6@563 ’Pmpgrﬁ‘ﬁi

obstaclg

/'\)O/Jr@( m{mL Jﬁ\L Co\\Jr m\\muﬂ, onvionmg

+sts £ wWeendhes of @

ﬂ\'v en C]QLS P

Usva\\j o gasp showld be
dde 4o move obed with
any chosen Tt and
covtl he net Weendn
aw\kd bﬂ +he fingere [ m
“l’)\mwjk The havd cortacks .

roce closure  req wres -

¢ Contvl ol doedt hoets

- condl all ohed wienches
ool all indenal wienchog

z sqmar\g fores

L\ Ao a\adoro\ px’a\/'w\fz‘g G v\)ad 4o answer Thuse

quuzs%ims usimg Q omd J




4/7/18
Basic C(mcap% From Linean A‘gﬁbm @

Mxn

Let A b2 an mxn wmatdg e, AeR

RMA) £ the ronae (aka ffumnspacd) of A

s the Space ot el l\naan Comlpnaiong
of Phe columns of A,

Let xQTRn/ BPan Ax e R(A)
Lt y=Ax Aon

],G{(AB'—“ 23 | y=Ax, xéR"}\]

R(AY £ oW Space| of A, is e space ot

ol lineon C&Y\\‘o\\r\aﬁ'tb‘v\_g of The Cow¢ of A

et ﬂeTRm

L@m = ix|[ x=Ay, ye Rm}j




4/7/18
@,
NA) 2 Phamlal spacd of A i He
set” space of all xeR? sudhthar Ax=0

X N(A)= 1% | Ax=0, xe TR"ﬂ

NAN & s e lef+ nul) spre of A.

[710m =141 Ay=0, 3612'“}(

- , — —

EXMY\Q\L &= [‘ l]; mxn = |x 2

2

xeR™ , yeW®
geR

%y
C)Lumv\ spa@_ [‘ ‘](f;‘z ) < - )”3
g can achieve ony value . .\ [ R(AY= R'= Y- axas
, | o
e fiall, Spaes. [ ]‘3 - L)I L NEY=o

l

Nere : R(A) and TIAT) o Pleces o the Spaca
j \\‘\/Qﬁ .\f\~ ’ﬂ\Q\j a(e Or”\%oaom,\ Cow\?kUY\QNJ(’ O'F lj's -Spa&,




4/7/18
Kovo Sace g A s column spac of AT @
® A -
78>

(ow spaw = “1(& el
du\g\' ou\;:) sealan
dort e fo call \
Tt g

F\ULH SPace O‘F A

" X,
L1 \] x|~ O — XtX=20 —> X=-X,

Note WUB Vector 0\ 77(4) 1l 4 evevy Vector m?

RAT) . e.q. B:l ) Lzzl - O

Thinle of TRZ as  QR(AY) x MN(A)
KLCM{%{M\ produnct.
v
R a R(A) x77(AT)




4/ 7)1
Four Fundamental Sw\osl_w_tc,!zf ©)

. E\Mrb SPoce st

have an 9N
° A maps R (AN
oty R(A
A= Yoo+ Xnul tj Yoo * Bnmn
Ax= Ao +Xauh) = Akt %un = Sl
O
QCW\L_(A\ It O‘Q (\r\zar\g lr\of.epe,v\&@d‘ Co UMns O'P A
=4 o rows of A

Lot v= romk(A). Tiun -
Dimy (RAY) = Dim(RAY) = v = min (m,n)
D (TUA) = -1
Dim (TUAT) =




Solve for X 9\\@'\ A ard 4 .
AX:%

T A ouds, then x= ATy
£ net thee thj shll be solwhans

([i nSts OY\L@ it g = GQ(M\ Ta othec wodls,

Amap x oo RAY 0 3 x> Ax=y i ye RA).
I8 7N(A) =0 and ge RA), thon X & wniqua.
o D (AN >0 and Ye RIA) ) Fhen there s &
space of sdutiong  of  dimensisn N-v
Gorgal sduwtien : if ye R(A)
[x: Ay + ENA

Whme, o & Rn_r) N is a basi of QZ(A)) ond
At js 4he pseudo-invee of A.




