Ramga and  Nullrpace A e ?-Rwum

range = columipace = AR | ¥ KePf

nlspac = f‘é ] Az -3

Y\ﬂ'm_{‘ = dl'W\ (Co( ?F&ce,)

Four ““XM Subspaces (Fuy I'?’)

R r™
C>KT) dm ¥ C(r) dmr
N (A) dim n-€ N (IA('() f}h‘f"r

C (") LNCK) CCK) L NCAT)



T.3 The Four Fundaprentad  Suwospaces

A e R™

'l’WO gmbf,odccs of th
4wo  SUubrpaces of [R™

EXAVMPILJ: vank 7L Mau‘r«’x} 2x%3 W—fn')e)
SxY  (nerdence atrix of Freph

By || A:<l 2_> :<é)(‘2—)

2 ¢

| column space  CCA) = line Huroij (g)
2. vow Space CCAT) o line —khro%k [i)
5 nullspae  NCA) o line Fhrough (2() ,, ,A"""
e ullspace N(AT) = line Fhroush (_’f) ATy o
'De%'mf»hbv‘u ; |

Columnspace C@r) = all Combinehony j,,oﬁ cols. of A

row Space C(p7) = oll combihkhb"fgof’\' rows, 4~ A
Cal\ Gwmbinehont of cols of A‘T‘)

nulls pace NCAY = all x4 Ax= 0
‘le'FJr hw“fpm,c NéAT) ol 8 <.4. ‘?TA o =

(a.( + /ATT = 0
L3 ot Mg )

ff/w

‘
/T
4

! (ﬂ)\‘\/N(A”) N
\\w,




EX‘*ZF‘\ B = (é . 22) , M=2, =3

—l 6
¥ (B} 3 |{he '\'l/\ro\,t_j\v\ ( ;)
s \ ro (
C (& ) - \the V”DL\ <_2)
—2

To £ind  null y@ace(g) /

BY = | ~2 -2) X, _:<o>
Xo= 3 -6 =G %, o
¥3

hote A t‘ho&p. afz. and 3  Unlknowns =2 da‘M@NéB))=§~l
- =2

— s ‘ \
(L) e T3] e e
6 |

g ’)?1 oo not f)erlgcy\/ Few o~

[

Note  however '>_<>'

(& -, =4 Zo) . e will prefer PCKFM&’J“L
basis vecs. % (on be ﬁ/mem"f‘l—ﬂ( Lo ¥, | X2 \97
G oo~ Cohmiddt

. 2
N(B) = plane in Rw g

| E.q.) ’
— I 4.

This WﬁLLM - 2 Vi=73 _z)

cCom 4/50 be (f) 1 ( ) -

made orthon Orrm-// )

2:‘(//‘»’15 wn
&V%vmorma/ basis

f2r IR® 1



i é%wopﬁb:\n /ogr 2049’&

unkrown  per hodle .
— X, + X5 _ -}9/
~ X T X3 = by
— X2 X3 = Ly
= A txy = by
Xy oty T Ly
matriy & e m
e R,
— o | 0
o ~I | ©
0o -~ o |
o0 —L I
C - =
A

fReidence. wadfrix of e jmfﬁl.



-l | o o\ X, .
= @ | ©O % 2 O
X3
¢ = ‘ V) )(.1 )
o -1 o | o
0 o I ( o

rank ( k) =3 . N-r =4-3=]
rmensiing of all ﬁw" cukspilees -

dl‘m C[AT);-%)/;g o C(ﬁ):?r:g
dim WK = 0= o KT = 2

»ufumn {PLMCA») r= =] =3

@@[an! //)} 2,3 L A ace /‘MM
AT 5 4 cambaatal of fhest




row spa ar
" e CCAT)
(AT r=z
rUW% = FCow 2 — ¢ / / S arAw qmnﬂhj

rowJs ))'l/ L'n A cndet
Y b > Am Py r =
A o fﬁ&(

r(;(/bM ; Ma{;\ Y- 1% Qorref r\oéf—ﬂ/ /‘
et o fo an 699/(

Jamol =
AN v e e
7 (ﬂp{ma{sz-mw_y

—:Qarm | a "74';\'«‘&’

