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1.3. Echelon Form ¢

o- &P AR Gk T F M oechelon form = B R AL g LA ﬁi?&ﬁ CNPES
KFP 2 - TF MU#— B 5 echelon form. # 7 & ¥4 &0 row mu}g@?&?g
g E. AP AT B G - B row PR - & echelon form, #1541 g2 TR P AT
77 3 B row B Y T ’f'] * elementary row operations it i echelon form. £ f|* & i
row B € & 2 OE R HEP F 3 B row (h4EE s T {]* elementary row operations it
echelon form, 4rt - 3 T3 A :J’"F%‘i“ﬁ 4,5,6,... B row B € & 2 A iFinthen™ F
P MEE G F LB row B ¢ 2 2 (Blde 10 B row), © &2 EE - Bl (T
E & B #hrow). R ECE B iz AhWFmEL LT FAPRACEF kB orow gEE

- @it J1* elementary row operations i* % echelon form iz B ¥ F 2 J1* o B ¥ 7 #F 3

ERS

\

4

k+1 B row 4B - it §* elementary row operations it i echelon form, LE')J‘JD % 77 %(

**
|

| /gy

$o
w

3 @ B row B R 1 * elementary row operations i % echelon form, »

2
2
-~

s § - B row 4By 1 * elementary row operations it % echelon form ,T*
1&
I3

P

E3nd

W o=
=

5
B row endEE A 2 BiEA G 4 B orow AR A 2 opt - B T3 AT
e ¥ 5t f1* elementary row operations i* 3 echelon form.

ES fr“éh—ﬁ F3 - B row endprl, plprd 2N Eairow RHT AR R R P RA
echelon form. # % —F“ F @ B row (RAEE. § AL R %k K- B echelon form 1% - B row
H leading entry (% F ¢%5) & &¥73 B & row ¢ leading entry #7 > ¥ ez 3. Aru A
P gt 3 @ B row AR P ) Jeading entry i = P - B row (75 % B row 1 leading
entry #r =% 40 :T‘£T£B’~— B row) 1 * row R # ¢ row operation #-2_ ¥ >+ % - B row.
BT ORARZITET - B row @ leading entry A= ¥ F &% — B row 7 leading entry
g4 3. E % - B row ¢ leading entry T =B fr¥ - B row * F, Pl F)C ok - B
row 1 leading entry #r =% Ak = >, ¥ = B row 7 leading entry #r A =¥ - T AR
- B row ¢ leading entry i+ %, ik T_& M PF e i echelon form. m & % = B row
leading entry b #7 > % 4% — B row 1 leading entry a 48, 2 ¥ #-% - B row 3k
Mo—b/a, £ 4P % = B row F. dogt - K F - B row B ¢ leading entry % 5 0, s H
leading entry #7t & =% L+ # 7, & L& ! PF 5 echelon form.

FFAPRYEFFREDER, TTERG kB row FHELY T ¥ elementary row
operation i* % echelon form. &N P& &2 F k+1 B row B, dom 6 7 jF ’g e
i k- leading entry G ¥ A 2 B 7R B row f1* S row 3 4 ¢ row operation #-2_

W E - B orow. EBEX N PFY - B row 7 leading entry 5 a. T kAP H L row ¢
leading entry ehiz % &2 % - B row ¢ leading entry % — # ¢ row. % % row 0 leading

entry 5 b, P % - B row kP —b/a (&4 Fl3% row . 4ot - K3% row €0 leading

entry T =8 { AwH 7. - E A7 H 3, f@_ 3% - B row ¢ emrow E leading entry
Arh il R % - B orow g leading entry AT EAPR. JLE, LR - B row T en
% row 2 leading entry #7 =% ¥ &% - B row ¢ leading entry #t A= ¥ e 3. F
A 'Fi % - B row, “TH| T I - BF kB row i A mog ¢ o kB orow
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e Y ¥ 4| % elementary row operations i 5 echelon form, # i ¥ 12 4] * elementary
row operations #-pt B % — B row M T R i> it 5 echelon form. € gt pFF E B row
leading entry #7 &= % ¥ &% — B row 1 leading entry #7 & = ¥ e & | #r BB ApiL
% echelon form. #&#&#E 773 B Y ¥ 4% elementary row operations it 5 echelon form.