The maw;:\%s A aond AT are 1-1 and onto .
Note that  R(A) = R(AH omd T(AD= T7(AY) |

Nhatlab funchisns |

Sutecminant - - — - - det (A)
(OW\L— - - - — = —~(‘0vv\)L(/-\)
A - - = — — — -~wl(A)






Trdenal Wendhs € Toogks 4%/ 1%

\ndemal <re 7N(3) do net change contad wrendns , but

o
iiqu *H«mj do edisheibude the Fownt -l-urcfug

inemal /Ne N (¢) do not Change The not wre nch epplid
i .
( Fo the objpj‘r) but '%M/j d\omﬂ_a, he Sq‘*“%“\j gftﬁg.

‘go*(“(‘/%

ndernal <21(:7Q(J} do not camee motims at the hand Contadhs

hand . .
\/:Ioc\\t@s n the direchioms  constranaed \33 Yhe contad modsls.

mQ,qmaQ .%be W(G) a4 Ao Not cauge objéojr W\o’ﬂiﬂ’\,, but do

?3?3&3 et contack © m*m\‘n)rs




- _ 4/8/\18
%LC\\MM for Dowteauy N\am&mkcdm /
(as Shown on old Solxkt,w\\j V\Juo\) @

O . AN Obfd .‘f'w'\s)rs £ wrenchaes ?056\‘\001, Wﬂ

@ -+ AN OBJQC{’ tnets & wrenchas cm*ro”cvk\o..Lr W\L(GJ'):nvl
(\03 droice of T and 5‘)

(116 0570
@ Al inemal weendhes corstegllable -(by chace of 2 ), 5

("\C‘lxéml %/JCLQKW\Q g)jl)eﬂln”

K@)

7NG6M=0
by ©.

Wot a
n —
. = rank(g)=n,
9
L.




4/9/18
gw ’Dz&cjv\ad ‘FO( ’D@ka W‘w\f @

Ng=9

0 =9« 21F cmaotsol/
N,=b
ik

The intutire 1%\'@@(&%-
£ (\or\«S\{o{\r\g Cortonehe 9\\@ a +r\o(r\9kq i~ Tha
obyect. Moye verhces of Jrr\ar\@/(q 1

YoV O\OJ Q(A\

‘(‘3 Moo Md/\ ‘H\tar\gbz V*Qr‘}‘% ar\o.\)rmﬁ,lv)
2achh fw;)er as Thres /\}Bir\n\y

.‘\)( ‘RKCJQV \OCGC)‘\‘O'Y\S SDWL\)L\(E} O?ﬁ)oéé/ eao(/\
o-))\u’/ ‘H\QV\ l’\om(?( Can Sﬁb\u%a as

\'\mnp{ AS Y\L&sfatz) aloy\ﬁ ‘})\L H()(‘QL
edgu o Fhe TLfiolf'\ﬁL(

J e 9x9 amd G is Gx9

Ror 3-Aégee tip qaisp , Hapically cank (3129, @nk(AT)=6 @nk(6)=L
camd T3V =0 . 7He)NNT)=O .




V&
Force. Closnee Test Lv Qg( 5

A ijsg) ‘/\as WCO(‘CQ closure H?\C H’ L\as
Srichoma)l  form closnee O/:NJ all 1nverna)

foccas are  contrg)able .

TTest
O Condhva G
I k(@)= 0y (=% of rows of G), convhnug

e\se S"ra(). No Joree closive .

@D G Sowe P2 Por d*
<duzo\: ‘ot ofigin 1N nside Comex bull OWD, BT

o Meist use BT (g 3T
pesthve span of columne ot Q) plar s [ s

. - Leighion care. |57 @)
F d*>0, frid Hem ol. exisle , conr g

else d* =0, step. No forca closure .

