN B N A IR VI A R Y

Following gives axample for n=6:

Results obtained based on the algorithm above.

FALL 88

[N N N N NN N

NN A N N e

»)773(3 m{g;aw‘—//;m )»efu.i reg 723 + On?) faéﬁpg '



(

O =

| -0
!\C’i}cﬁ * A\\Gu}:;‘

(&7 oo §las ]

!
g
|
N

.04321
. 0.40780

_|-0.
A .00453
.39280
.03338

08690

.51578
09517
.24958
.49064
.31688
«33361

.00000
.00000
.00000
.00000
.00000
.00000

.46814
.97423
.09425
01777
.07262
.00525

.16382
-0.
~-0.
« 297986
-0.
.34877

85063
53274

32122

.00000
.00000
.00000
.00000
.00000
.00000

0

-0

.79860
-0.
-0.
65656
.48151
.46136

08081
03488

- 31785
.48558
09913
.30085
.74102
WAL

.00000
-0.
.00000
.00000
-0.
-0.

00000

00000
00000

.05229
.31885
DITL3
«10736
+13622
« 19660

.70257
.56920
.26090
.34636
.40844
« 96839

.00000
.00000
.00000
.00000
.00000
.00000

-0.
.28988
-0.
.26433
.34560
-0.

-0

11330

28128

41628

.61773
.98783
.75149
.49264
.11650
.44613

.00000
.00000
.00000
.00000
.00000
.00000

SO OO

1

0

-1

0

HOOOOO

.05259
.17655
.01940
.62195
.52026
.14333

46563 |
0.
.49434
.44783
.44029
67955

.00000
.00000
.00000
.00000
.00000
.00000 |

16851
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=7hue /
ot sy

(ki
P4.3-5. Using B=10 , t=2, chopped arithmetic . compute the h—UL fac&o*r‘iza:h‘cn/
w |
] & 6} | 'D 0
A= 7 8
For +thie exomple . what is the matix H in (423—3)°
i Solution:
558 MfzI“““)Q‘T{ Jﬁt (i, o
o 1)l e O
{. OJ [o o} ! 0}
ok 1o |1 W2 o) e |
~z(§ { T 6 /
5 Mi-R= o6 o8]
1 OJ i [ T 6
L=1,2 1 ~ @ oF
e




Hom@wo&% no:4 Compuwtzr Secience 531 ABen m. Cher

o0z

HEETS 5 SQUARE
HEETS 5 SQUARE

42.38] 508
42.382 100 SHE
42-389 200 SHEETS 5 SQUARE

.\r.
A
e

P4d-4 . Show thet :‘}9 AT & PP erafonaﬁé'f Horminant , then A hag ao(ecam/am‘

A=LU with [ L] s1

SHOW: AT s oQ,tozjonovuj Rovirnant™ , —hen

[G5s] = = ixj RG] for ol ]

let
@'.n atl L Clm
A2y Qzz --- Qan
A= . o 1

Gny anz ~ v wn
i ¢ ¢
M= 1T "Q.T

0<U) = (O/ azl/au) & anl/al\>
:—(,.O_,«sz,“\/ -€m> 5 M,LI]ST for =1,2,- L, 10
3\ \-Qzl]“'” Rg([“"“\""l,en/t‘ < 1

Mi A= A*—O(U). Q‘TA

g IF 7

: Qi |
:A— § s la\\ OUZ‘\‘ OUV\]

Y
-

ABn Cuz - L Qun

0 Qo2~L2-Qn - Qan =Dt -Qin a

3 2 > e E
i s ! i
@) C\nz-*fnranz Q“nvjm‘am,i L

-{rov‘ om:j column An—\ - Soﬁ eolwmnj , Wwe '&MQ

g )Q?\}ﬂ)l; \ QZJ a 'e'Zl ‘alj‘ SRt \ an—ﬁm ‘Ql’j[ ( excly
T
g |

. n
$ (0514 @l 1 Rgng 1+ rlang D+ Tyl =) [£35]

Th]
< lag|=1ag | +1agiC=1g0)

