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Last Fmg ae intoduced the notion o Hie "augmwvf&/ “moix of & lingar

/t

system and defined oo Hhaea ;@(ém&f{afg o Opémq‘mns ;
(1 Add a multple n( ond 1w 1o another 0@,

) Trferchane two 1005,
(3) MuliPly a row bya non-2eco Scalar

pefinition 4o tingar systems an 2 ivalerd ¥ they hase Fhe same Yenccal
3olutipn .

Thaortm (19-1) '.Tﬂam ellmada@ra row szm‘)‘vbn 'S pe{fom\d on the

g m cnted wndni x d & linear system, the wSuiting lincar Sysfem s
equi vnlewt o the onginal one.

Definihion : T MJms AL B an wwﬁﬂquml (AnvBor BVA)

iﬁpv B cam be obtouned ‘P(om A by a Z;\s"{'(, &ﬂuu\ai ,{ ZlbW\Mfdfa (oL

GPM'][[‘O»\S :

M: Roo reduce W’\é linear éstJ(e,m 1o RREF and read The
@W‘ 60((/K%;OH /(OM RREF .

Recall i A M’{Tt)( (agmended or not ) is i fea 2Chelon %/m (Q‘EF‘)/'/»'

(1) A 2ero 1008 ane atFhe bodffom
(2)The %Y&‘f O —2¢ 60 m{r(y in calh o < ai((wz/,}qﬁ One of P.()of ),
(3) Each Di VO’* 1 < Yot f:‘@ln’f‘ﬂ({-'ﬂw Ip,aflalmél A% i~ the o< Abnie.
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(L) Eaclh (W‘ng 1 18 Hae only ron—2e @n‘}ra " }ﬁ Column,
thea the rvw{zn'x (8 Saud Ho be ia reduced vow <chelon fom\ (RREF-).

Theooem ((0--2) ;((}mgamgq w('H\L RREF )

E ey mafrix s souw Aﬁw'ww 1o & "uniﬂm"mrhsx n RREF.
(Matrices i REF are ot wnique ) .

* R(Lﬂd4‘r\6 'W SOI(,C/(;‘M f(om RR EF y

Examples
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(“HU fow MCM(JHOA) #ar
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Then, Heert ame Fore case$ @

@) of 9+ 0, e (ast row corrz 3Ponds 1o a defyent ratfe ef}uﬁdﬂg.«.
and 3o The ‘3‘/371251/1 s I‘)'\C{)i\él‘é')ﬂ/i’\'} »

(T 1/ 4 =0, Fhea thic SY&+W is in RREF and o et the 4enera |
Solwton we ¢ non-leadin?] w:‘a%(u( +Hae wariable ) Corrzspmci(rg
4o columns o the c@@é&'am—f macd %, arhi ch do o] have o leadng

1) 2qual Ho parameess. TnHhis case, a, =5 %Af’t/ and

(X"f‘&g—* b‘t:A / \/XQ_: %/ ng"\'a/lt:f/ 'XL(:’}"’
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$("M~ bt +d, s, ¥ _et,t) , ¢, 1¢ IR %
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oo(c
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then we only have one T\OV\-(aMJm/J vanable A, =5, and $»

(3) Suppoic RREF (3

J(coas ,5d, e ]se R >

e Gencma) Solwion.
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x Gengral LS —or Wa\dﬂ'nﬁ 6({ ‘Hae h—sz" D( 3&%\ sohplw‘omg
Yom the REF :
(I Hhe gystem Cortams a Af%énw&& %{M{Ov\,*m b 1e inaonsrstent.
So, ‘1[‘“\4 QM%MQV\“”LA M&‘((\‘X C‘Q«A’h&\‘nﬁ a oW Q/(KQ

([0o0-— 0} b )~
Pt bFo . an s & inconaiSTond and the Jeneml gotution (¢
“he tmpty Sef-
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(I)]:( every column has & lM‘nﬁ 'I, “then Hhew 18 o unfé(mé ZonHa\.
() e (< acolumn hich does st have a leading 1, then the
ol lr@m\"‘l/\ﬂ IVWU\\( %O\bc‘\iovxs.

