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Systems of Linear Equations

e General form

- An abitrary system ofn linear equations im unknovns can be written
as

a]_le + a12X2+. . .+a1an = bl
a21X1 + a22X2+. . .+a2an = b2
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or in matrix form asAx = b whereA =] 21 22 2n O
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- Whenn>m, the system is calleo\ver-determined
- Whenn<m, the system is callednderdetermined

- A linear system of the frorAx = 0 is alledhom@eneous

 Solving Ax=Db (case m=n)

- Every system of linear equations has either no solutiotetly one solu-
tion, or infinitely maw solutions.

- Various methods such &3auss eliminationGauss-drdan elimination
LU-factorizationetc.
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» Conditionsfor solutions of Ax=b (case m=n)
- If Alis invertible, Ax = b has &actly one solution:
x=A"b
- The following statements are egdlient:
(1) Ais invertible
(2) Ax =0 has only the trial solution

(3)det(A) 20
(4) bis in the column space &
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(5) rank(A|b) = rank(A) andrank(A) = n
(6) The column/rav vectors ofA are linearly independent.
(7) The column/rav vectors ofA spanR"
- The system haso solutionif rank(Al|b) > rank(A)
- The sustem ha#finitely many solutionsf rank(Alb) = rank(A) and
rank(A) < n
 What if A issingular?

- See SVD notes ...

» Conditionsfor solutions of Ax=0 (case m=n)
(1) Has a non-tvial solution if rank(A) <n

(2) Has the tuial solution if rank(A) = n

* Solving Ax=b or Ax=0 (case m> n)

See SVD notes ...