< REFAL TN it 2 echelon form duEAE W L F * FIHEF B row - 220 F #Kiz
- 1 type 2 &1 elementary row operation. ¥ § } %A {* = echelon form i P & 7 &
* 3 type 1,3 i& 8 elementary row operations, I *% type 2 7 elementary row operation
€ rfs g gt L “reduced” echelon form A2 E F & o, F FI R

=T R AP RP L @ 4% augmented matrix [A | b] 4] * elementary row operations it =

echelon form [A"| V], P 2 R enm = = 422 A'x =1 gfr)%' S Azl Ax=Db F PR hfE &
L. PABRZRFER-B2 e Ax=b D augmented matrix [A | b] 1 * = #& elementary
row operatlon iE - AR AP AR AR R L2z BAAD R
LA e Ax=b. %@ e Ax=b sgﬂ’* bR 4 Eehz B (T HA XS
BEHARE - NF R BT EASR- BAIR R BIEAFT - BRI D
S irE AX=b, R KRB L AX=Db - B2 ¢4 liA’x—b’ ,]&a?LAx:b mﬁi,ikg
A Ax=b fz. AP ATV PEFAAROEEE, APRE R Ax=b afEs § L
Ax=Db fE] 7. KA AP 55 %2 elementary row operations &7 7R f e 4 SR
[A"|b] » 7 5 d elementary row operations %4% = [A|b]. #T01 2 * k| 2 d | AL Ao
A'x =D mfa’iihg FAx=b ifz. FIEHR Ax=bfrAx=b € F ik DfEEE.

anxiy +apxy = by
ax1x1 +axxy = by
- B fE 0 AT ancitapca=by A aycitapc=by 5 F xi=c,xp=c § A=
e ayxi+apx;=by ., .,
A { o f

Example 1.3.1. ¥ g &> > f2.% { LAk X =c, = B AR

- B[R e B2 AR ZRPHM IR R RS- B otype 1
anxi +apxy = b
17 elementary row operation I % ¢ iR 4 & -

F-2m g%22E0 78, Blc,e+ €& anc+anc=>b 2 rayc)+ranc; =
anxi+apxy;=>b N
XA =01 g g

ras1xy + raxx; = rby
TR ARl afziv 5 A28 AR type 2 ¢0 elementary row operation {8 ¥ ¢h 42

S B b A0, AT BB S B row 1 1/, T § @I RS L 5
M IEE ArATS AR R NfE B R D AR R o WP 2 S R - B type 2 D

elementary row operation I % ¢ #2528 & -

rhy. » ARGy =c =0 §AME S AE {

B fo N '/FE’JF:] type 3 (iR e E r AT FE o d 3,0 » g s X (ran—l—agl)cl—f—
(raia+ax)cr = (rayici +rancs) + (azici +axcs) =rby+by. w5 xy =ci,x=cp + § 2%
ay1xy +apxy = by
(rays +ax1)x1 + (raiz +ax)xy = rby + by
¢ 532 AT type 3 ¢ elementary row operation { #7107 ARk 2 fiE o d AT 4R

e T B - Borow kP —r 4P F B row 7 NERR G ARE o AT RV R

Rk e e B TR AR T

ARl DfE € AR D ARE R o P H 2 S R - B type 3 ¢ elementary row
operation ¥ 7 ¢ B2k & o i
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P e AX=bfr Ax=b U PRt LR, BT S B e G By
B e, A T Rk

