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Checking Independence

A set of n vectors {a1, a2, …, an} is linear dependent

!" = $ have non-zero solution

Given a vector set, {a1, a2, …, an}, if there exists any ai that is 
a linear combination of other vectors

Given a vector set, {a1, a2, …, an}, there exists scalars x1, x2, 
…, xn, that are not all zero,  such that x1a1 + x2a2 + ! + xnan
= 0.
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Linear independent 
or not?
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Checking Independence

A set of n vectors {a1, a2, …, an} is linear dependent

!" = $ have non-zero solution
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Linear independent 
or not?

Given a vector set, {a1, a2, …, an}, if there exists any ai that is 
a linear combination of other vectors

Given a vector set, {a1, a2, …, an}, there exists scalars x1, x2, 
…, xn, that are not all zero,  such that x1a1 + x2a2 + ! + xnan
= 0.
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Column Correspondence 
Theorem
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pivot columns

The pivot columns are linear independent.

linear 
independent

linear 
independent

Leading entries



Column Correspondence 
Theorem

a2 = 2a1
a5 = -a1+a4
a6 = -5a1-3a3+2a4

The non-pivot columns are the linear combination of the 
previous pivot columns.

r2 = 2r1
r5 = -r1+r4
r6 = -5r1-3r3+2r4
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pivot columns Leading entries



Independent

All columns are 
independent

Every column is a 
pivot column

Every column in 
RREF(A) is standard 
vector.

If a column is not pivot

The column is the linear 
combination of left pivot column.

Dependent 



Independent

All columns are 
independent

Every column is a 
pivot column

Every column in 
RREF(A) is standard 
vector.

∗ ∗ ∗
∗ ∗ ∗
∗ ∗ ∗

Columns are linear 
independent

RREF

1 0 0
0 1 0
0 0 1

3X3

Identity 
matrix



Independent

All columns are 
independent

Every column is a 
pivot column

Every column in 
RREF(A) is standard 
vector.

Columns are linear 
independent
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Independent

All columns are 
independent

Every column is a 
pivot column

Every column in 
RREF(A) is standard 
vector.
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3X4

Columns are linear 
independent
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Independent

Dependent or 
Independent?
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The columns are 
dependent

More than 3 vectors in R3 must be dependent.

More than m vectors in Rm must be dependent.
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