=y

= |ag | = lag |- |45 ] s (0= Layf=]agy

T

7/_7;(,(3 5 /4 o— e ovéSO DQdagcna,é\[j, OQBWL‘:an- w@ﬂ af}ﬁ% 6\;0»6(»-

W@»%@wr>a7(£‘m Ho /471“-!/ we Hhove {Q21!+“€32l+“‘+(-@wz(~5[ . Anoé fgj

inclucteen , we ) A Ahe statement

on

de )

Pravi




Homewsrk  ho: 4 Cemrukaa Sctence /g@n m. Clen

P4—-4-*‘6f Sappose AERT" fac an [—LL oéawm/oeaih‘en/ anol sthat— L end U are
%nawn«. Give an ta[garﬁllnn whseh can cezw/:u,te the (Z)f) %ﬁ\/y 0727/}?

n ap/omxr‘mwfefy = on—j I+ en-)" feps -

Sefukions Let A-‘ = (Xl, Xy s4s, Kw ) 5 XcGR“M , i=lL,z, s m . CThen
AA_{Z LU (X\/'XZ/ ‘“;va):I:(‘Q\,Qz,“~,Qm)
Andl
LH={ w=gj=0
LK

Agorﬁ—hm N
Ys =1/ L

For R=j+i, N
Hk:: O

For 4= 3, k-1

Up 3= Y — Lo Yan

RJ s

b OSSR IS n—

Y = Uk /L &k
RYL &":‘ YL)\“/_L ‘ /j

Q-ﬁ} i= He

T:OY" ’PL::'&:"‘,‘*‘/')’L

T
’Qh;:.—.a&d—-—%&%akh n_& fgq}s )

Qgj:= Ak / kb

Y y
Total flops= > (k=3 + > (k=L Lo + Ocnd fbog

k=5 k=T
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E4‘5“2’: L[snz? ({{:/o . t=2 cﬁoppeo( arithmet: , colve

o whleles

éf&‘r‘rz? Gaussien elomenation with /Qovy-h‘czf pivoting . Do one step @f

terative hn/zmsauemewt” “‘Qmj =4 arithmetic o eomprde ~the rooiclubd .

Solutionz

S
2
&

|
| ) }
Lo45 |
[ 5 ]
0 020

Lterative rymprovement :

1
X

s
(;

'T] [l! 5

¥ =

3 5 7

LA = ¥ [ !

4= ~ |oas
k!

uz:g e

~

[.O

X new = ]+
[~-D.33

[ I\'SJ
T 069
=7 he actual soliction T

[ =150)

One more sh

vid

(3

[H
10

i g T
-l = [o-[a)

o) > -
[-[eo)-
Nel<l23] = |o)

IZ\J*{&?E] ‘Z‘M [
o o.ao]‘l\zz Sba) 7 =) ce.s

o;';frJ
=08

/

030

15
-

i

0.95
S

0.95 )
-0.41 ]

FTEly

-

0.57]

I

ewrll 'ma,,ée Ahe solection Sriceah /ﬁ@#&f‘”»
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A
NaTio AL

Ps.4 (gé/,,,;,,w;c storage) Suppese the w—%frn gmmetriX matix A= (jD

ie storeod m an MNnt+i1d/2 veetor C as felleuwr:
C= (Qn.021,02,Ast,~~. Qn,Qnz, ~~* , Aun)

'@Wi:f'e /%?ori-whm 5.1—2 with A storedd n =fhis J%Séton.

Solution: (e mnete +hat fgf Q/V\LS Q’U , the Oawesre»«&,v‘u elemenl n Vocton &
iz C a-nikt]
A‘g/mﬁhma
For k=1, -_n
s:= kCk+1D 1 = Ce
For p=t1, -, k-1
S= (k- R/ +pP
%= dp - Cg

o%k:: dx — Ce- XF

then puit

clse

ST= G- 2+ P
Ce:=Ct - Cs - Wp

Cti=Cx / dk




nO= 4- |

gén

17 O

[a HT] [V/X AP

= [0 HT]\[Q;