Definition 1.3.2. 3k linear systems AX=Db fr A'x=b’ «hf2 f & 4nk, BIf Ax=Db {r

A'x =V i equivalent linear systems

T
+ [A"|b
Ao R IFAB S G M2 Ax=Db fF, & ¥ H A 5 echelon form A5, HET &k
B IF“,T* L § & 4% § A 5 echelon form P¥, B> = f2f%e Ax=Db f2enfFq. T9 AP iy
IR 1.2 &9 sr R 2 er@en % b R k- 2R SRR FFOEL
el 1.2 &9 ik fefFean 2 i&;”’ Fer cnfE, RFAPRIP, BRAR- BELA

elementary row operations i* % echelon form % % % v&— | e £ T &0 pivot variables #_

o erdF 33 2 P A augmented matrix [A | b] & f1* elementary row operations i
'], B

] Ax=Db fr A’x =b’ 5 equivalent linear systems.

v~ i,

dek AP ET 1.2 & (2)(a) FA (TAF - Brow 25 0 b &% row 3 5 0),
Big e fz:@;@, fR. AT R RAFRE Y RO A A WA - T R 1.2 &7
H Rfgean 2 B A AR BT free variables, » ,T&{E' g3 ﬁiﬁf_"f 7 pivot variable 14 *h e
variable. # ¥ % iz 4 free variable = F e fficie, R E 1% d T A R w e 343 P8
=3 ARty hfd. F & free variable, )’l‘-*'u,ﬁ_ HFd TAL-H-HRETE.

P

d 2+ F 00 £ vi augmented matrix 2 5 0 &9 row, #TI AP E ER GHEL A LG -

®row 2% 0. F15 A % echelon form, &+ %7 A % - B row ¥ 3 leading entry * 3
pivot. AN P w ¥ % A &_echelon form PF, 1.2 & # #rif f28 > = 4222 Ax =Db 17 2 97
F® mﬁ;rjﬁ{wp i, » )]*un\;mp X =Cly..,Xp=Cp » AX=Db - EfF NPE P
BefEEF Y 1.2 & FER 50 3 AL AP L 1.2 Ferik e E riF a2
AR L LS APERED (xq,...,x,)=(cl,...,c,) FEF L S ¢ ehaik. ME x, & pivot
variable, R| x, enE EA4LrE - FEE . 9700 S DArF fEY X, (PP - Tx 5o B Xy B
free variable, B %] S enfz ¥ x, ¥ S EZE, $x S ¥ - TF - BfFH x, B EE ¢y 4 i}“
AF A F x, L F 5 pivot variable, § ¥ & 5 - j‘:ﬂﬁi—,ﬁ Xy (OB~ G ¢, BFE X,_1 & pivot
variable, B d p* pivot *f fefr row TS A2 T Frox, PBYE € AR X, B E AT

Feawse fd.»’ﬁ - EfRH x, PPE G ¢y R EFRELB Xy = Cho 1, X =Gy T F Xy
% free variable, P| %] S enf3® x, | P A E L B2 HBE 3 BT x, P {E, v § ¥ &
—’); - '—E—ﬁ;ﬁ Xp—1,Xp BB G Xy | =Cpo1,Xn = Cp. At - T A S Tfai‘riﬁ S ¢ ’L/"—'); - Bz
Hoxp,...,x, FBE L X1 =c1,...,% = Cp.

ApEw gl b oapmh EE N F A 5 echelon form PF, pivot variables {v free
variables ¥18 > = 8% Ax=Db f2R . 7 ;t—% pivot variable ¥8 > = 4% ' crfz 2. B2 55

Lemma 1.3.3. X A % - F n & column < echelon form ® xi =ci,....x, =¢, v

xi=dy,... . xp=dy, ¥ 5> Ax=Db H- &ji.

i

(1) 3K x, 5 A - B pivot variable. B] ¢, =d,.