£ Genera) fule fos Owﬂ%na Aoain thegemeral Soludtion oA & consi Stend

‘5&(5&\@}“ Lo the RREF :

(1) Lp Ydre 15 A MMQ(M goludion, then Hhis s the yeesor in Fhe
OW%W\&M[@J Column -
(2) 0therqise, dentd (eading &no»«f[md:}\@ wmnables :
@) eath lu«i«'mﬁ varable cyvresponds Jo ong row 0( ‘the avﬁﬂ\fimled
a0 X aorfe docn Hhe %Mﬁ;h for s 00 and Lolue. Fr e lewi«}g

variable indems £ He non_ (eading warables.
(41 Set aach ron-leodig waaiable equaldo a ditferend paramcfer.
(M) wrerte down Hhe Geaial Solution . "Aauchné Al var ables -
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%QQAL\QG\% S{H@'ms 1o REF & RREF : C‘ta()?ﬁs?‘dw E/l/‘mfr\é’t’ll‘.OV\ @

The Glavgg}aw @(((Mixn)' \dn dla“{';ﬂ\“" : I+ Car b€ &Pph@(l ‘{o a/v\g M’((\‘)(
C,and slops ata mafrix &, whick « RREF .

$teps -
(1 'lf C W “2xo mCL”"h‘)(, 5{0}7.

(2) Find e QB Lef{_mos] non-zeco column, and infecchang e the Jep
fow conth aothed, { necessary o bring a non-22/0 entrd de the
\().'fs{ o & this Column .

() Scale the st o, ag necesaiy .o gel a leading 1

(L) Annihilocte he res| o 4e column be oo using This leading 1 as a
proot. That (s, /}Z A, i$ e m+r9 n i< column of rod 1, then add
— R, 4o R and put the rnesult back inthe (th oo

(5 This comPletes Y o pendions arith the @‘(@y Cow. NoW, keap /me
row and do back o &tep (1) -

ol hen e al@or{‘ﬂ\m 3—{0@5, the MSL(H{ng /MQ‘F;}( will be m REF . NVow
pvocacd ot dhe Folowng SHeps Ho put Hhe sty in RREF

(6 af Hhe righd - most leading 115 in o 1, s{op.

() Start with e 0 M- modd lwd\"\a 1, @hich anll be i the last non~zeeo

roo. v5¢ 1 1o anni hilate ¢ very M{rg abooye if inifs €olumn . That 15 f

;£ 0 1S the enl( mANS column in 0@ 1, Fhen add _a; Fimes His 1o
to Ry and put the resulf back in the it roc.

o e oan Lt e vnad ndandt. odsd r Y.
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2y mterchange rows A b~

0 o +2 -2 R <R
‘ ' 3 - O 0 + 2 -2
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| 2 0 v 2 °
\ [ ! 0 2 ( | ° >

(3) No need o rescoll : ouwdrw«dy have a W{ng 1o row 1 -

(&) Subtracd Hhe Lirst row Liom roos 3 L4 -

I —R\ +R3— Ra L3
O 0 2 —2 ~/ o O 2 —12
\ ( 2 0 Rz = R -

R = o © \ |
‘ l 0 v R\ L\ L\ N

() 3@%% e wQ:rm‘ row {240 1 Step ()
(1) The te maanind ot x (S not 200 matax, So pProceed .
(B now, the ledH- mogJ[ non-2¢q0 column 1$ Column 3, whose Second

foa ent ) 5 2 (which e (;rd fouw A +he motex e, ahen
AL {%wom +he *(;rﬂ o 18 stef (5) ) -

(3) Divide fon 2 by 2 o Get a leadi L inHhe second o
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(@) clear colpmn e below He ‘Mclr‘ﬂﬂ 1.