@ Construdt I £ Sdue LP3 Foe d*
(eheck. Phat oll irmal Rres one contrall ably )

W dt=0 p Force closure —U(.lds
e d* >0 y Foree. c Josure oloes et Uud‘




Plangn Exameola . ®
Acswyne 2. HE contucts e 1 ﬁri%_:cg,
| o & O A’r/t\l [) I ‘/b\L
G =10 |\ =3 o - j —_— /Y\\' I\"‘:’(l
g =) L = &/\
fank(6) =3 = n, ARy ge R
/‘

dderm\mvﬁ O‘F -Rrs*
2 columns 15 Z£ O

— 3 —t T /
KRG = R = RG //72(6)/
wd N =R 7ME)~RE0

[G3=9 > A--Gq- N |

om Mo«‘\’\cx\o :
7(G) ' repraenied by
0.6325"]

N = 10.3163 £&—— &LS\.S

&
<
N“b




\ote. sdlusuer
@M\QQS @

//'1:: - GL+3 + NO(,
oL © o2 e [o6] fin
P
= _ [P 905 -ot|lg | L 192 |x= [T
4 04 O O N? 0.6 £
~02. -05 —-04& 'L ! 0.3 ‘Fz.t \
- 0 F
Lases  Let 9= , x=0 o=
_.__ | gm‘:o ‘ 34?2{:0‘5
0 P
- 'Fn{_o‘% 1

%(CLS )Oo»\ar\cn, ) So Olo;)ed S
{r\ @:!u\fl'lon'me bt no Sﬁ\w&?:fﬂg

re/clux\.(‘e} \."\'()"’\Q'D~ '?(;C,h‘ﬁ\/\) /A"SOO

15 ‘\f\'nae(s ccwde\ Scivwbic_,, ‘H'\OJ‘F

wom d \Q» e

L&J(O(:i e 7\: =2
O-b
0.9 |

Equlbnwm st sanfud , but M= 43 cequiced |




(Dﬁ€fm‘\ e, J

(rows 2-4 form o S l?:) NSpetiE

| . JRC R

ol\cxﬁo»\o.x vwdnx) /“Z : o N (M,m
: c, L D bl e

N(3)= 0=TR ot 11+ 3 N
- O‘ BIRS ; Vo

RO)=g&= R =1 |~ O 3J_3J v,

NI =R -




(3)
R(I") ®

1EY+—=R
cN(@EDK net ‘ Q\,
ach v\ \03 cholce NGt

o &
IN Matlab - go]}ve%
|

quu = b Z

.




What doord foree closinee 4/9/ &

We \‘\Y\O\U R&Y\L{G) = iy = 3
Romk (J) = 3

bt force closure reﬁu\res Rank (GI)= Ny,

M@‘\‘\a/)o C/\I\RLJ(," >/QSJ %L(Gjlﬂvz g

Ned test 7(6) N N(TY= O ¢

T F" i
| 2
N(G) =1 | N(\TT) — 2
2 9,
| OJ

DOQS i Solux\}’l.‘a‘r\ +D

o

\ 0
Ll o |

X+ o8,
0 Q

5
l
2
|

|

= ey -

- —

ot W, Ao #£ O % n




So-) row\k(@ =N, 4‘/@/! 3

ank (63 =N, ©
_ L
£ N7 = Of :Ar‘:sﬁjomil% i

(/IASJ( Jr\\'mﬂ% chack for {orca clogure S
S;ﬂ'c/‘\l&ﬂa-ox %Y‘W\ Closiace .

i & — ]

Tn gmunal | Solve (P2,

feom Gmsﬁ Q)Y“W I )
¥ d*>0, Fhon _L,__ as long b

faction form closwee “—i—{/fi 1)%“\
d s Qo::\ ity

An ‘-H/\‘IS S)yy\ru P{ahﬂr
poblom | cheose
7 £ daw SV\Y‘.Lc;h}gh

coras. Do thy su
eacly othe ?




49/8

=Y
K N
subpt dot GARO % Chack f
o : oY Cd‘f\’* ol ©
. \30\71; 9 o\l ndermnad ;lmi
Z O } Make sute
. AZO

e <n
c,g Y:uu? d < co

'\/OIQ:
d — cr———
=0 = 77((5) N 77(\3‘) = )

o)t*'“
= (O ==
=D SWccaegs .

¥ o —> nte
\n YY\O.}\ @ov@é Y\(ﬁ i
cordallably | .