14 1. Systems of Linear Equations
(2) B3k xx 5 A ch— B pivot variable, B¢ 1<k<n—1. % cry1 =dks1,.--,cn =dy,
Bl cp = d.
Proof. B Ei> > f22 5
apxy + - 4+ amx, = by
ayxy + - 4+ awmx, = b
amix1 + 0+ auxp = by
He
ail - Qi
az -+ Qp
A=
Am1 " dmn
% echelon form, ¥ 7 4 — LN P EEK A 9F - B row, a;1,...,a;, & F > 5 0.
(1) & x, » A ¢h— B pivot variable, % 7= A e - B row 9 leading entry # i
bl & Xn- * ’Thg‘;ﬁ‘ ml = Am2 = =app—1 =0 =2 amn7é0 T4oT pU B 2 AR izl ¥
Bis— BF L auxpn=by. t=d x1=cp,....xn=cp 3 x1=dy,....x,=dy, ¥ &

T AR e eh- B fRaT x, =cy e x, = dy ¢ R Xy = by, T ey = by 2

Ay = by 7= apy #0 73 ¢, =d,.

% X¢ » A ¢h— B pivot variable, # 77 A F — ® row ¢ leading entry *f = ¥
= oXp. %{;ﬁ,%‘tb row = A &% B row, Bl g1 =ap=---=aj_1 =0 2
ag #0. ¢ row ”Lréfl%m}\-* 5 apxg+ - apx, =bi. wd xp=ci,...xp=cp %
X1 =d1,.. X = dy S I 12 R )?*f\-" Xk = ClyXg1 = Ckt1y-++3Xn = Cp
o Xk = di; Xg+1 :dk+17--~7xn:dn TR apxg ot ainxy, = b F A o =

dk+17"'7cn :dn ﬁjf?;‘;\iﬁ-r
ajkck = bi — (Aikr 1641+ -+ aincn) = bi — (Qikr1dikr1 + -+ - + Aindy) = ajdy.

-ﬂ d a,-k;éO %3ﬁ~’f'ck:dk.

B ¥t pivot variable #¢ * &3 430 free variable 2 ¥ IS B E e e Hem 17 F] -

g, AT g 0T free variable ¥ f# R 55

Lemma 1.3.4. 3% A 2 - F n B column ¢ echelon form ® X5 — B row > % 0.
F

(1)

(2)

Bk x, & A - B free variable. RI¥HiE L F B r, > 22 Ax=Db ¥ ¥ 7| -
228 x,=r.

B3k xx » A - B free variable, 2 ¥ 1<k<n—1. & xi=c1,....Xxp=Cy » =

A Ax=b - ®2fF PHEIFHEr 2 REAX=b ¥V - izl g =r

x Xk+1 = Ck+1y+-+9Xnp = Cp.
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Proof. 77 & #73k chRjEE427 A i 7 % free variable . 5 T, 03 8, £ - H - #
d TAYAwiBR - efR AEBEAEY AP fRIE x Efree variable, B v B~ BT iy
EREF NG x;, B j<i BHORE, D EREIIE B Rhex, P i< PBE,
BE x, 4_free variable, iz & F AP F UL Fx, 2 TR FE, L - H- H A A REH
S fgle e R, fhr éﬁfzﬁ;ﬁ@gz rt AR Ax=b ¥ TS - wigd x, b or

% xp » A eh— 1 free variable, 2 ¢ 1<k<n—12 ¢ wx;=c,....Xxn=¢p 5 > A2
Ax=Db - R FT 2, 00 =l =0 F BT ARE pivot il hox LR
PRI row FTHH R EIRE 2 2N d 3t gy PERE LT Y P B ., Xy SDOBCE AT
AT & Xe=r 2 Xep1 = ChplyeosXn=Cn = H = l*'?'ﬁ’\f«%%: S fplech- wjz. O

FT RO APH A B G FHEAHF P - T Lemma 1.3.3 ¢ Lemma 1.3.4.

