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6.1 Linear Systems of Equations 345

Linear systems of equations are associated with many problems in engineering and
science, as well as with applications of mathematics to the social sciences and the quanti-
tative study of business and economic problems.

In this chapter, direct techniques are considered to solve the linear system

E\: anxy+apnxy+---+apux, = by,
Ey: anx;+apx;+---+aux, = by,
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for xi, ..., x,, given the constants g;;, foreach i, j = 1,2,...,n, and b;, for each i =
1,2, ... ,n. Direct techniques are methods that give an answer in a fixed number of steps,

subject only to roundoff errors. In the presentation we shall also introduce some elementary
notions from the subject of linear algebra.

Methods of approximating the solution to linear systems by iterative methods are dis-
cussed in Chapter 7.

6.1 Linear Systems of Equations

We use three operations to simplify the linear system given in (6.1):

1. Equation E; can be multiplied by any nonzero constant A with the resulting equa-
tion used in place of E;. This operation is denoted (AE;) — (E;).

2. Equation E; can be multiplied by any constant A and added to equation E; with
the resulting equation used in place of E;. This operation is denoted (E; +AE;) —
(Ei).

3. Equations E; and E; can be transposed in order. This operation is denoted (E;) <
(Ej).

By a sequence of these operations, a linear system can be transformed to a more easily
solved linear system that has the same solutions. The sequence of operations is illustrated
in the next example.

EXAMPLE 1 The four equations

Ei: xi+ x +3x4= 4,
E,: 2x14+ xo— x34+ x4= 1,
Ez: 3x1— x3— x3+4+2x4=-3,
Eyj: —x14+2x+3x3— x4= 4,
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