L O | WT /o<
o pwik]| | © T,

| OJ\ a+ wTy /oﬂ
BNVNV { H s

a + why /c><J

- [O ST(B—VWT/o()][ g

= T (BR—WT/eOY >0

=7 hus

B—-VWT/x

Fe />03?7h‘uo oﬂef,‘n,\;eg,

Homewovh 53/ m. Clhen
P5.21: Qhow +that ?]E
o V\/"”J !
i v B Rl
I n-t
is positive olefinite . then 8o is B-vwT/e .
SHow s ; W
BEe = W'/
LR S i \
A= # Wl
V/k Tna) [O B-VNT/x net |
;;S let 3 be Ct/n\j n-41 vectoR omd
L .
& A= — YTV /.
3
Since A s P\ok. ;
al- /
Lo yTT A g > 0
o Thett T8

Q.E. D
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P52 —3  See the gtatement on page %0 in text .

narionac M

/9) It s cagy *o check that

] J >, O Col v.T/x,]
O(| Iv\l O A,‘V.Ux"%x]l O IV}»I

A O | W fo¢y
D{ ‘i 0<2 T (Y { | VLT/O(I
VL/O(\ I“_z O Ne= VZUZ‘/O(L | O

T v

Il

I

A]ngH’\Am 3 ouerwrite A with o
: RY" J:IJZ)“‘) n‘T

d;= Qg

J

Qg Gyp A ol ,
///
I Fer L=j+l, -, N J
%(h—d)z B For "{’-‘JH,‘M/Z/
Freeps L Qik = ook — Agj° Qkj - OQJ
Tatal O WA i S S W1 8 S L A TP S S 2
fQ‘DFS 22 J) Z = +'2 3“”“6” + QLD
d:

b)), Since sthe «éafyyest" eloment m a positive definite moatrix occwrs on Sthe o&‘agona(f_

PTAP =L o A.] Ly

d, © /
o

— Ll_| ‘(PIT A P LTT =

k & OQ\
— PzTL\b’ PITAPI‘L\»TPZ: Lz \‘. ol Az] \L;

—> S —> ‘ N

| d {
e - U = oQ? |
LPrt Lna ok =57 RTA-R-LT- Lo -[ RIS

(1>

v,

A= (PL-PelaPu Ln-.)D~(’P.L.\PLLz“-?n».Lm,)T
Let P = P\ ??—“»‘ Pn-‘ ,  S7hen
PTF\ P :CPVI*! P Pz‘P( ?1 L\ Pz. s ;"’Pn~| L Wi )‘D ‘(P,L‘\MP‘«H Ln_‘\ ¢
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TiIONAL m

nva

[t can be <hewn that
Lé p?\-\ { el PZ‘PI‘?; L|‘P2“‘PY\-! LY\-\ RS aeewe% tyas LL(OW"’ .

PTAP= LD- s ., where

O(|GQ s GQ
= ol > dixds= v dn >0 /
& ]i \G(vj ./

A;Fggrﬂ»h»m
Por Reiaiss n=t {ov = yanR(A> M port C}
Determine mdice pe § k.~ M3 such that

App ==&Y25:;<n Q:L
b’k==P/
Swap Qi and  Ap; G=k,,m)
Swap Qik ovdd Qip izl m) /
dip:= akk
For i= B+i, M

aik:= ik /di

E‘f yonk (A =7 L, then fmm +he OdeOTH-hm ™ powt bY , i+ is clear 4o

See that qffev Yy steps R G, <Py

PTA P = /

[ L 1 D* O} [ i A ]
T L Lz Tnv O (@) O Thwew
] L\
o LuD LY LuDLiz f 'D‘f!_?.— L\z] —_L*_;D_J:
LeDLu’ liD Lh, L\Z

T

%

i

&\ Elt



e
’
I

: |
\\ljgl L bs

Srhen , we can overwrite K1 with ? , HBocceuce it

's no —6’37?@7/‘ useol -

Anoq Hhen %r the QEcmon S +hanal L ~en L wti] the n-1
S{’e’b , We can o&z&m&b e emQ:j 4 m—vectors af
frovE-?mj point S{"a'rct?e i

@7%@ e,{?ori#zm RS (?g(,em on rnexit /aqgé

q—ﬁf a%drl‘—fﬁm %0/& »@e@n J\lesv‘eaé wowécf a8 /< M(

L Yegrelive g atbtet O an) /0'667«98 ;