Example 1.3.5. {+ Page 7, A Parg B = 2 gl

2x1 +xp +3x3 +x4 = 4
3xy +3x3 4x4 = 2
—X4 = 1
R i =2—txm=1-tx=txy=—1, 8¢ r ZELFEH APF U AT

GAREG BB R0 3 ET] DY xy SiE- LR -1 @ Lemma 133 (1) ¥ g
Fl i x4 %_B {8 — B variable ¥ % pivot, #T1 E A EfRen xy HE ARk o % R OE
FB- iR bldrx; =20 =1,x3=0,x4=—1 (¥ ¢ & 0 efi=). d > x3 4_free variable,
Lemma 1.3.4 (2) #3F 2 P EE Ly =—1, A PRT R T A- BEKEFH- 2f3 -
AR ehdE, xp B2 5 pivot variable, 7 i Lemma 1.3.3 (2) ¥ 72 ¥ 2 3#FA P TES & ﬁ'*’f' X
e Kg‘ ov ARFED & © f% 0 x3,x4 B F - KRBT P x, chiEs - ¥ o B4r
x1=lx=0x=1lxy=—1+ - 2§F > vax i Oﬂ}’fralxm?l&‘yﬁgp zﬁﬂfﬁljj‘ﬁ‘
Rl AEES EET PG - RiDag froay, PRAET P X DESL - R o BV WG TGS
[ER S B

% Page 10, 2\ P g B > = gl

X1 —2x  H4x3 —x4 = 4
X2 +2x3 —x4 = -9

fE 5 x; = —1443r—5s,0=-9+r-2s,;3=sxy=r, B¢ sr 3 ELF B d WE -
i variables x4 i_free variable, Lemma 1.3.4 (1) #3724 P E2 L % - B F & r §77 1145 5]
wiRH xq enE 5 o A x3 # &_free variable, #7127 Lemma 1.3.4 (2) £ 734 ;yaj& T3 -
7 s, [ALaa '13;5“ BfRE xg fooxy iE A B 5 r fos. ST o d 2R gk o
~ x; 4_pivot variable, @ Lemma 1.3.3 (2) 2 & P %3 A 2fid x3 chid £ - 57 x
igs — o RliED BfRahx hiEs ¢ - 0 Fla £ 4 x A pivot variable ¥ fv v i x
hids ik o od frfdF &% xu=r, =5 RFTRHLx frx HEL 5 —9+r—2s fr
—1443r—5s fpre= & o f

Lemma 1.3.3 = Lemma 1.3.4 7 3% % & * . bl4cd A & echelon form p¥F 5 = = 42

PAX=Db ™G - BfExi=cCl,... X =0Cp & X|y...,Xy F - fli‘[‘a"‘{pivot variable, B¢
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Lemma 1.3.3 &8> * 28 Ax=b 2 %% _x1 =c1,..., X, = ¢ FHFFEHRS, > o nfF
FE- L V- S g, B fRE Ax=b ¢ 4v} f2¥ xi,...,x, ¥ F free variable, Fld Lemma

L3.4 4vmz 2 f2le AX=b §F &5 F & (FARNmalc W05 4115 B AF).
FAPE - BAELPE, G 3F S A F R L L echelon form, @ P it & &9 echelon form

¥ 5 7 — . 7 #{|* Lemma 1.3.3 fv Lemma 1.3.4 2% i* ¥ 12 17 3| iz &= echelon form

BEARVT v A -k, 2@ i pivot T AR INE - R, d AR PR GEEE A G
i P} p B F

echelon form & enfi-a), T LA P T UL g AX=0 - AHEAR N 2 gl £ E

P S AR HR, F1E 0 =0, =0 R R AP LR 2 A

2% homogeneous system.

Proposition 1.3.6. % - "L A, & A;,Ay $55 A 1t elementary row operations it =

e echelon forms. B A v Ay 1 pivot BEcAR I, F + # 7 pivot variables ¥ - 3% en.