[/}1 W Fowd

&
9l / }j}
Y ;hﬂ/gw

: j - |
. \;\/oweflmf"

a{)flf [@‘F
d"m NAT
[ (A ) = ’M—-V"\))’:g—g >
fo - = . )
7o T ko o bay e N
‘>j) " . y A- )'



Connected %/“"’f% I
fhwﬂ% [neildetce. VV\A%/;X /4
Emr fubs pces- .

NCA) Costamf \rector C(Z/ /, ..ﬂ) me ke wp
'flf\L ,’L d(WWVLI‘/'b‘vaa Vlmuffa_u o'ﬁ /4’ .

#

edses a tree. 3ive [ndepenclens
C(AET) r _ - (MST)

o€ b &

vyvang = €= n-| o

i - - —
-— - e - e -
- -

CCk) AVﬁ COVM/OOM/V‘/‘J L AX sam

+» 0 around anry alosed /00/9,
NCA) G st ATG =3 ‘;f&(wm fipie
l'ho(tpzhow\f me/ éoqf —QA ﬂajrﬁﬂq

m-r
A

Cc(A) dimr c (A dimn
NCAT) dim m-r NCA) dom h=r

T Clc’)’\'l N
OW\ 48




X\

Xs ¥
—| | © v
1o 1)

X3
o /oolos

Prows ere (:‘nwu’(7 Cnolep.

N(A\ <ll > dim= |
\

C (A7) C} \

r,,.,;gpaw 0

C LK)

calwimnsphot G ) ) G ) dl\m: L

N (AT> 7)6){ JW\ 0
C(.A) diwm = C(AT) dw:
N (A7) dim=mr N(# ) dinenr

loop

Braé row (at M L ‘
writke  af (in. combih,
of A_d' + ZnJ( rawJ.

U(A):oz<\ ) dim=!

)

\

NCAT) CI ) \)\) dim=)

('(l)or)

) dwmsr CH;I) H—_

IS/(@;‘\T) dim =W NCA) divnr
- h



Qan e ot AR and A—-&@

Mhon e mmadiply, matices e panks cannot

[ncreaye

. ranik CAB) = ch\tcpv)
vonle (K 6) £ Yanl CB)

2. rant (A=xB) £ venk (A)~ rante (B)

ronk ( ATA) = rank (AAT) = rank (4 )

i
= yank(AT)
Lﬁ Ak (Rm’“ ) & & (Rr”\ ) vrawnlk( k)= rcmF(B)=(‘
AB ¢ R™ yante (KB) = r
L clas) Ech)  and C@rY7) ¢ clp")
2. A+ eachcol 15 Sum of ol f A aset il o B

Oumbine  hates For C(A) Al C(B)
o (M tBY) = rank (k) < rank() ot Geneslly frae
{_.3_ =06 =T
3. A and AR ot hewe A Glumns  and same

kutlcrm.a,_ . dim nullspace 5 N-r , s¢ r=rank
must bt Sama fpe both.
romke (A7) = ok ( hoi) = vanle [ A) — vemle(R) = anle(KT)

vanle (&) > ranlc (A-/H’) ‘r““k‘bq‘r
Lh AA € R™™ | BuTE R verkible o vanl(ATARET) ¢ vank (AB)
=7 a4 = . £ vank(A) =



(1)

'3%\

Yanl (k) = |

ranwe (AB) = |

renke (BK) = O

(1 2 ~3)
L x 3

Vavx“—-(&): |

"

# |

A B
Mxr Yxn
B A

rx g mmer

hag ranle v

Aves not
' MWJunfg_'