)’[’amewamé 2024 531 /$44 Aenmel Cher. of
P5.33 Give an a@@rﬁhm/ for @o/u;@ wn gy mmetric #/‘cédagena»ﬁ Systems
N A AX = b that use Gaussian eé)m:‘nafc‘on w ith ﬁmh‘af /D:‘voff»\/ﬁf
ecnol  which veguires anfy 4 n-yectors of 'F-g,o&iu\v\\ﬁ point &4—0*/\(89 y
. B v B
~olutions B, NN 5 X
o:\n e A‘ftQY" me{- Pcw‘ha’( ( aQ \‘\'\O [ X
\-\\.\\0 ?TUOtD‘/“S ?f 0"’":’! > ! ° \‘\\b }X: 0
gy X P b s ! fh My
533 R : ‘ ; . e .
i \L\,
- 1 0 000]lx x2 0o o]*x]]x]
i Ba= |& 1L @ 00110 X.X 0 Ojix| X .
{ o0 1|00 oxxxogxsizx:%és
"z(‘: O O 01+ 0 O O0X X X w(«_,% X |
: o 0001l 00 x xJix)|Xx]
A
Selve L Yy=8B =
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Algo*f ithms

0 SHEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUARE

42.381 508

42.382 100 §

42.389 200 S
A

VA
.‘\.

nATIONAL

F:‘l" gl=1/ “‘)')’L“’T

If o< L«
theve
Sr=de 3 deiglc ; Lu=8S )
S:= Uk 3 Ux:=dke ; den:i=S§
>?m+roi
8:= bk 3 bx = brtt 3 b =38 Piocting
L3 = ey p
else
i O

A= O / dk
bl 25 bt = B~ b /
OQK«H P= OQKH o R
Tf s#0 then  Ukn = —Lk- S
be:=g ( overwrited )
Lbr := tn/dn ‘ : 3
bu— := ( ba—t —. ¥n-1 * br) /olse—;

Seluivg
For | b a2 sy r ving fo
X
be t=(b: — Ui bivi — Lebevz) /it 4
Note = Oviginal fritiagonal system  Ax =b y 4

the Lewer beuv(o‘ohagonof( ore stoveod S veetor o
t+he eQLagenwc ove atovedd v vector D
the upper  sub - o&ua/Oner are stoved i veetor U

A“OQ( +he -F;nw( soluteen ave overwrited in b

b4
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Homewo1 % nNo: S

o1

Pea-2 Detine the function $: R"— R 5\3 PO =L IAX=-bll5 » Shew

that the gradient YEOO S given % Yeoxr =AT (AX—b)

Show =

P> = 5 NAX-bll." =4 (AX— 1) (AX—b)

=< [XTATAX — XTATb ~K-AX + bl b

Toxy = + [ (XTATAX) 29 ( XTATH)]

}ASSWW\Q : A g mxn woadniX b ois mx
+hen AT-bz Mxw = mx| = n x|

let ~ATH=CT, -, ¥»1T .

1
ATATh= (X1, s Xn) { A X
Then ‘ -
- VKAL) = (v, - L WD =ATh
Let \ aun Qi - AQun
/SEA: l’ R \\
=
O Qan == Qun -
1
n n | 1t g‘
KTATAX = [ = iAo, -0 Z OneXe]o | |

= QX" +(Z, 0K ) % + -

- | 2.
+ (Zzl A X)) Xn + Qun-Kn
—~ "
NN YV (ATATAX ) = )\2@\\ = Xl % ézc\‘in-i,— Are K =t C{m‘)
M|
L Bem An T g‘ QA inXKe+GmX +>
=2 ATAX

veoor=-L[ 2AAX —2ATb | = AT(AX—b) QE

<

"
0

tQn-m (XV\—!:(T




|
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&

P61-8  Use sthe methool 72 normal epuotiens to solve she LS problem

cvtiere
2] {1
(5 6] “l
s /
I 3 6 35 44
ATA= | , 4 ¢ 3 4= s 56
5 6
(1
91 /
o= [42 20 ]= ]
{
5.91608 @) ] 5.91608 T43736
- ATA = .
7.43736  0.82808 & 0.82803

‘ [ 5.71608 ai . Y, 1 [q
il | 4736 022%08} [ g | 12 1

"4, }_ [105212%
g= | | o.82807 A
591608  T43736 Xie 1.52128"
Solue ; . o
O 0.82808 | |Xus 0.k2807
-1.00000 /