Proof. X% g Ax=0:- 28> >44% H¢ A3 n B column (¥ > fees n B
%#c). F1i A ¥ 1% elementary row operation it 5 A; 2 A, &% 7t augmented matrix
[A]0] ¥ 4] * elementary row operation * 5 [A]|0] 2 [A|0]. o > 2 2k
Ax=0fr Apx=0 T 252 > fee Ax=07F ki L TRAELEM2 3 eIt
x1=0,...,x, =0 itk - Bz,

AR E R RJY. BK A fv Ay 7 pivot variable 7 - &, A £ - A i R
¥} A X x; 4_pivot variable 2 $ Ay k3 x; * 4 pivot variable (¥ free variable). i
XKi=n 2T 32HE Ax=0 3¢ x, BB T rE- 5 (Lemma 1.3.3), $F F x, - T
L00; 2 Apx=0 hf#? x, B rF 0 EE R o #c (Lemma 1.3.4). Sfest - * ek
$Aniadn F. RE 1<i<n—1 §1% x=0,...,6=0 ¢ L4 B+ 2k 5fa,
AP S frle Ajx=0 fR¢ — T F P - BFER Xy, x, FBEE L 0 L x B
7 ¥ 0 (Lemma 1.3.3); ¥ - * % Lemma 1.3.4 £ 37 i Apx =0 i ? - 27 35 7| -
HREE g, x, PBCEF S O x5 chBEd R O0O(EF Y VA ELF K. X e
Aix=0,Ax=0 ¢ = > 2% 3 e Dfzip 4 ﬁ wed K32 A fr Ay 9 pivot variables
- ®Ren ]

B fEE s S iRl chiE AR Y R F 1238 - I K echelon form i Z 73R 9 reduced echelon
form. Reduced echelon form ¥ 9 }+ % 5 echelon form, # B 4+ & B 4], % - B2
48 &% - B pivot entry 5 1. ¥ — B4 5 pivot ehizd P> > 5 0. BAR, ®kTE
echelon form =0 pivot =% = * ¢ > % 0 #7124 reduced echelon form # — B pivot #7 feh

column, “ﬁ% TR e Al hHEImAY L 0. b4

1 200 113 0
A=[(0 03 6|, B=|01 1 2
0 00O 0 01 -1
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¥ % &_reduced echelon form iz &
1 200 1 00 O
A=|l0012|, B=|010 3
00 0O 0 01 -1

,T&{ reduced echelon form. # - i echelon form % ¥ 4] * elementary row operations #
% reduced echelon form. i&H&_7] ; , %7 — B row i pivot entry % a (L & &K a#0),
AP & 3% row kb 1/a, B3% row €0 pivot entry i €1 1 ::g,T.‘u{"ﬁ & type 2 &1
elementary row operation e = ). G40t & A iz— B echelon form % #-% = B row 3k}
1/3, ,T‘%? # A" ig- B reduced echelon form. § 2 #-% i pivot fR% 5 1 15, ,Tk‘-? S

#i%row kb R - FHAT Y - B row 77 2 % pivot #7 A column s @ FRA 1L L 0.

Bl4ct ® B iz- % echelon form % #-% = B row & %k =3, —1 4 ¥ % - B row fo %
1 10 3

“Brow, 8|0 1 0 3 |.E#%%=-®rowxkt —143%- B row, TT*-L? # B -
001 -1

% reduced echelon form. ;i % — 4k 2% i *‘Jé"i E i b @ T ¥ e = echelon form, 7 if 8 I
echelon form 7& ¥_j%_F @ 4 echelon form #% = reduced echelon form #2 % = .

it 5 reduced echelon form #&, #% i %}C'? 21 4]% % & d echelon form ffgen= & ) 5
= 2 fg e infz. d 3t reduced echelon form # - # row ' 7 3% row ¢ pivot o, F # free
variables (# i 7 pivot variable #f & entry % & 0), #Tr4 7 rd fped 5 d1fE ﬁ?ﬁl;;\. 5] 4
S 2% Bx=0 %

X1 =0
X +3x4 = 0
x3 —x4 = 0
F1W x4 % free variable, £ xs=1t, * » %= row {# x3=1. A > %= row & xo = —3¢. E i

d % - row 7 x;=0. q&&fE i (x1,x0,x3,x4) = (0,—31,¢,¢) =¢(0,-3,1,1),s € R.