N V) O | ~
3&&4‘ - RL( o © © ©
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(5) Tgnote Yne 1@(@% two fow S aund 8o back to é—]u) ().

(V) The mm&iv\\‘vxﬂ e x 1s 2eq0 s 50 Pincaed o (6) .

(6) The r\%m..maﬂ \M&JA‘Y\ﬁ £ s in yow Jas, So Ploéél/a’ 1o (1)

(3) o € row on, column > (abow the leadng 1 i vow 2 )
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(B) Couex bp sow 0 and qo back e %(z,() ).

(6) THnost sow (2) . Now, T T;”()}meOS‘} \lAA«‘w% ’j{s w i | SA}OP,
(The s uitird) macdiix s nowm RREE ).

@ 051y the Gavgsian afpithm P solve o Lineac syshem:

APPY The fou O’Pm—hoﬂ& o the roms a{W Who |e qu@mwdd mmk\x,
it 1 the 204#:‘5(%‘} m‘}f{xu vs in RREF .



once e coolfician] maix 15 in RREF , 4ne Gungral 2otuckion can e G2
Lound as /(@ oS :

(1 Deade f e yfemis conoistend o ot 2 contislent :

(») Asign Pramiters o non-lading vanabll s,
(&SMMfw(M¢ﬁ3WUMbwA}w@mw%[hmekm.
&mM(VM¢ﬁwNR%M@+ﬂwcmﬁdu4wwﬁxﬁﬁ>QREF’%VWW&@

fow O(PU"V}\\OM o the 1o s df the whole mgmmﬂd M'f)(“)(. Al decsion
i Ahe aEotithm W only depend on A coflicient metix:

EXO\MP(Q , Hb\@mw"&i M%\X 3

Heps
(1 not The =¢c0 oty !
(2) The Aop row has a 260, which cannst be a Prpot . %o, Scap

Q‘cwxﬂ Ql :
eV, o | 2 % o
9 5 4 D ’ 4

(3) Thew 15 o PfOo‘f wn foa 1 . fode on .

(4) e 2 i~ foo Hhoed

TG B B B
oV, 0 \ 2 3 2
—o R 4Rz R3 o -1 -2 =3 4



(5) Baclk Ao ), and consider Ry & R4 - @
() Vot the 2efo madiix. move on.
() The f(rer non- 2eqo Column 15in Column 2 . Ab iiTe (chaungjes nede
) T+ 5 alwding 1-
(41 Claas (1) in 3% 00 belonthe leading o -
\o2 3 H | S | 2 3 K )
O W 2 3 A ~ o} \ 2 3 \ 4
! | RQ+R3”’[33 o o

-

o -y .1 -3

(7)) Back 4o () and only (PN de 0\33‘4 :
(v T i 2eco ot k. psoceed to (6). The syshem i onsictenst

and Fnice anz nomm&?‘é o aoles , So e System has infnited
Many go lufons .

(6) The su'&dM‘fﬂ’\Od (MAA'WQ A is vot in 0w 1. poge on.
(%) he f{%H.-moH )wdiﬂ% 108 v colmn 2. Annih late The 2

o oye that :
L9 3 4| 5 \—2R, AR R, Lo ) m2 -3
(O l 7 3 | L( ) —~ 0 | 2. 3 ‘! 21
o O o 02 4 o O e o 92, 7

(Y Coder UuP -+ “econd (0w and 60 40 S"@P 6.
(6) The gkl posl (eading) 4 15 in row 1 - Stop.
V0w, THhe cozfﬂ{é{ﬂm‘ X 16 n RREF.
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% Reconll Hhad Fhe RREF 4 o wadrix exists and s unigue -

f";.gq,{\mJnm\ The mw\k £ a matex A dencted ba tonlc (A ), € He
| r\umbu w{- MW% ones (Ponh) in an) REF g A
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