We hone Xie =




Hemework mo: 5

i
i
T @ -

ol

Pg.z2=-2

Solution =

Com Fu‘i‘e +he

Vi

zflg}

{2

Q~R  factorization

P=T —2WwuT /vy,

[ o}_

1 ( 324 21 6}

o 1 234 | 216 144
(028462 . - 0»?2308]
T 092308 0.384.62
S [—Booocs —9.92314 J
: 0.000¢4 — 561538
& = -~ 38462 -.32308
-.32%0% 0.384.62
Q= [ﬂ&o@ooe —?.92314}
0.00004 -5.61538
5.00005 9.00008
QR =
12. 0001 | 7.00006

]

ECK |
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o4

Pe2—T7 Fhe matrix C= (ATAY " where remP. CRY=2 . ariges  in
many stotistical applications and s Knewn as the varviance-
covariance malrX. This /avob/enp"@/zew@ Hew the o@éeeyn/aea)‘ff‘@nr»f
A= AR e ugeful vn'enmruxafcana Mvoloivj .

C = (RTRY™' |

(@ Shew

Assume A= QR ., then A= RTAQT

AT.A=RT@- &R = RTR

Then C= (ATAY' = (R™-R)™ o horbal

o) Giive an Q%GYT'HAM -Fe'r Cow\FWtimﬂ Cuisl~v Cnn Y@@‘U‘;"‘\g Y\% F’QAF&’

Solutions T +hm?< ™ thig Torouew\ , We vnoif assume we @[Tﬁqﬁ A, R f&w A

Andl R\
R= 0
Then RW"\R= RY R, - And then solve (RTRg)C{ =05
(vw O0--- O By Y2--- dinT [Cu 0
B2 ¥z--- O] | O Yoz~ X?n ) C:“ -~ i\
¥l Ao~ W) | O B tond losel L&
R i U, 1 O i ) O
iz L 3 $ |- 3 — S
Selve « S L ERE T e
¥ ¥ ¥n | (8] [ D] lgn) Ix)
(T Pz -~ Fm ] [ Cat ] [©
Y2z ~-~ Y=n = X
Shilges .. F T 8F X "
{ “Ama) lemid %]

7o be contin o

/
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‘ 5

Pez—7 (b) Ccont))
i

A@oviﬂﬂm:
For '&=1)2,\»~)n
Y:=1/%x
i= k+i,~u M

For

HL::O

T= M, v &

For

For ] = Lhl, v B

L 2= L on—kY §

> = + (n—k)* 4

I
f'\
1
2
NS

N
I

Total FT@F& =

i N !

0
F{)‘w MO QLQQ&,IQN?" O\Qﬁ"ﬂw’» MMJ»‘%J?Q

2O — 9

S

opS

opy
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(]S

Pez~2 Algoﬂﬂam 6.3-2 ie easf&s a&a,ﬁ:eoﬁ to solue the we\e?hi’eo’?
Least spuores problem
min || DAY — b)Il2

wheve A€ R™", LeR™, and 'D=cit3?(o@e) L di >0 . Tedeed,

MDD 2MT =D =°u$(f (c;(t,) ;{L > O
ook .
- > e
P [o mon MBS A

+hen the sselution +to —the U)Q\r\?h'becl 1 Pmblem re ebtaineol
b\cl so\ucw\T SiX=C . Khow +is avdl vnclicote ckamje& ™m

Afjovﬁ-hm 6.3+-2 are regwredd v homolle +ig problem |

Solution:  Detime +the QY%ggeho,Q Hrovs sfermet ton
e D=MD™
ani=1_
Thew
D Ax =B, =l 6D AX - &) [l=

= TEMAx - M,

= 53] =- [l

fr iy xeR™ de@*\‘ﬁ'; Xz & obtained by sslumg

Sl‘X:C :

C&\wﬁe +he Fiﬂsf Statement to &/E S I/OQFT /

P

Andl all OR’X — J}Q w the B’Y‘\??TV\QL aﬁgevﬂ%m.

