
 
Gaussianelimination

In the last example last week we started with a system

of equations converted it into an augmented matrix applied

elementary operations oneby one until the result was a nice

matrix of the form

LX
If the number ofequations is the of variables we get
a slightly different looking nice matrix
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Now we can easilysolve for X and y in terms of Z
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Parametric solution
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Definition A matrix is in row echelon form if it satisfies

The following

1 All Zero rows if any are at thebottom

2 The first nonzero entryfrom the left in each nonzero
now is a 1 calledthe leading D

3 Each leading 1 is to the right of all leading ones above
it

A new echelon matrix is in reduced WW echelon form f in
addition it satisfies

4 Each leading1 is the only nonzero entry in its column

O O O

i i i it
Ww echelon reduced Ww echelon

How can you use elementaryoperations to get from RE toRRE



therm Every matrix can be but in RE and RRE form via

a sequence of elementary row operations via the Gaussian

Algorithm

Gaussian Algorithmmm

Step If the matrix is 0 ie all entriesare 01 stop it's already
in RE and RRE form

Step 2 Otherwise find the first column from the left containing
a nonzero entry call it a Movethe vow containing that entry
to the topnow

Steps Multiply top row byYa to create a leading 1

Step Subtractmultiples of that row frowm rows below it to

make all entriesbelow the leading 1 zero

Steps Repeat I 4 on matrix consisting of remaining rows

The process stopswhen either no rows remain at step 5 or the

matrix is O

EI Let's use the Gaussian algorithm on foo I
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step3 Multiply the top row by 43
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Step4 subtract 2 times now 1 from now 3

I 0 I I 2

Steps Repeat for next two rows
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Steps Multiply row 2 by K
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step 4
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Steps Repeat on remaining row
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first no hZero
column a 3

steps
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Step4,5 Done no more rows

In order to solve the system we can continue by putting
the matrix in RREform
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Solution Xz
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What if we end up instead with the following matrix in

RRE form
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converting this back to equations we get
X D
Xz O
O I obviouslyfalse

Since there is he solution that makes this true this systemis

inconsistent

This general method for solving systems of equations is called

Gaussian Elimination

Gianelimination To solve a system of equations

Useelementary Ww operations to get a RRE matrix



If a Ww Coo 0 IT occurs the system is inconsistent

Otherwise assign non leading variables as parameters and
solve for the leading variables in terms of the parameters
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The tank of a matrix is The number of leading ones

when it is put in hour echelon form

Ex What's the rank of Cg
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Note that if a matrix has m rows and h columns the

rank r E m since the leading Is are in different rows and

Eh since they are in differentcolumns

Rankotaugmenteolmatices

Suppose we have a consistent systemof m equations in n

variables let t rank of correspondingaugmented matrix

myO L

n

r of leadingones h total of variables so

n r of nonleading variables of parameters insolution

If h r there are no parameters and thus a unique
solution

If r L h there is at least one parameter involved which
can take on infinitely many values so there are



infinitely many solutions
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