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5.1 Infroduction 1o Systems of Linear Equations

- a linear equation in n variables:
ax+a,x,+ax;+--+ax =b
a,,8,,83,...,a,, D: real number
a,: leading coefficient

X,: leading variable

"N

5 of variables and



5.1 Infroduction to Systems of Linear Equations

« EX : (Linear or Nonlinear)

1 :
Linear (@) 3x+2y=7 (b)§x+y—7tz= V2 Lnear

: ~ _
Linear (€) X, —2X, +10X;+ X, =0 (d)(smg)xl Sl Linear

_Exponential

Nonlinear



5.1 Infroduction to Systems of Linear Equations

= a solution of a linear equation in n variables:
a]X] + a2X2 + a.3X3 + "=+ aan = b

X]:S], X2:SQ, X3:S3, =, Xn:Sn

such a;$;+a,s, +a;s;+*+a.s, =b




5.1 Infroduction to Systems of Linear Equations

= EX : (Parametric representation of a solution set)
X, +2X, =4
a solution: (X, X;) = (2, 1),

If you solve for X, in terms of X,, you obtain
— 2X

lution set as



5.1 Infroduction to Systems of Linear Equations

= a system of m linear equations in n variables:
Ay Xy +  ApX, +  aApXy + - + Ay X,
Ay X; + ApX, + dAxXy + o+ nX,
Ay Xy +  8pX, +  dpXy + ot 4+ 8z X,

am3 X3 . amn Xn




5.1 Infroduction to Systems of Linear Equations

= Notes:

Every system of linear equations has either

(1) exactly one solution,

(2) infinitely many solutions, or




5.1 Intfroduction to Systems of Linear Equations

« EX : (Solution of a system of linear equations)

exactly one solution




5.1 Infroduction to Systems of Linear Equations

s EX : (Using back substitution to solve a system in row echelon form)

X — 2y = 5 (1)
y = -2 (2)

Sol: By substituting y =-2 into (1), you obtain




5.1 Infroduction to Systems of Linear Equations

« EX: (Using back substitution to solve a system in row echelon form)
X — 2y + 3z = 9 (1)

y + 32 = 5 (2)

Z = 2 (3)

Sol: Substitute z=2 into (2)
2) = 5




5.1 Infroduction to Systems of Linear Equations

= Equivalent:
Two systems of linear equations are called equivalent

If they have precisely the same solution set.

= Notes:
Each of the following operations on a system of linear

ces an equivalent system.




5.1 Infroduction to Systems of Linear Equations

« EX : Solve a system of linear equations (consistent system)

X — 2y + 32 = 9 (1)
-X + 3y = —4 (2)
2X — 5y + 5z = 17 (3)

2) —> (2)




5.1 Infroduction to Systems of Linear Equations

(4) +(5) —»
(9)
X — 2y + 3z = 9
y + 3z = 5
22 = 4 (6)

1 (6)




5.1 Infroduction to Systems of Linear Equations

« EX : Solve a system of linear equations (inconsistent system)

X, — 33X + X3 = 1 (1)
2X; — Xy — 2X; = 2 (2)
X, + 2X, — 3x, = -1 (3)

-2)+(2) > (2)




5.1 Infroduction to Systems of Linear Equations

(4) x(=1) + (5) —

(9)
X, — 3%, + X3 = 1

5X2 - 4X3 —
0 = -2 (a false statement)

()

em has no solution (an inconsistent system).




5.2 Gaussian Elimination and Gauss-Jordan Elimination

« MxN matrix:

a31 a32 s A, m rows

a a a " a

columns




5.2 Gaussian Elimination and Gauss-Jordan Elimination

. Ex: Matrix Size
2] 1x1
0 O_|
_O O“ 2X2




5.2 Gaussian Elimination and Gauss-Jordan Elimination

= a System of m equations in n variables:

a]l X]_ <+ a-]_2 X2 + a13X3 S + a]_n Xn — bl
Ay Xy +  ApX, + AnxX; + ..+ Ao Xy = b2

a31 Xl + a32 X2 + 3.33 X3 o oo + a3n Xn = b3

Ama X, Ams X3




5.2 Gaussian Elimination and Gauss-Jordan Elimination

- Augmented matrix:

djp QA Q3 " dq, b1
dyy Gy dy " Ay bz
a31 a32 a33 asn b3 . [A ‘ b]




5.2 Gaussian Elimination and Gauss-Jordan Elimination

= Elementary row operation:
(1) Interchange two rows. i R &R,
(2) Multiply a row by a nonzero constant. ' :(K)R >R
(3) Add a multiple of a row to another row. rij(k> (KR + Rj — Rj

can be obtained



5.2 Gaussian Elimination and Gauss-Jordan Elimination

« EX : (Elementary row operation)

0 13 4] r, |[-1 20 3]
-1 20 3 0 1 3 4]
2 -3 4 1] 2 —3 4 1

2 -4 6 -2 1 -2 3 -1]




5.2 Gaussian Elimination and Gauss-Jordan Elimination

= Row-echelon form: (1, 2, 3)
= Reduced row-echelon form: (1, 2, 3, 4)

(1) All row consisting entirely of zeros occur at the bottom

of the matrix.

(2) For each row that does not consist entirely of zeros,
Irst nonzero entry is 1 (called a leading 1).

leading 1 in the higher




5.2 Gaussian Elimination and Gauss-Jordan Elimination

= EX : (Row-echelon form or reduced row-echelon form)

% —% ﬂ (row - echelon (reduced row -

0
0 = form) S echelon form)

23



5.2 Gaussian Elimination and Gauss-Jordan Elimination

= Gaussian elimination:

The procedure for reducing a matrix to a row-echelon form.

= Gauss-Jordan elimination:
The procedure for reducing a matrix to a reduced row-echelon

form.




5.2 Gaussian Elimination and Gauss-Jordan Elimination

= EX: (Procedure of Gaussian elimination and Gauss-Jordan elimination)
~Produce leading 1

2 0 8 12] 4—10612 28
Rl 25 0 0 -2 0 8 12

5 6 -5 4 2 4 -5 6 -5

nonzero column

r.12




5.2 Gaussian Elimination and Gauss-Jordan Elimination

_ leading 1 : )
0 0 -4 —6) 2100 10 -4 -6

0
0 0 (B)0 -17 -24]] 00 0 0|3 6l

"L Zeros elements below leading 1 \ Submatrix
Produce leading 1

Zeros elsewhere

r(® [ (1)




5.2 Gaussian Elimination and Gauss-Jordan Elimination

« EX: Solve a system by Gauss-Jordan elimination method
(only one solution)

X — 2y + 3z = 9

-X + 3y =4
2X — 95y + 5z = 17

Sol:




5.2 Gaussian Elimination and Gauss-Jordan Elimination

« EX * Solve a system by Gauss-Jordan elimination method
(infinitely many solutions)

2X,+ 4X,— 2X;= 0
3X,+ 5X, =1l

Sol: augmented matrix

() p(-3) (1) (-2
0] I ,I’l(z ),I‘Z( )1r2(1) [1 0 5 2] (reduced row-
|0 1 -3 —1{]echelon form)




5.2 Gaussian Elimination and Gauss-Jordan Elimination

X, = 2— X,
X, = =1+ 3X,
Let x;=t

X, =2—5t,

=—1+3t, teR