f




| {
i

|

i

|

|

P64-6 Show +hat if
3
A=[R u&]& b:[cl
o v | m-k La |m-k

ol A has full vank , then

min IAX —bllZ = ki3 — (VT /i)

Show = Since A e full Y"W‘&/ /
R w | ’Xn] (“T
AR Lo W[ gl | d
3 \(Xz-;! L S

Selye U"Xz"zcjl , O wtmiwipe N Xe —ol fla
VTV Ke = BT

Ko = VT So1y.= Y?T\o(ﬂm—u?; CesWw

Andl RXi+wXxe = C

R =C-wX== C— wdh.Jd/igis - -

Sivee A {—wll Y\o\mk , we will Rowe no ewer +o sipe (2>

-~
N~

win | AX—blls = min % —b [+

= “ P gz —d “zl

N
S

B (O(T_ (WTOQ)“OJ%\)}“{«> (CQ— (“9‘3’)‘1%/:;15»

= lldlls — ( vTok /up,)”




Hompuoefpl no:=b 521 Ren Clen
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P65 -1 civens ‘tmﬂgacrmafc‘ong con be used +o veduce an wpper ‘\‘Yt‘amgu,(&w‘

matX R +to upper b?o@:%?enql form. The f‘om oft +he C«L&?OY?’FM\S

B AS J(lellovos =

sEACE—_’f S
[SPACE 23 l

TS ==

=RV (Vv vyoixtes columme ¢ a-d 2+t &

3 =UR (W vetates yows i amd 41 o~dl Ferae Yii)

zevoR yy,3)

Fill o the details of this O{Tmfﬁ"nm o\,wof{\?ruen,ow opevection count -

Solukion = PACE 1 °
2 } o
Ce= T‘d /(‘[{d +7rr,:|j)/a |
- Si= ﬁ+U‘ /(fro} + b’aﬁj bb |
b For k=3, ] , 5
u: S S—.. € O(::T?k 3 @::‘ 7{.:1_‘& 3
§ -8 € .~ 1| : 5‘
L Y k= X *C + Ax8 ‘
) L § ~ Ed«%rs
Yerrk:= fxc — xS )
SPACE 23
Cr= Tori om / 0 oy “5 AF XE+ILZH >Vz
=Y v / (X'mt + Yenon )2
T eH \/
‘\\‘ P Fovr k=1, - 1+1 .. &xé]_‘b f&
t s

V= 5 -8 ¢ 1ie) <s= Ykt [&‘\: Yo v

L "\ ,
/é }4f—ﬁol>g v

Y, e 3= X*¥] + (d*"c )

flféors

erg
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PTI=3 Show thet i T= [ERT with P vl S square, then A(T)= AP

UAC(s) . {?/OD

Show : For own\\i
_ (A BI_{T O7 (T BI.TAO
W= [O C]“[o g [0 T 10 T
Thew P oQ&t (w)= GQQtCQ) s OQQ’(?(A) y
/
N TP R
e = ATr= LR
Pty
O 7\Ig’_g
Het (AT-T) = det ATp-P) - Let (AT ~8)
This wplies +thot ALD=AP>UAGS. BLE.D.
PTU-8 <Suppese A€ T"™" hoe dstinct efgervalues . Sheow *hot tf QAQ=T
s its Schur &ewurog‘sfton ool ’AB:BA, the Q7RG s upper
W\ﬁw(ow‘
Shew: ' AB= BA Then QHA@~QHBQ:QHB@&HA&

let A'RE. =R = TR=RT

A o | n=1\ [ n-v /
_ Ar X Bt (‘ﬁ X 1' ;
i O Tijwn= ’ LY R./h~i '
I 4 X x|
T R= ( — RT:{
IR= L ny xj A x
We Howe - Ti¥ =7 , +hat ig
(7U Ina—TDY¥ = 0O
Since T U= upper tromgulonr  with &taenvdﬁue& of AC exoluaded A )
N olto(gey\a‘ ,

ol we &nem thet A Aoy etivet @ggmumi/u\eg‘

T(/\alt ‘s 7, W S =T s hgy\g‘\ndu,(mr . Thus, ¥=0. &\‘j ‘onuo&{‘.oh

W\

we pv—ouqu the statemerdt,




|
|
i
i

. 531 e B. Chen %

PT2—5 Show +that ff A———[g E] ,then  scay= 2=+ | Ya-r[*)7

SHoW =, A==b
(AT — A)X,= g (;;Cb [’;((‘ui[ :l» g]

