The four "fundamental subspaces associated with an m x n matrix A
Nul 4, Row A, Col A, Nul AT

The mapping x — Az
goes from R" to R™

column
space

Aly «—y
This mapping goes from R to R"

In R™ we have In R™ we have

subspaces
not the same, but both have
Row A «—— dim = r (rank A) — Row AT = Col A
Nul A, withdim =n—r Nul AT, with dim = m — r

Sum of dimensions = n Sum of dimensions = m

Each vector in Row A Each vector in Row AT

is otrhogonal to each vector is orthogonal to each vector
in Nul A in Nul A7,
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Row A : Basis {(1,0,2), (0,1,2)} Row AT: Basis {(1,0), (0,1)}

dimension 2 I

Col A : Basis {“}ﬁ)]}

dimension 2

-2
Nul A: Basis{| —2 |} Nul AT = {0} (no basis)
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dimension 1 dimension = 0
Sum of dimensions = n = 3 Sum of dimension = m = 2
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This forces each vector in Row A This forces each vector in Row AT
to be orthogonal to each vector to be orthogonal to each vector

in Nul A in Nul AT