A i & B ¥ 5 d elementary row operations it % echelon form. @ # i x A
% 1 echelon form » ¥ 4] * elementary row operations i* 5 reduced echelon form. rﬂ L&
BaEL ¥ ¥ 41 * elementary row operations i* % reduced echelon form. ¥ ¢t 3% i L‘g -
B > 2 42 % ¢ augmented matrix . elementary row operations f& #7 ¥l FH = S ke £
#_equivalent, #7141t 5 reduced echelon form *7#hjz f & » € frh > R hjzhk &k

it & reduced echelon form &% f g {8 ¥ 12 ffeds 5 ) fFcha) 30, - kit 3
reduced echelon form +* i & echelon form #7 3 9 28 5 7 3 %, #7110 41* echelon form
koFfB A g . JI* echelon form Kf2eh= 2 - BH L Gauss method & Gaussian

elimination, @ * reduced echelon form &j%- &4 % Gauss-Jordan method.

Example 1.3.7. Example 1.2.2 7 linear system, i* = echelon form {é

2 3 -1 7
01 -3|-5
00 -3|-9
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2 3 -1 7
01 -3|-5
00 1 3
L #% = row A% 31 4eF %, - row #
2 3 010
01 0| 4
00 1] 3
FHFHEHEF - row T =3 4 3% - row #
[2 0 0] -2
01 0| 4
00 1] 3]
B {8 4% - row %2 1/2 ¥ reduced echelon form
(1.0 0] —1]
01 0| 4],
00 1] 3]

v 5 ’JF% 5?}3’17:1 (X],Xz,)c3)=(—1,4,3).

Example 1.2.4 ¢ linear system, i* = echelon form & %

1 -2 1 —-1| 4

0O 12 —-1|-9

0 00 o0 O

0 00 o0 O
#-% = row k11 2 43 % - row ¥ reduced echelon form

1 05 -3|-14

o1 2 —-1| -9

000 O 0

000 O 0
¥] x4,x3 = free variables, & x4 =r,x3=s5, * > %= row ¥ xp=-9+r—2s. £ & » % -
row % x; = —14+3r—>5s. it

A fF 2 g * Proposition 1.3.6 g = 2 %P - BAEL4]* elementary row opera-

tions f* % reduced echelon form H % % & r&— .

Theorem 1.3.8. %% - 4B A, & A;,Ay 335 A f1* elementary row operations * = ¢h

reduced echelon forms, B A; =A;.

Proof. A4 g Ax=0:i&- W= 3 2 REXE: S8 Ax=0fc Ayx=0 F &2 5
=z Ax=0 4 b fa.

FI* FREZE B A FA L BRI, ALA B - BE 248 row B pivot
variable 5 x; (7L & ¢ Proposition 1.3.6, 3% if* #v:g A,A, £ pivot variables ¥ - & ). IR
B3R Ap,Ay Bt row AT 4250 A W 5
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X+ Q1 Xer1 + - Fanx, =0 B2 x4+ bppixgpr +-+bpx, =0 (1.2)
HeY 3 A1 BEk+1<I<n?® a#b. # x % pivot variable, d ** Aj,A; ¥ % reduced
echelon form, % iz row ¥ , # 8 41 pivot variable ¥ B8R 5 0, 7 &Rk =5 =0

3 =

2% = L & vari AP e e s T~ % free variables eniE, ¥ o4 E; LR
? ', AT X free variable. #\ i & ris ,

iy g N E x‘1‘1313:'_' = AR nfE, IR“”)%}“,’TT 7 x; i&— 1 free variable % 1, 2 # free

variables ¥ 0 #7# enf. K &L 27 E Ax=0 2 Apx=0 24 % 5 (x1,...,%,) = (¢1,...,¢n)
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