So , we can Ficjé Xf[é}
(M2 —A) X = ng“ _OC][AQ‘;}: (o]

Rk x, =:1——-{ § J

JCEtH(baf| b-a

| Sre =2y l@
gaﬂ(Kti*A): Cﬁm, HZ"‘]\ [ O avb]~ [OI

1 o /
b b =T e ]
4 (7\11~A):[3|5'$‘0}[E;a _QJ: [Oj

Poc b S =£?]

Then SCa)= |Jg’z;4(—c;:@3i La~b, Q}[ é] |

_ I ax—b
J ez + (@a-b)

af | ta=bi ]Vz
=~ ez v Ca—e»

s0= | Lo, JTSTaT L /
. l O, — b' _ 2 —I/Z
—_— e e = |+ ] C/(C(»- b)( ] = 8(n)
Cct 4+ (a—b >7. f
J N
gux CL —[- (C\—‘_ b)z M‘/
I+ @) = ST oy ¢ Thu

oyreey

s
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o

PT23=3 Verify thet (T:2-10) celeulates the matrices T defined By (F3-7)

VERIFICATION®

From (T.3—10) : T = bk Rg

=2 R = L‘:l N /

4

= Tk=Relx=10¢" Te Lk
== LK‘M L\<r|‘ * Th-2 %L ~Le

= (Le-Li=- L) A (LarLios- L)
Josilibgd AP
Gk

== G\K" “Ke G

P. 2‘3_4:” Suppese -the pewer methodl CT%—%) ‘s app\?ec(‘ to A= [(l) ;]

with Vco)zf{] . whak is Kg@?

Angwey = 7\Cz°) = 20

proef : zM = ré ‘2][:1:[31
| L i) | /

v =[2]/2 =111

A‘V\ak Yef)ea:t o@o&v\ o\/\/& oﬂo&.n.

Nete = Ve e Q,Q_Ye&xfj an e;;jenueakcr m—P A maaccwcte@{\

to  the eﬁ%vaﬁue A=2 .
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o4

PT4-3 Ty some ciuockions i+ i necessayy +o solue the Lneay Séfﬁ*em

(A+2-IHOX=b -Fmv\ w\am\‘j oﬁﬁévevx‘b velueg Qg' zeR owal béRn.@\na,

Ao +Hits Pm\o\em cam Yoe QH~TQV\'E‘l3 SN | Q"\“OJD\\LS‘ solved] -Hr\*mla\m oppl teattion

of Aigow%ms 5.3-4 awl T4-2.

SHOW = 1> (ls?/v\\j A\aoﬁﬂ,m 7\0,-—2 to o -the em\-ho&em& wakvix
such  thoar
UsAUue=H yegwires % n3 flops
Then

o' (A+ Z I lUe= H + (UTT W) 2

g N

Uob  vepuives

=H 4+ z-I c:mvxruxe\(‘

“/WQ wmesma Hiat  we  conn Q.ch.g~g Uuse to same Uo ‘%S“f

W Liftevent volues @{— Z.

(2) We note that HA+ZET itz also « Hea%@\\beij o
Then use A‘JOTH%M 53 -4 +e obtein the wpper ’t“mwzjwb
‘[;‘Wm. ‘YQWY‘S& il “z/z .f:_QoFs -4 7\2/2 .F,Qgr)g wwf‘k CQDV\Q oN  VES
CS) u&?vﬁ BQ&“SW&)‘V?WOH +e Co\\)e ‘he < ctesn {ZO'T ?_
Yequavez = N?/2 F-QOFS
) Elesk vesekt = %= o - Wal % SO pegs
SX(‘/QM&Q +he atial’ an)r‘?{ ——35- {-Qei)g . /

-

The foteal wm&( ‘E::rl\ @etu‘v:(j ‘each @? “+hesge &J&femg RS

/,.

albsut

fc« sotucicj eoch &ﬁsm Sepw!qte&’ ( “g/g ?Qe?&) i Hats method i

3.5 n* Gem‘acwecﬁ 4o -the wo«‘?{ xetuive&

TQ’QOFS' .

Uo

n* {‘».Qar:&

Py

m\a,.

5

<
>4 rent, >§<
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P74 -3 Suppoce A and X ar Bnown e/(c‘?enudﬁwe-'ex%?@fweeﬁcr /wdr» }Qw#ne

upper Hes@enbe(? matrin  He R™", Grve an a%wfﬁ:m 7%7» covryﬂd:f Q%jom(

B ! A w’
PIH P [o H.J

where Hi € ROV g upper He@senkeﬁ (Hit s P s«

PmM ef— Tocohi Yotationg .)

Solutton s " N .
X O o -~ O
Xz d= U=
Let 2 S Doty s
5 i S, (in—[
L X Ln & Sl

then (‘Xl Ke K <<= Nn //
O d, ¥4
3 Foeiaging
0 Uney o
where X’: f’x\,X"&/ =y [XV\I is the V\oTvv\a.Qizcao,Q eﬂen»

Vect o a‘f‘ H ovesgalatedd 4o 7\ ! That s

xTx=1 -, KTHK =N

o~

1 daMat L3 e . WaXat daXs +LaXg oo~

» OQ:Xz*‘—Q;’Xg &}‘*— Q; dz U+ &&Qs NN
PP = T
| HLXZ+CQ§X5+Q¢X4. daulz+ dz U WS+ ‘(“Q((» i

~ N
~ 4 X
~

~




i
E
|

06

% dz Xz + L2 Xz =0
Let
="+ g =1

X2, Xa  owe /&Y\eu.)n , +hen solue —Fw L. , La

“then From Az Uz +Hs kg = O
Uz X2 +dzXs+Le Xe =0 /
uZ + d< + 2 =1
So&u;j for W, dz, Le , smce Xo, X3, X, e, Le owe

; AV\OQ BO ., ONn FanU\\j we will '&owe oA QY\‘HI\O&SOMGJ\ P o

Xy QO -6O- ==+ O
Xz &z ul \\.Q

Pr o -0 /
l & EP \\_ Wh~p |
1 Ko o~ -« Ry &‘H/;
% X Ky s ‘X»:
P-H.-P= | O d2 R -~ O
O U= C&SS s O e
j 1\ . \ - % -‘QV\
L O ! lA»y-. k JV\ .
g ‘B\" g(2_ ‘RlS ‘ﬁn’\ 7 [ x( O ) == O‘!
‘?\z [ 'P\ 23 ‘r\zg,- —E‘ zn ‘r (Xz CQZ_ (',(l O :
O ‘V\gz /R,gs —-tun | . 1‘ X3  Ls OK; e l
\\ \\ I E A R - »mh\‘k v
O ’Rnh—;\\‘khn i ‘ ()(V\ O \‘Qb\ AZ»\ |
< y N pl
BN L 32 - W \{
o O ) 2/3 ’9\2:3 - . z/y\ | 7\ wT
T O B A3 --. Bl -
©) N | 0 Hi|
L O C E 'E{v{ﬂ-;kg\nfn
e

%r\ewn .



|
2NN Ry @»chzér&ée:ﬁe o5 E Berme: Chon of
Prs-3 Explain Hhowr Ahe @;’(zf/e—&*hﬂ' QR step H-uI=UR, H=RU+UT y %
caun /ée caww‘eo( ocut Pm/b/rcit;lj . 77;«1“ s QAW Aow the Hransitiore
/Q'trm/ H Ff [e="73 -ge errl‘eo( ecuwt Withoud ™ &w&'rmd"l\nf the &h»,‘/Q»
AL yom the o&‘gonmé S/D H .
Ex,piainaﬁon: INTIALIZATION 10 “C\““q A *}‘ ‘\"’A
Find @'R &ewmre&ifion OF H - MT \\Y U\GZG)OM \;\f@ﬁ@‘l@@fﬁ
\ e
H-MI= UR
Then Y‘QFeo&t fcﬂou:“wj o fond U
H:= UTHU .
Ex ?la:ma:tion 2 A&S\wﬂi‘\nj ,V
Hn Ain
‘P‘Zl
b=z N
| o | Jam )
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